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W E CAN 
H ELP  YOU GET

She's a swinger. A dreamer. A little "mad”. A little "mod". She's every 
father's teen-age daughter . Crazy for make-up, perfumes, colognes, 
hair preparations, body lotions — anything that'll bring on the boys. □ 

She stands for a dollar market that staggers 
the imagination. And promises to get bigger. 
She's a cosmetic company's dream. □ If you 

■ | ■—  —— | want her, talk to u& Creating original, saleable fragrances has been Givaudan'sbusi-
l—l  L -  L J  | ness for over 80 years. A n d  w e Ve got the s u c c e s s  sto rie s  to p ro ve  it! □ If you want

to take on the teen market, talk to a man at Givaudan. He knows how!

G i V A U D A N
GIVAUDAN CORPORATION. 100 DELAWANNA AVE., CLIFTON. N J. 07014 ■ ASSOCIATED COMPANIES: ARGENTINA ■ AUSTRALIA • BRAZIL • CANAD 
COLOMBIA ENGLAND • FRANCE - W. GERMANY ■ HONG KONG • ITALY • JAPAN MEXICO ■ REPUBLIC OF SOUTH AFRICA ■ SPAIN • SWITZERLAN



:o r  co ld  w a v e  lotions 
ind d e p ila to rie s  u s e

Evans

iade from uniform and 
igh quality vacuum distilled 
HIOGLYCOLIC ACID...

i . S'" ' ... I ;|p
/ANS THIOGLYCOLATES can help you obtain 
ree important advantages for your cold permanent» 
ave and depilatory formulations: (1) uniformity,
) purity, (3) high quality. Get additional information 
am EVANS technical service specialists in the 
:ld of hair chemistry.

EVANS S P E C IA L IZ E S  IN C O M P O U N D S  FOR  
C O LD  W AVE L O T IO N S  (PER M S)

Emulsifier K-700—a lanolin clouding agent 
for PERMS containing wetting agents and 
conditioning oils.
PERM Neutralizers
1. Neutralizer powder K-140 will produce a 

rich creamy viscous penetrating neutra
lizer with hair conditioning action when 
mixed with water.

2. Neutralizer powder K-938 is similar to neu
tralizer powder K-140 except it will be 
non-viscous instead of viscous.

3. Neutralizer K-126 a powder packed in foil 
envelopes. Each envelope when mixed

with four ounces of water will produce a 
viscous on-the^rod neutralizer.

4. High Speed Neutralizer containing sodium 
perborate monohydrate as the active in
gredient is available either in foil enve
lopes or bulk powder.

Neutralizer Boosters
1. Booster K-124 when mixed with sodium 

bromate and water will give a viscous 
PERM neutralizer.

2. Booster K-527 when mixed with sodium 
bromate and water will give a non-viscous 
PERM neutralizer.

EVANS S P E C IA L IZ E S  IN C O M P O U N D S  FOR
D EPILA TO R IES

Evanol—a specially blended compound for use as a stabilized 
cream base or aerosol base.

Write for samples and data sheets: V

C H E I T V G T I C S ,  I r v C .
90 Tokeneke Road, Darien, Connecticut 06820 

Phone: 203-655-R741 • Rahle: EVANRCHEM • TWX: 710-457-3356
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Now! A New and Versatili
Replacement for Lanolii 

at Lower Cost

Forlan “ L”  is Hydrophilic . . .  Absorbs and 
Holds Water to the Skin by Emulsification.

Forlan “ L”  is Pleasant to the Touch . . .
Has Excellent Spreadability . . .  Imparts 
Smoothness to the Skin without Tack or 
Stickiness.
Forlan “ L”  Offers a Range of Applications 
as Wide as Your Creative Imagination!

Although our original purpose was to obtain 
suitable replacement for Lanolin, the results 
date indicate that Forlan “L” offers.even great 
opportunities for cosmetic and toiletry formulato-
For example, Forlan “L” (like Lanolin) acts as 
skin lubricant and emollient... compatible w 
anionic, cationic and amphoteric ionic surfac 
active agents as well as non-ionic surface-acti 
agents ... it enhances emulsion stability in be 
oil-in-water and water-in-oil systems. As an au> 
iary emulsifying agent, Forlan “L” can increa 
the inter-face ooverage of emulsifiers with grea 
resistance to creaming and coalescence.
Forlan "L” (like Lanolin), offers functional att 
butes" similar to the lipid film layer covering norm 
skin surfaces. According to some investigate 
this lipid film layer plays a “moisturizing” rc 
shielding the skin from cracking and brittlene 
caused by skin exposure to the sun, wind, he 
and cold.
Forlan “L” can also be used as an independe 
water-in-oil emulsifier... in formulations requiri



A New Cosmetic Ingredient 
Containing Free Fatty Acids, Free Alcohols, 

Esters and Hydrocarbons Normally 
Associated with Lanolin

constant viscosity as a function of time. When 
jsed in conjunction with other emulsifying agents, 
Dr independently at specified concentrations, the 
nter-facial emulsifier film formed will cover that 
raction of the droplet inter-face offering a rela- 
ively constant emulsion viscosity over an ex- 
ended period of time.
This versatile lanolin-replacement also assists in 
he wetting and dispersion of pigments in facjal 
nakeups, lipsticks and eye shadow preparations 
.. helps to impart long “stability”.

r'es, Forlan "L” qualitatively approximates the 
:omposition of lanolin! We have prepared a num- 
jer of cosmetic formulations to demonstrate the 
versatility of Forlan "L”. To further substantiate 
he performance of this lanolin replacement 
naterial, purified Lanolin was used as a control, 
n most cases, differences were indistinguishable 
rom an aesthetic or colloid standpoint. In some 
;ases, emulsion stability was improved by 
:orlan “L”.
“hese formulations, as well as more detailed infor- 
nation on Forlan “L”, are available on request.

R.l.T.A. CHEMICAL 
CORPORATION 
P.O. Box 556
Crystal Lake, Illinois 60014 
Telephone: (815) 455-0530 
Telex: 72-2438 
Cable Address:
RITA CRYSTAL LAKE, ILLINOIS

WEST COAST: VIVION CHEMICAL CO., INC.
937 Bransten Rd.,
San Carlos, California 94070 
Telephone: (415) 591-8213 
2914 Leonis Street 
Vernon, California 90058 
Telephone: (213) 583-6041

IN CANADA: BATES CHEMICAL LTD.
Toronto - Montreal - Vancouver

IN MEXICO: LABORATORIOS CEPSA S. DE R.L.
Trojes No. 76 Col.
Minerva, Mexico 13, D.F. 
Telephones: (905) 582-1964 
and 579-4730

R.I.T.A. is also represented in England, France, 
Germany, Italy, Japan and Spain,
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O ur alchem ists.
They can help you tu rn  
todays new pH trend  
in to  sales gold.

These modern-day wizards of the cosmetic 
chemical field have come up with Crodafos SG—the acid buffer that’s 
an excellent conditioner (especially when combined with Crotein BTA) 
and a superior gellant and emulsifier as well.

What's more, our people have put together two 
versions of a Crodafos acidic shampoo system. SH-23 is a viscous 
luxury shampoo with good wet combing and mild conditioning 
properties. SH-24 is a low-cost version with higher viscosity (due to 
its lower salt content).

Besides offering superior performance, this 
new pH balanced formula concept has the added advantage of 
utilizing ingredients that can all be obtained from us. Specifically:

Carsonal ALS* SH-23 SH-24

(ammonium lauryl sulfate) 40 20
Carsonam 3’ 
(coco betaine) 15 7.5
Carsamide SAL’
(lauric myristic diethanolamide) 4 3
Crodafos SG* *
(alkyl alkoxy cetyl phosphate) 3 2
Crotein BTA’' (benzyl trimethyl 
ammonium hydrolized protein) 1.5 1
Water* to 100% 100%

SH-23 has a pH of 5.5, which can be brought 
down to 4.1 by the addition of 1% citric acid. SH-24's pH is 5.1, and you 
can bring it down to 4.2 by adding 0.5% citric acid.

Today's new pH trend represents a golden 
opportunity for cosmetic companies—and an opportunity not only in me 
hair care area but believably extendable to skin care as well. So why not let our 
alchemists help you reap some of that gold. For samples of the Croda materials 
for SH-23 and SH-24 plus a free subscription to our “Lambs Tales" applica
tions bulletin, mail us the coupon.

C ro d a  , Inc. ,51 Madison Avenue, New York, N.Y. 10010
I Q  Please rush samples ol the Croda materials for formulae SH-23 and SH-24. 
I L] Please start my free subscription to your monthly "Lambs Tales" bulletin.
| NAME _____________________ TITLE

OMPANY
STREET

•Distributed by us. as East Coast 
representatives of Carson Chemical.

“ Manufactured by us.
***Not part of our regular line, certainly— 

but available if you wish.
(When we say "all ingredienls'.’ 
we mean "all")

SALES AGENTS CRODA CANADA LTD. 62 OSLER STREET. TORONTO M6P 4A2 CANADA □ WALTER H JELLY » CO. 2822 BIRCH STREET. FRANKLIN PARK. ILL 60131 □ SOL KAPLAN » SON INC. P O BOX 17326. MEMPHIS. TENN 38117 □ •QUAD CHEMICAL CO. 2779 EAST EL PRESIDIO. LONG BEACH. CAL 90810 □ HAWKINS CHEMICAL, INC. 3100 EAST HENNEPIN AVE MINNEAPOLIS. MINN 55413



W e  k n o w  that the proper fragran ce  can  contribute  
to sa le s  success. Our p erfu m e ch em ists  can  
s k illfu lly  achieve the delicate b alan ce  in  your favor.

M H M H I M M  j f j [ P E R R Y  B R O T H E R S
Fragrance Specialists

m u
m 61-12 32nd Avenue, Woodslde, N.Y. 11377 • (212) 932-1200



The REWO Group of Companies have specialised for many 
years in the development of dermatologically safe 
surfactants, for use in toiletry and cosmetic preparations. 
Some of these products have even skin-protective anti
irritant properties. Others are biologically active against 
certain pathogenic organisms. We have selected only a fev 
by way of illustration on the opposite page. Your detailed 
enquiries will be welcome and will receive the full 
attention of our research and development laboratories.

S  REWO
G R O U P  OF C O M P A N I E S

REWO CHEMISCHE FABRIK GMBH 
D-6497 Steinau 1
Postfach 60
Telephone : (06663) 171 <5071>
Telex: 0493589

REWO CHEMICALS INC.
107 B Allen Boulevard 
Farmingdale. L. I„ New York 11735, USA
Telephone: (516) 293-2470 Telex: (wut) 960: 
Telegr : REWOCHEMFARMINGDALENY



“Sulfosuccinate-Derivatives (skinfriendly, enzyme compatible anionics)

-STEINAPOL SBFA 30 
STEINAPOL SBC

REWOPOL SBFA 30 
REWOPOL SBC 212

For mild foam baths, non-eye 
irritant shampoos etc.

■REWODERM S 1333 REWODERM S1333 Skin protective surfactant
STEINAPOL SBZ

REWOPOL SB-C6 
REWOPOL SB-FA 90

non-eye-stinging, 
good foaming special 
derivatives

Anti-dandruff-Undecylenic-Derivative

STEINAZID SBU185 REWOCID SBU185 antiseborrhoeic, dandruff controlling 
additive

Amphoterics (Cyclo-imidium-derivatives)

STEINAPON AM-2C 
STEINAPON AM-CA

REWOPON AM-2C 
REWOPON AM-CA

Very mild amphoteric surfactants for baby- 
shampoos, bubble-baths and medicated 
preparations

STEINAPON AM-TSF REWOPON AM-TSF Special derivative (very low salt content)

Fatty-Acid Alkanolamides (high amide-content)

STEINAMID DL203/S 
STEIN AMID DLMS 
STEINAMID DO 280/SE

REWOMID DL203/S 
REWOMID DLMS 
REWOMID DO 280/S

light coloured foam boosting 
and viscosity controlling, 
soft additives for cosmetic 
preparations

Lanolin Derivatives (water soluble, proteinsubstantive)

REWO-LAN 5 
REWO-LAN F

REWOLAN 5 For moisturizing, skinprotection and 
to counteract hairdamage

A S S O C I A T E D  C O M P A N I E S  :

Dffices'
DUTTON & REIN ISCH Ltd. 
,30-132 Cromwell Road 
3B-London S.W.7 4HB

Works:
DUTTON & REIN ISCH Ltd. REWO QUIMICAS.A. 
Fllmby-Works Quelpo de Llano, 23 
GB-MaryportCA158EP/Cumberland E-Cornella (Barcelona)

Telephone: (01)373-7777 
Telex: 23254

Telephone: 3333 
Telex: 64217

Telephone: 3770208 
Telex: 52368

Telegr.: CONDANOL LONDON SW 7
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y o u r jr a g r a n c e  s u p p lie r  p o s s e s s

C R E A T IX IT Y  a n d  E X P E R IE N C E

For over 50 successful years we have demonstrated 
our skills and knowledge.

ISN'T IT TIME WE HELPED YOU?

An in fin ite variety of fragrances, modern and traditional, for 
cosmetics— soaps— detergents— household specialties —  can
dles— sachets— inks and other uses are at your disposal.

COMPAGNIE PARENTO“  %
P.0. Box 220 507 5th Avenue 14812 Alma Avenue 2141 W. Touhy Avenue

Croton-on-Hudson, N.Y. 20520 New Yo-k, N.Y. 10017 Detroit, Mich. 48205 Chicago, 111. 60645
tel.:914-271-4701 tel.: 212 687-5133 tel.:313 527-5018 tel.:312-761-8668

Canada—Great Britain—France—Mexico—Japan



Ideas Gel.
In the cosmetics business, being new 
or better can often be a matter of 
form. A form with an intriguing new 
feel and effectiveness.
Like a gel. @
If you haven't discovered what A-C 
Polyethylene can do for gels, perhaps 
you haven't really discovered gels. 
A-C Polyethylene617Aand 6A 
homopolymers are money-saving 
replacements for expensive natural 
waxes.

>111 it takes is a pinch.

Among their other advantages: better 
stability, a general chemical inertness, 
a higher melting pointand a better 
moistu re barrier.
Also, they have excellent thickening 
qualitiesand a uniform consistency 
over a wide temperature range.
You can use these two grades of A-C 
Polyethylene with mineral oil or other 
cosmetic vehicles such as myrlstates. 
All with an absence of odor.
Now, what did you have in mind?

Call or write: Paul McQuillan.
ALLIED CHEMICAL CORPORATION, 
PLASTICS DIVISION, RO.BOX 2365R. 
MORRISTOWN, NEW JERSEY 07960 
(201)455-5741

lied, micai
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S orb ito l is a  
^humectant.r#

And a darn good one, too. It’s also 
an econom^al, available extendec 
for glycerine and propylene glycol. 
And a great sweetener, of course.

On its own, Lonza 70% sorbitol'- 
USP is ideal for many applications* 
— it js a natural product, derived 
from dextrose and hydrogen, and 
usable in any product.

To find out how your product

cap benefit from sorbitol’ ĉotfdî  
tiohing properties, enlist the /  
services of Lonza’s technical Staff. 
We are longtime experts in 
sorbitol and will gladly share 
our expertise.

We are also longtime 
producers of sorbitol and offer 

r a steady, reliable supply of 
• c o n s is t e n t  q u a l i t y  a n d  p j u r i t y . ,

/

. . .

• *

Lonza m e an s  d e p e n d a b ility . ",
1791-7500 1
*/

Lon;i la  Inc .,22-10 Rout^208, Fair law.ru N. J. 07410/(201) 791-7500



F e l t o n

m a k e s  t h e  w o r l d  

s m e l l  b e t t e r .

The right fragrance can make the difference 
between being Number One or just me-too. 

A Felton fragrance makes a world of difference.

Felton International, Inc. Executive Offices: 
599 Johnson Ave., Brooklyn, N.Y. 11237. 
Manufacturing & sales around the world.

Australia • Canada • France • Great Britain • Hong Kong • Italy • Japan • Mexico • Spain • U.S.A. • Venezuela
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S H A W  M U D G E  &  C O M P A N Y
51 M A N O R  S T R E E T  S T A M F O R D  C O N N E C T IC U T  0 6 9 0 2

( 2 0 3 )  3 2 T - 3 1 3 2

P e rfu m e  C o m p o u n d e rs

Sales Offices and Representatives:
ATLANTA, BOSTON, CLEVELAND, LOUISVILLE, 
LOS ANGELES, SAN FRANCISCO.
Overseas Production and Inventory:
MEXICO CITY, LONDON, MANILA, TORONTO, 
MON-REAL.

C o m p l e t e  b a c k f i l e s  o f  t h e  S o c i e t y  o f  C o s m e t i c  
C h e m i s t s  J o u r n a l s  a r e  n o w  a v a i l a b l e  o n  1 6  o r  3 5  
m m .  m i c r o f i l m .  A d d r e s s  i n q u i r i e s  t o :

P r in c e t o n  M i c r o f i l m  C o r p .

A l e x a n d e r  R o a d  

P r in c e t o n , N . J .  0 8 5 4 0  

( 6 0 9 )  4 5 2 -2 0 6 6



Protocols for demonstrating IN VIVO . . .
• Product substantivity on human hair and skin
• Effects of products in the oral cavity, on the scalp
• Moisturizing and cleansing effects on skin

STRUCTURE PROBE, INC.
SPECIALISTS IN MATERIALS RESEARCH 

New York Area Philadelphia Area
230 Forrest Street, Metuchen, NJ 08840 535 East Gay Street, West Chester, PA 1938i
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c ap r1C

Please send information on Miranol's Surfactants 
for the following applications:.......................................

NAME
TITLE

CHEMICAL COMPANY. INC.

AS prime producer of non irritating balanced amphoteric surface
active agents, Miraiiol has over the years developed a worldwide market for 
its many derivatives, Today, mare than ever, our amphoteric surfactants 
can be found in ail types of formulations from industrial cleaners, household 
products, cosmetics, perfumes, topical pharmaceuticals, shampoos, fiber
softeners, to personal hygiene items, Gail us. . . .  we may be right for you too*

THE MIRANOL CHEMICAL COMPANY, INC. 
660 STUYVESANT AVENUE • IRVINGTON. N. J. 07111

880 STUYVESANT AVENUE * IRVINBTON, N, J, OTITI
PHSNfc Area Codö 2öt *  388*7868 

Agents is r&tìP** «flies ft«»#«** «urW Please attach to your letterhead

I
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SYNOPSES FOR CARD INDEXES

The following synopses can be cut out and mounted on 3x5 in. index cards for 
reference, without mutilating the pages of the Journal.

The stabilization of nonionic aerosol emulsions. Propellant additives: Paul A.
Sanders. Jo u rn a l o f the So ciety  o f C osm etic C hem ists 25, 581 (November 1974)

Synopsis—Previous work had shown that certain nonionic polyoxyethylene (POE) 
fatty ether—fatty alcohol complexes stabilized aerosol foams, but not the emul
sions from which the foams were obtained. These complexes were preformed in 
the aqueous phase prior to addition of the propellant. In this study, aerosol 
emulsions containing the complexes were prepared differently. Fatty alcohols 
were dissolved in the propellant, and the resulting solution was added to the 
aqueous surfactant phase. This method formed the nonionic surfactant—fatty 
alcohol complex directly at the propellant-water interface during addition of the 
propellant.

Adding fatty alcohols with the propellant increased emulsion stability with 
three POE fatty ethers. Three other POE fatty ether—fatty alcohol complexes 
failed to stabilize emulsions regardless of how the alcohols were added. The 
failure of these complexes was attributed to their high water solubility.

There was no apparent relationship between the properties of the nonionic 
aerosol emulsions and those of the foams. Whether or not the surfactant-alcohol 
complex stabilized the aerosol emulsion had little effect upon foam stability.

Formulating high-foaming cosmetic products: Irving R. Schmolka. Jou rn al o f the 
So ciety  o f C osm etic C hem ists 25, 593 (November 1974)
Synopsis—Obtaining valid comparative data on the foaming properties of a 
multitude of surface-active agents and then using these data to prepare accept
able finished cosmetic formulations is a problem frequently encountered by the 
cosmetic chemist.

An apparatus designed for measuring foam in the laboratory is described. 
The inexpensive equipment allows flexibility of operation, is simple to clean, 
and offers several other important advantages for objectively developing and 
evaluating high-foaming cosmetic products. Foam volumes are readily deter
mined. Comparative foam data, at 38°C, presented for dilute aqueous solutions 
of some leading commercially available nonionic and anionic foaming surfactants, 
show the latter group to be superior to the former class of compounds. The 
effects of varying the surfactant concentration are pointed out. Data are pre
sented showing the influence of mixing time and mixing speed. Additional vari
ables which alter foam heights are shown to include the presence of soil, thick
eners, and other additives. Increasing the viscosity of aqueous surfactant solutions 
is shown to have an effect on foam. Finally, comparative foam data are given 
for commercial high-foaming cosmetic products, including a bubble bath prep
aration, dentifrices, and shampoos.
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Microemulsions: Henri L. Rosano. Jo u rn a l o f the So ciety  o f C osm etic Chem ists 
25, 609 (November 1974)

Synopsis—Transparent emulsions are by definition called water-in-oil or oil-in - 
water microemulsions. Where the average diameter of the dispersed droplets is 
less than one quarter of the wavelength of the incident light, no light scattering 
will occur and the system will be transparent. The preparation of microemulsions 
and the formation and stabilization of such by phase diagram, NMR, and inter
facial tension measurements are reviewed. A new theory of the formation of these 
microemulsions based on interfacial diffusion of the surfactant or cosurfactant 
producing a temporary zero interfacial tension is presented.

Antiperspirants: New trends in formulation and testing technology: Eric Junger- 
mann. Jo u rn a l o f th e So ciety  o f C osm etic C hem ists 25, 621 (November 1974)
Synopsis—Aluminum chlorhydroxide has been the most widely used active 
ingredient in antiperspirant formulations. Recently, new chemicals, such as basic 
aluminum bromide, and combinations of aluminum, zirconium, and other metal 
salts have been introduced. In addition, new product forms are constantly being 
developed with different performance and cosmetic characteristics. The proper
ties of the new active ingredients and the new formulations are discussed with 
respect to formulation versatility, cosmetic elegance, and efficacy. General meth
ods used to evaluate staining potential, and deodorant and antiperspirant efficacy 
of these products are reviewed. A normal activity method for determining anti
perspirant efficacy is compared with a method based on a thermally controlled 
environment, and the results obtained with these two techniques are discussed.
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The Stabilization of Nonionic Aerosol 
Emulsions. Propellant Additives

PAUL A. SANDERS, Ph.D.®

Synopsis—Previous work had shown that certain nonionic POLYOXYETHYLENE (POE) 
FATTY ETHER-FATTY ALCOHOL COMPLEXES stabilized AEROSOL FOAMS, but 
not the EMULSIONS from which the foams were obtained. These complexes were pre
formed in the aqueous phase prior to addition of the PROPELLANT. In this study, 
aerosol emulsions containing the complexes were prepared differently. Fatty alcohols were 
dissolved in the propellant, and the resulting solution was added to the aqueous sur
factant phase. This method formed the nonionic surfactant—fatty alcohol complex directly 
at the propellant-water interface during addition of the propellant.

Adding fatty alcohols with the propellant increased emulsion STABILITY with three 
POE fatty ethers. Three other POE fatty ether—fatty alcohol complexes failed to stabilize 
emulsions regardless of how the alcohols were added. The failure of these complexes 
was attributed to their high water solubility.

There was no apparent relationship between the properties of the nonionic aerosol emul
sions and those of the foams. Whether or not the surfactant-alcohol complex stabilized 
the aerosol emulsion had little effect upon foam stability.

Introduction

Aerosol cosmetic and pharmaceutical foams have become increasingly pop
ular over the past decade. Commercial foam products include shaving lathers, 
skin moisturizers, colognes and perfumes, hair dressings, hair setting foams, 
body lotions, insect repellents, sunscreens, cleansing creams, depilatories, and 
medicated foams containing analgesics and antiseptics.

Most aerosol foams are formulated as oil-in-water emulsions. The lique
fied propellant usually constitutes the major portion of the dispersed phase. 
Most aerosol oil-in-water emulsions are formulated with anionic surfactants, 
such as the salts of the fatty acids. Adequate emulsion and foam stability can 
be achieved by designing the formulations so that molecular complexes are 
present. Molecular complexes are association compounds formed by the inter
action between surfactants and long chain polar compounds (1—5). The fact 
that these complexes increased both emulsion and foam stability (6) suggested 
a relationship between the properties of the anionic aerosol emulsions and 
their corresponding foams.

* Freon Products Laboratory, E. I. du Pont de Nemours & Co., Inc., Wilmington, Del. 
19898.
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A study of anionic aerosol emulsions using photomicrographic techniques, 
coupled with a comparison of the physical properties of the emulsions and 
foams, showed that the most stable emulsions with the smallest droplet size 
produced the most stable foams (7, 8). From a practical standpoint, this em
phasized the importance of concentrating on the properties of the emulsions 
as well as the foams when formulating aerosol foam products.

Nonionic surfactants, such as the polyoxyethylene ethers, are not satisfac
tory as a class as emulsifying agents for aerosol emulsions. Out of eight eval
uated, only two were found to provide adequate aerosol emulsion and foam 
stability. Addition of fatty alcohols to aerosols formulated with the other six 
surfactants caused a marked increase in foam stability, but in many instances 
emulsion stability was not improved (9). The poor emulsion stability of these 
systems limited the use of the polyoxyethylene fatty ether surfactants in aero
sols.

The fact that the POE fatty ether—fatty alcohol combinations increased 
foam stability but not emulsion stability indicated a lack of relationship be
tween emulsion and foam properties. This raised the question as to whether 
POE fatty ether—fatty alcohol combinations formed molecular complexes 
similar to the anionic surfactant—long-chain polar compound complexes stud
ied by Epstein e t  al. (2) and Goddard and Kung (3—5). Although there are no 
published analytical data to prove the existence of POE fatty ether—fatty al
cohol complexes, there is indirect evidence. Thus, Becher and Del Vecchio
(10) determined film drainage transition temperatures for several polyoxyethy
lene lauryl ethers in the presence of lauryl and cetyl alcohols. They regarded 
their curves illustrating the change in surface viscosity with temperature as 
being in the nature of melting point depression curves, possibly due to com
plex formation. Also, the stabilization of aerosol foams indicated that some 
type of interaction between the POE fatty ethers and fatty alcohols occurred 
19). In addition, many POE fatty ether—fatty alcohol combinations were high
ly pearlescent in the aqueous concentrate. The pearlescence was attributed to 
liquid crystal formation (11). This indicated an association between the non
ionic surfactants and fatty alcohols, i.e., complex formation.

The failure of the nonionic pearlescent complexes to stabilize aerosol emul
sions could be due both to the stability of the complexes and the method used 
for their preparation (11). In previous work, the complexes were formed in the 
aqueous phase before the addition of propellant by melting the mixture of 
surfactant and fatty alcohol and adding hot water. The aerosol propellant was 
pressure-loaded after the aqueous concentrate containing the pearlescent 
complex had cooled to room temperature.

If the complexes had a high molecular weight, as suggested by their pearles
cence, and were highly stable, they might not break up and collect at the pro
pellant-water interface after the propellant was added. The aerosol emulsion 
would then consist of a mixture of essentially unstabilized propellant drop
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lets and liquid crystalline surfactant—fatty alcohol complexes. Each would 
maintain its own individuality. A portion of the propellant probably would 
be solubilized in the interior of the complex. When the emulsion was dis
charged, disruption of the liquid crystal pearlescent structures could result 
from the turbulence created by vaporization of the propellant. This would be 
particularly true with solubilized propellant. The lower molecular weight 
fragments of the liquid crystal structure could then stabilize the foam. The 
fact that the foams were never pearlescent supports this explanation.

If the formation of the POE fatty ether—fatty alcohol complexes were de
layed until the propellant was added, emulsion stability might be increased. 
This could be achieved if the fatty alcohols were dissolved in the propellant 
before it was loaded instead of adding the alcohols to the aqueous phase ini
tially. Thus, when the propellant—fatty alcohol solution was added to the 
aqueous surfactant phase, the complex would be formed at the propellant- 
water interface during the addition of the propellant. If the complex were 
formed directly at the interface, an increase in emulsion stability might result. 
This approach for increasing the emulsion stability of nonionic aerosol emul
sions is the subject of the present paper.

Experimental 
C om p osition  o f  th e  A eroso ls

The aerosols had a composition of 90% aqueous phase containing a poly
oxyethylene fatty ether surfactant, a fatty alcohol or alcohol blend, and 10% 
Propellant 12/114* (40/60). The concentration of both the surfactant and 
the fatty alcohol or alcohol blend in the aerosol was 0.05 molar. This assumes 
that the surfactants and fatty alcohols had molecular weights corresponding 
to their empirical formulas. The molar ratio of surfactant to alcohol was 1:1.

P reparation  o f  th e  A eroso ls

The aerosols were prepared by two procedures. In the first, or standard 
method, the fatty alcohols and surfactant were heated to about 55°C. Water 
at the same temperature was added to the melted mixture with agitation. The 
aqueous mixture was cooled to room temperature with stirring and the pro
pellant was pressure loaded.

In the second procedure, the fatty alcohols were dissolved in the propellant 
initially. The solution of fatty alcohols and propellant was then added by 
pressure-loading to the aqueous phase containing the nonionic surfactant. 
The aqueous phase was prepared by heating the mixture of surfactant and 
water until the surfactant melted or dissolved. The aqueous phase was then 
allowed to cool to room temperature with stirring.

* Freon, E. I. du Pont de Nemours and Co., Inc., Wilmington, Del., was used as the 
propellant in this study.
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A c tiv e  In gred ien ts

N on ion ic  Surfactants

Seven polyoxyethylene fatty ether nonionic surfactants were used. They 
are listed below in Table I along with their HLB values (12) and water solu
bilities.

Table I
Nonionic Polyoxyethylene Fatty Ethers

Polyoxyethylene Fatty Ether“ HLB Value Solubility in Water

POE (4) lauryl ether 
POE (23) lauryl ether 
POE (2) cetyl ether 
POE (10) cetyl ether 
POE (20) cetyl ether 
POE (10) stearyl ether 
POE (20) stearyl ether
““Brij” surfactants, ICI America, Wilmington, Del.

F a tty  A lcoh ols  and A lco h o l B lends

Lauryl alcohol alone and blends of lauryl alcohol with myristyl, cetyl, and 
stearyl alcohol* were used in combination with the surfactants. A concentra
tion of fatty alcohols in the aerosols of 0.05 molar was desired to equal that of 
the surfactants. This could be achieved with individual alcohols if they were 
placed initially in the aqueous phase. However, when the alcohols were added 
with the propellant, an alcohol solubility of at least 10 g alcohol/100 g pro
pellant was needed. Only lauryl alcohol had this high a solubility, as shown 
by the data in Table II. Therefore, in order to include myristyl, cetyl, and 
stearyl alcohols in the test, it was necessary to use them in combination with 
lauryl alcohol. The lauryl alcohol functioned as a solubilizing agent for the 
other alcohols in the propellant.

9.7 Dispersible
16.9 Soluble
5.3 Insoluble

12.9 Dispersible
15.7 Soluble
12.3 Dispersible
15.3 Dispersible

Table II
Solubilities of Fatty Alcohols in Propellant 12/114 (40/60)

Solubility at 21° C (g/100 g Propellant)
Fatty Alcohol Soluble Insoluble
Lauryl alcohol >15
Myristyl alcohol 4 5
Cetyl alcohol 0.1 0.3
Stearyl alcohol 0.1 0.3

The solubility of mixtures of lauryl alcohol with myristyl, cetyl, and stearyl 
alcohols in Propellant 12/114 (40/60) is shown in Table III.

“Lauryl, cetyl and stearyl alcohols were obtained from the Procter & Gamble Co., Cin
cinnati, Ohio. They were coded CO-12/98S, CO-16/95, and CO-18/95, respectively. The 
myristyl alcohol was obtained from Eastman Chemical Products, Inc., Kingsport, Tenn.
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Table III
Solubility of Fatty Alcohol Blends in Propellant 12/114 (40/60)“

Solubility at 21 "C
Fatty Alcohol Blend Soluble Ratio Insoluble Ratio

(wt %) (wt %)

Lauryl/myristyl alcohols 1/9 0.1/9.9
Lauryl/cetyl alcohols 6/4 5/5
Lauryl/stearyl alcohols 8/2 7.5/2.5

“Tested at a concentration of 10 g of blend per 100 g of propellant.

On the basis of these results, the fatty alcohol blends selected for the experi
mental work were lauryl/myristyl (1/9), lauryl/cetyl (6/4), and lauryl 
stearyl (8 /2) .  The numbers in parentheses indicate weight per cent ratios.

E valuation  o f  A ero so l E m ulsions and F oam s

Emulsion and foam stability, foam stiffness, foam drainage, and density 
were measured using equipment and procedures reported previously (7, 8). 
Emulsion stability was determined visually by noting the time after shaking 
until phase separation became noticeable. The samples were shaken 20 times 
after preparation, allowed to stand overnight, and reshaken 20 times im
mediately before the measurement.

Foam stability is indicated in the tables in two ways. One is by the decrease 
in foam height that occurred 60 min after product discharge and the other is 
by the time required before first observable collapse of the foam was noted. 
The data were obtained by discharging the foams in front of a panel contain
ing horizontal lines spaced at Vi-in. intervals. By noting the initial height of 
the foam, any change in height with time could be determined.

Foam stiffness was measured with a Cherry-Burrell curd tension meter0 (7). 
Foam stiffness indicates the resistance of the foam to penetration by a curd 
knife. The stiffness values are reported in grams.

Foam density was determined by weighing a known volume of foam 1.5 
min after discharge. Foam drainage values were obtained by discharging the 
foam into a funnel positioned over a graduate. The quantity of liquid that 
drained during 60 min was measured.

Results

E m ulsion  and F oam  Stability

Forming the POE fatty ether—fatty alcohol complex at the propellant drop
let interface by adding the alcohol with the propellant increased the emulsion 
stability with three of the surfactants—POE (2) cetyl ether, POE (10) cetyl 
ether, and POE (10) stearyl ether. No increase in emulsion stability was ob
served with POE (23) lauryl ether, POE (20) cetyl ether, or POE (20) stearyl 
ether. This is shown in Table IV.

Cherry-Burrell Corp., Des Moines, Iowa.
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Table IV
Effect upon Emulsion Stability of Alcohols in Aqueous Phase vs. Propellant Phase

Phase
Initially

Containing

Emulsion Stability“
Fatty Alcohol or Alcohol Blend

Fatty Lauryl / Lauryl/ Lauryl/
POE Fatty Ester Alcohol Lauryl Myristyl Cetyl Stearyl

(1/9) (6/4) (8/2)

POE (2) cetyl A.queous 30—60 min >4 clays >4 days >4 days
Propellant >  16 hrs >4 days >4 days >4 days

POE (10) cetyl Aqueous < 1 min 1—5 min < 1 min <  1 min
Propellant 1—5 min >  24 hrs >24 hrs >24 hrs

POE (10) stearyl Aqueous 1—5 min 1—5 min 1—5 min 1—5 min
Propellant 1—5 min >24 hrs >  24 hrs >24 hrs

POE (4) lauryl 
POE (2.3) lauryl 
POE (20) cetyl 
POE (20) stearyl

All formulations gelled in container. Stability >24 hrs 
All less than 1 min 
All less than 1 min 
All less than 1 min

“Emulsion stability =  time to first observable phase separation.

The increase in emulsion stability with POE (2) cetyl ether was observed 
only with lauryl alcohol. The other POE (2) cetyl ether emulsions were all too 
stable to detect any differences, regardless of how the alcohols were added. 
When the aqueous phase contained POE (10) cetyl or stearyl ether, a marked 
increase in aerosol emulsion stability resulted when the fatty alcohols were 
added with the propellant. However, there was little effect with lauryl alcohol 
alone. This is not surprising. Lauryl alcohol complexes have been shown to be 
less effective in improving aerosol emulsion and foam properties in anionic 
systems than those with myristyl, cetyl, or stearyl alcohols (6).

The lack of a direct relationship between emulsion stability and foam sta
bility is shown in Table V. Although adding the fatty alcohol blends in the 
propellant increased emulsion stability with the three POE fatty ether sur
factants, there was no corresponding increase in foam stability. The differ
ences reported are not considered significant.

F oa m  D en sity

The density of the foams generally increased when the lauryl/myristyl, 
lauryl/cetyl, or lauryl/stearyl alcohol blends were added with the propellant. 
The data are given in Table VI. Again, there was essentially no effect with 
lauryl alcohol alone.

O th er  P rop erties

Stability, stiffness, and drainage were determined on all foams in duplicate. 
Variations did occur, but there was no consistent trend in any of the proper
ties to indicate that adding the alcohols in the propellant instead of the aque
ous phase had a significant effect. On the basis of the limited data available,
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Table V
Relationship between Aerosol Emulsion and Foam Properties

Emulsion Stability“ Foam Stability“

POE Fatty Ether

Alcohols
in

Aqueous
Phase

Alcohols
in

Propellant

Alcohols
in

Aqueous
Phase

Alcohols
in

Propellant
POE (2) cetyl ether

Lauryl alcohol 30—60 min >16 hrs 0 0
Lauryl/myristyl (1/9) >4 days >4 days 0 0
Laurvl/cetyl (6/4) >4 days >4 days 0 0
Lauryl/stearyl (8/2) >4 days >4 days 0 0

POE (10) eetyl ether
Lauryl alcohol <  1 min 1—5 min 29 33
Lauryl/myristyl (1/9) 1—5 min >24 hrs 22 21
Lauryl/cetyl (6/4) <  1 min >24 hrs 24 39
Lauryl/stearyl (8/2) <  1 min >24 hrs 25 39

POE (10) stearyl ether
Laurvl alcohol 1—5 min 1—5 min 13 24
Lauryl/myristyl (1/9) 1—5 min >24 hrs 23 25
Lauryl/cetyl (6/4) 1 —5 min >24 hrs 31 25
Lauryl/stearyl (8/2) 1—5 min >24 hrs 31 31

“Time to first observable phase separation. 
“Per cent decrease in height in 60 min.

Table VI
Effect upon Aerosol Foam Density of Adding Fatty Alcohols in the Propellant

Density (g/cc)
Fatty Alcohol or Alcohol Blend

Lauiyl / Lauryl / Lauryl /

Polyoxyethylene 
Fatty Ether

Lauryl Myristyl (1/9) Cetyl (6/4) Stearyl (8/2)

Aq.“ Prop.“ Aq. Prop. Aq. Prop. Aq. Prop.

POE (4) lauryl 0.094 0.100 0.076 0.086 0.081 0.077 0.070 0.135
POE (23) lauryl 0.063 0.062 0.070 0.135 0.062 0.072 0.058 0.064
POE (2) cetyl 0.086 0.108 0.125 0.24 0.14 0.18 0.090 0.14
POE (10) cetyl 0.067 0.063 0.067 0.089 0.070 0.086 0.066 0.072
POE (20) cetyl 0.077 0.068 0.100 0.125 0.068 0.098 0.065 0.071
POE (10) stearyl 0.072 0.069 0.076 0.102 0.071 0.106 0.069 0.098
POE (20) stearyl 0.071 0.065 0.095 0.135 0.078 0.115 0.066 0.085
“Alcohols initially in aqueous phase. 
“Alcohols initially in propellant.

it was concluded that any variations were the result of experimental error. It 
is possible that increasing the number of measurements might detect an effect 
not readily noticeable with duplicate determinations only.

Typical foam stability, drainage, and stiffness data obtained when the alco
hols were placed initially in the aqueous phase are given in Table VII. These
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Table VII
Aerosol Foam Properties 

(Alcohols in Aqueous Phase)

Polyoxyethylene Fatty Ether

Foam Property

POE
(4)

Lauryl

POE
(23)

Lauryl

POE
(2)

Cetyl

POE
(10)

Cetyl

POE
(20)

Cetyl

POE
(10)

Steaiyl

POE
(20)

Stearyl
Stability (% decrease in 

60 min)
Lauryl alcohol 67 39 0 29 33 13 27
Lauryl/myristyl (1/9) 40 7 0 12 19 13 19
Lauryl/cetyl (6/4) 43 18 0 24 11 31 28
Lauryl/stearyl (8/2) 67 28 0 25 24 31 38

Drainage (% in 60 min)
Lauryl alcohol 79 34 0 33 2 51 38
Lauryl/myristyl (1/9) 18 0 0 0 1 0 0
Lauryl/cetyl (6/4) 51 1 0 0 3 0 2
Lauryl/stearyl (8/2) 74 29 0 17 13 0 25

Stiffness (g)
Lauryl alcohol 7 54 12 30 38 21 40
Lauryl/myristyl (1/9) 26 79 58 65 60 49 53
Lauryl/cetyl (6/4) 18 49 52 47 53 55 46
Lauryl/stearyl (8/2) 12 38 30 41 51 41 39

data are presented to illustrate the general magnitude of the values. The re
sults obtained when the alcohols were added with the propellant were similar.

The lauryl/myristyl (1/9) blend gave foams with the best stability, the 
least drainage, and the highest stiffness in the majority of cases. This blend 
provides the highest concentration of fatty alcohol other than lauryl. Previous 
work on the effect of molecular complexes upon aerosol foam properties had 
shown that lauryl alcohol was the least effective of the four fatty alcohols in 
improving foam properties (6, 9).

D iscussion

Previous work had shown that when certain polyoxyethylene fatty ether- 
fatty alcohol complexes were preformed in the aqueous phase, they stabilized 
aerosol foams but not the initial emulsions. Data illustrating this, summarized 
from Reference 9, are given in Table VIII. The surfactants that failed to stabi
lize the aerosol emulsions in combination with fatty alcohols were POE (23) 
lauryl ether, POE (10) cetyl ether, POE (20) cetyl ether, and POE (20) stearyl 
ether. POE (10) stearyl ether should probably be included in this group be
cause the increase in emulsion stability was marginal compared to the foam 
stability.

In the present investigation, increased emulsion stability was obtained with 
POE (2) cetyl ether when lauryl alcohol was added with the propellant. Since 
POE (2) cetyl ether by itself gives fairly stable emulsions, it is not surprising 
that lauryl alcohol, normally rather ineffective, would show an effect with
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Table VIII
Relationship between Aerosol Emulsion and Foam Stability“ 

Polyoxyethylene Fatty Ether

Emulsion Stability6
POE (4) 
Lauryl

POE (23) 
Lauryl

POE (10) 
Cetyl

POE (20) 
Cetyl

POE (10) 
Stearyl

POE (20) 
Stearyl

No alcohol <  1 min < 1 min <  1 min <  1 min <  1 min < 5 min
Lauryl >  30 min <  1 min <  1 min < 1 min <  1 min <  5 min
Myristyl >  30 min <  1 min < 1 min <  1 min 15—30 min <  5 min
Cetyl >  30 min < 1 min < 1 min < 1 min 5—15 min <  5 min
Stearyl >  30 min <  1 min < 1 min < 1 min 15—30 min <  5 min
Foam Stability'
No alcohol <  5 min < 5 min <  15 min <5 min <15 min < 5 min
Lauryl 30—60 min 15—30 min 30—60 min >2 hr 30—60 min >2 hr
Myristyl >2  hr >2 hr >2 hr >2 hr >2 hr >2 hr
Cetyl >2 hr >2 hr >2 hr >2 hr >2 hr >2 hr
Stearyl >2 hr >2 hr > 2  hr >2 hr >2 hr > 2 hr

“From (9); aerosols formulated with 90% aqueous concentrate and 10% Propellant 12/114 
(40/60).

“Time to first observable phase separation.
“Time to first observable collapse.

POE (2) cetyl ether. The other emulsions with POE (2) cetyl ether were very 
stable, regardless of how the alcohols were added.

A major increase in emulsion stability was obtained with POE (10) cetyl 
ether and POE (10) stearyl ether systems by adding the alcohol blends with 
the propellant. The surfactant—fatty alcohol complexes were formed at the 
propellant-water interface and stabilized the emulsions. The general structure 
of the complexes formed directly at the propellant droplet interface undoubt
edly differs from that of complexes preformed in the aqueous phase.

The increase in emulsion stability obtained by adding fatty alcohols with 
propellant occurred with the three POE fatty ethers with the lower HLB val
ues (5.3—12.9). This indicates the complexes had a low affinity for water. They 
probably function at the interface as solid stabilizers. Previous work had 
shown that the most efficient stabilizers were insoluble in both the aqueous 
and propellant phases at use concentrations (13). However, it is necessary for 
the stabilizers to be wetted by both phases in order to be attracted to the pro
pellant-water interface (14). The present work supports this generalization.

The fatty alcohol complexes with POE (23) lauryl ether, POE (20) cetyl 
ether, and POE (20) stearyl ether failed to stabilize the emulsions regardless 
of whether the alcohols were added with the propellant or were present ini
tially in the aqueous phase. A reasonable explanation for this is that the sur
factant-alcohol complexes were too water-soluble to act as solid stabilizers. 
These surfactants all have high HLB values (15.3—16.9). Thus, even when the 
complexes were formed directly at the propellant droplet—water interface by
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addition of the alcohols with propellant, the complexes apparently left the 
interface and migrated to the bulk phase, leaving the propellant droplets un
stabilized.

The reason surfactant—fatty alcohol complexes stabilize foams, regardless 
of their effect upon the emulsions, has not been clarified. Possibly, vaporiza
tion of solubilized propellant during product discharge disrupts the oriented 
liquid crystal complex structure. Disruption could occur even by the turbu
lence created when nonsolubilized propellant vaporized.

Foam stabilization could also result from the increase in viscosity of the 
aqueous phase caused by the complexes. This would decrease the rate of 
drainage. The effect of molecular complexes in increasing the viscosity of the 
aqueous phase is well known.

The present study has several aspects of significance to the cosmetic indus
try. In the first place, the results re-emphasize that the method of preparing 
an emulsion can profoundly affect emulsion properties. A number of cosmetic 
products have failed because of poor emulsion stability. Many of these might 
have been successful if the method of preparation of the emulsion had been 
examined in more detail.

The increase in emulsion stability obtained by adding fatty alcohols in the 
propellant provides additional evidence that complexes or association com
pounds are formed between the alcohols and polyoxyethylene fatty ethers. 
The water affinity of the surfactant, as judged by its HLB value, and the type 
of fatty alcohol are important factors in the ability of the surfactant-alcohol 
complex to stabilize an emulsion.

Although propellants containing fatty alcohols or other complexing agents 
are not commercially available at present, they are a future possibility. Pro
pellants containing additives specifically designed for the preparation of cos
metic emulsion and foam products would have many attractive features. Such 
propellant blends might well permit the development of new cosmetic aerosol 
products.

Conclusions

The effectiveness of polyoxyethylene fatty ether—fatty alcohol complexes as 
stabilizers for aerosol emulsions depends upon their method of formation, 
solubility in water, and structure. Several POE fatty ether—fatty alcohol com
binations that failed to stabilize aerosol emulsions when premixed in the 
aqueous phase prior to addition of propellant produced stable emulsions when 
the complex was formed directly at the propellant-water interface. The latter 
was achieved by adding the alcohol dissolved in the propellant to the aqueous 
surfactant phase. The POE fatty ethers that showed this effect had HLB 
values ranging from 5.3 to 12.9.

Three POE fatty ether—fatty alcohol complexes failed to stabilize emul
sions regardless of how the complex was formed. The inability of these com
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plexes to stabilize the emulsions was attributed to their high water solubility. 
These POE fatty ethers had HLB values from 15.3 to 16.9.

Whether or not the nonionic surfactant—fatty alcohol complexes stabilized 
emulsions had little effect upon foam stability. This indicates a lack of rela
tionship between the properties of the POE fatty ether emulsions and their 
corresponding foams. The stabilization of the aerosol foams by the complexes 
regardless of their effectiveness as emulsion stabilizers probably results both 
from an increase in the viscosity of the aqueous phase due to a surfactant-al
cohol complex and disruption of the initial stable complex by the vaporizing 
propellant when the product is discharged.

(Received November 13, 1973)
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Synopsis—Obtaining valid comparative data on the FOAMING PROPERTIES of a 
multitude of SURFACE-ACTIVE AGENTS and then using these data to prepare ac
ceptable finished COSMETIC FORMULATIONS is a problem frequently encountered 
by the cosmetic chemist.

An APPARATUS designed for MEASURING foam in the laboratory is described. 
The inexpensive equipment allows flexibility of operation, is simple to clean, and offers 
several other important advantages for objectively developing and evaluating high- 
foaming cosmetic products. Foam volumes are readily determined. Comparative foam 
data, at 38° C, presented for dilute aqueous solutions of some leading commercially 
available NONIONIC and ANIONIC foaming SURFACTANTS, show the latter group 
to be superior to the former class of compounds. The effects of varying the surfactant 
concentration are pointed out. Data are presented showing the influence of mixing time 
and mixing speed. Additional variables which alter foam heights are shown to include 
the presence of soil, thickeners, and other additives. Increasing the viscosity of aqueous 
surfactant solutions is shown to have an effect on foam. Finally, comparative foam data 
are given for commercial high-foaming cosmetic products, including a bubble bath 
preparation, dentifrices, and shampoos.

Introduction

The task of developing high-foaming cosmetic products is a problem often 
encountered by the cosmetic chemist. High-foaming products can encompass 
cosmetics and toiletries as diverse as shampoos, bubble baths, shave creams, 
dentifrices, skin cleansers, etc. The bench chemist who is given the important 
assignment of developing a new, improved high-foaming cosmetic formula
tion is faced with the formidable task of defining the term high-foaming. The 
formulation chemist needs objective guidelines. It should be emphasized that 
there are many criteria for the development of commercially successful high- 
foaming cosmetic products, but for the purpose of this study, attention will be 
focused on only one aspect, and that is “foam.”

°BASF Wyandotte Corp., Wyandotte, Mich. 48192.
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The literature describes many methods and equipment for generating and 
measuring foam and also indicates that the well-known standard Ross-Miles 
(1, 2) test is still used, while other investigators have used more sophisticated 
apparatuses (3—5).

In order to evaluate new surfactants in comparison with well-known 
anionics, such as sodium lauryl sulfate, an apparatus which would meet cer
tain requirements was needed. Such requisites include: (a) inexpensive, so 
that the smallest laboratory would be able to afford it; ( b ) simple to operate, 
so that a great deal of operator training would not be required; (c) easy to 
clean, so that downtime for cleaning would not keep the apparatus tied up 
excessively or require extensive dismantling; (d) mobile, so that it could be 
moved from the laboratory to a storage space when not needed; (e) repro
ducible, to be able to give data reproducible from one day to the next and 
from one operator to the next ( this could also serve to eliminate the depen
dency on one particular operator); (f) flexible, to be readily adaptable for 
varying concentrations of active ingredients, varying types of foaming prod
ucts, varying water hardnesses, varying temperatures, varying soils where 
needed, and varying energy input, such as one gets by varying the rpm of a 
mixer. This latter point cannot be overemphasized. When teeth are brushed 
with an electric toothbrush, for example, the amount of foam generated is 
greater than when the same teeth are brushed by hand. Similarly, consider 
the Ross-Miles foam test, where the only energy input is that of the potential 
energy of part of the liquid falling onto the rest of the liquid. Contrast this 
energy level with that developed by a Sunbeam Mixmaster, at a speed of 720 
rpm, which was one laboratory method used (4) to develop foam for shampoo 
evaluation. Then consider the energy input which humans generate, who 
shampoo their own hair with their hands. No person has yet been encountered 
who massages his hair at 720 rpm for 1 min, much less 3 min. ( g ) If all these 
previous points are met, there is still one further criterion, and that is, the re
liability of the data. The data obtained must show good correlation with ac
tual use conditions.

Experimental and Results

Sorkin and coworkers mentioned the use of a glass cylinder with a device to 
revolve or agitate it, but gave no details as to its construction (6). It is sug
gested that the cosmetic industry standardize on a piece of equipment for 
measuring foam and possibly the apparatus described below could be the 
standard.

The instrument, which was used in these experiments, is referred to as the 
Bacon machine (7). The cost of all parts, exclusive of a stop-watch or a clock 
used as a timer, a standard mixing cylinder usually found in the laboratory, 
and exclusive of labor was about $150, in 1974. The essential features include: 
accurately mounting a mixing cylinder containing the foaming solution to 
rotate in a vertical plane at a fixed speed; a method to stop the cylinder, by a
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magnetic brake acting in the vertical position, suitable for instant reading of 
foam and liquid volumes; welding glass lugs to the cylinder, so that the glass 
stopper may be fastened to the cylinder by means of rubber bands.

One piece of auxiliary equipment needed is a water bath. Since the pri
mary concern was with foaming products designed for use on or in the human 
body, a temperature of 38°C was used in obtaining all the data. Any water 
bath large enough to hold one or more mixing cylinders would be suitable 
and is a standard piece of equipment generally found in all laboratories.

One other requirement is stopcock grease,5 to provide a tight seal for the 
cylinder stopcock. During the course of this investigation, a high-vacuum 
silicone lubricant was inadvertently used. It played havoc with the foam data, 
as the lubricant was brushed down with a test tube brush into the cylinder in 
the course of cleaning out the cylinder after each run. All these data were dis
carded and this word of caution is made against using any silicone-containing 
stopcock grease for this apparatus.

The cylinder is placed in the clamp holders so that the 500-ml mark of a 
1000-ml cylinder is exactly at the center of rotation, which is marked on the 
clamp-holder support. The equipment is flexible enough so that either a 500- 
ml or 1000-ml mixing cylinder can be used. However, the experiments were 
carried out with the larger cylinders. To minimize variations in data, cylinders 
of the same weight were selected since a heavier cylinder will rotate a little 
more slowly than a lighter cylinder, at the same voltage setting.

In the preliminary experiments, certain variables were fixed for initial 
screening tests. These included the concentration of active ingredient. It was 
decided, after conferring with a number of other cosmetic chemists, to use a
0. 2% active solution, although data will be presented at other concentration 
levels. Whereas adjustments in speed can be made by changing line voltage 
with a variable transformer, all data, unless otherwise specified, are at 26 rpm. 
The time of rotation can be varied but this was arbitrarily fixed at 1 min, since 
it was thought it would most closely approximate consumer habits. As an al
ternative to presenting data in terms of milliliters of foam volume, it is pos
sible to permanently record foam quantity and stability by taking Polaroid 
pictures of the cylinder and its contents at given time intervals. The procedure 
followed was to place 200 ml of solution into the cylinder, and immerse the 
Cylinder in the water bath at 38°C for 1 hour. The water level in the water 
bath was maintained at a height above the height of the solution in the cyl
inder. The cylinder was then mounted in the set of clamps in a vertical posi
tion and the rotation started for 1 min. Foam height and liquid level were 
read immediately upon cessation of rotation, and liquid level was subtracted 
from total volume to give foam volume. The same data were recorded after
1, 2, 3, 4, and 5-min periods. However, only part of these data are presented 
here.

“ C elloseal, Fisher Scientific, Inc., Pittsburgh, Pa.
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T a b l e  I

F o a m  V o lu m e s  (m l)  o f  A n i o n i c  S u r fa c t a n t s , 0 .2 %  A c t i v e ,  Tap W a t e r “

I n it ia l 2  M in 5  M in 2 - M i n  %  R e t e n t io n

S o d iu m  la u r y l  s u l fa t e 9 7 5 7 6 5 7 0 5 7 8
a -O le f in  s u l fo n a te 9 3 0 7 5 5 7 5 0 8 1
S o d iu m  la u r y l  e t h e r  s u lfa te 1 0 3 0 8 3 0 8 0 0 8 1
S o d iu m  la u r o y l  s a r c o s in a te 3 3 0 2 3 0 2 0 5 7 0
S o d iu m  a lk y l  s u l f o a c e t a t e 8 7 0 6 8 0 6 5 0 7 8

" 6 .5  g r a in s  p e r  g a l l o n  h a r d n e s s .

In Table I, data are presented for some commercially available anionic sur
factants in 6.5 grains per gallon hardness tap water. Three sets of numbers are 
presented. It is believed that greater emphasis should be placed on foam data 
shown in the two columns on the left, since the 5-min data, while interesting 
in revealing foam stability, which is of interest for bubble bath applications, 
are not reflected in actual use conditions (for example, brushing one’s teeth 
or in shampooing one’s hair).

The foam data do show that the sodium salt of lauryl ether sulfate is slightly 
better, under the conditions of this test procedure, than the a-olefin sulfonate, 
the sodium lauryl sulfate, or the sodium alkyl sulfoacetate and all four are 
markedly superior to the sodium lauroyl sarcosinate. The data in the column 
on the right are obtained by dividing the 2-min foam volume by the initial 
foam volume and multiplying by 100. This value is a measure of the foam sta
bility over the first 2 min. These data indicate that there is little difference 
among the foam stabilities of the top four leading foaming anionic surfactants 
evaluated.

In reading the foam heights, one places a fingernail at the average upper 
foam level immediately while reading the level of the liquid/foam interface. 
At times some estimation is required due to irregular levels of pockets of air 
developing during aging. To determine reproducibility of the data, the same 
solution was transferred to each of several cylinders and foam volumes were 
measured. The data shown in Table II indicate the reproducibility which 
may be obtained using this test procedure.

This equipment can also be used to measure speed of foam production. 
Thus, if one had set as his primary criterion the minimum time to develop a 
specific volume of foam, it is simple to prepare solutions, transfer equal 
amounts to a group of cylinders, rotate each cylinder for a different length of 
time, and then plot foam volume versus time of rotation. The data in Table III 
show that the effect of varying the time of rotation from 1 to 5 min is to in
crease the amount of foam generated. It is important to note that the percent
age increase for each surfactant in extending the rotation time, as shown by 
the figures in the right hand column, is markedly different. This emphasizes 
the importance of developing a test procedure which closely approximates use 
conditions, so as to get valid experimental data.
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T a b l e  I I

R e p r o d u c i b i l i t y  o f  F o a m  D a t a  
( F o a m  V o lu m e s ,  m l, a t  2 6  r p m )

C o m p o u n d  A A v e r a g e
I n it ia l 6 2 5 6 2 5 6 3 0 6 4 0 6 3 0 6 3 0  ±  1 2
2  m in u t e s 4 6 0 4 6 0 4 7 0 4 9 0 4 7 0 4 7 0  ±  2 5
5  m in u t e s 4 4 0 4 4 0 4 5 0 4 7 0 4 4 0 4 5 0  ±  2 6

C o m p o u n d  B
I n it ia l 6 2 0 6 3 0 6 4 0 6 3 0 630 ±  14
2  m in u t e s 5 0 5 4 8 0 4 9 5 4 8 0 4 9 0  ±  2 1
5  m in u t e s 4 5 0 4 5 0 4 7 5 4 5 0 4 5 5  ±  2 2

T a b l e  I I I

F o a m  V o lu m e s  (m l) ,  w i t h  I n c r e a s in g  R o t a t io n  T i m e

T i m e  (m in )

1 2 3 4 5 %  I n c r e a s e

C o m p o u n d  A
I n it ia l 3 3 0 3 7 0 4 4 0 4 3 0 4 6 0 3 9

2  m in u t e s 2 3 0 2 6 5 2 8 5 3 0 5 3 2 0 3 9
5  m in u t e s 2 0 5 2 5 0 2 8 0 2 9 0 3 0 0 4 6

C o m p o u n d  B

I n it ia l 5 2 0 5 3 0 6 3 0 8 0 0 9 0 0 9 2

2  m in u t e s 3 6 5 3 5 5 4 6 0 6 4 0 6 9 0 8 9

5  m in u t e s 3 0 5 3 2 0 4 4 0 6 0 0 6 4 0 1 1 0

If one were concerned with flash foam , the cylinder could  be rotated for
just a few  seconds and a series o f photographs taken im m ediately to capture
the data permanently. Those questions concerned with foam texture could 
also be answered with a series of photographs. A group of commercially avail
able high-foaming nonionic surfactants was then selected and foam data were 
measured by this procedure. The data are shown in Table IV. It is obvious 
that the foam volumes of the best nonionic surfactants do not approach 
those of the best anionic surfactants, shown previously. Again, the 2-min 
foam stability is shown by the value in the column on the right.

In addition, a few amphoteric surfactants were evaluated in a similar 
fashion, as shown in Table V. The best amphoterics give foam volumes inter
mediate between the best anionic and the best nonionic surfactants. Although 
the equipment was set to run at 30 rpm with an empty cylinder, with a load of 
200 ml of solution in the cylinder, a speed of only 26 rpm developed. The ef
fect of varying the speed, by adjusting the transformer setting, is shown in Ta
ble VI. As expected, the greater the rpm of the cylinder, the higher the foam
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F o a m  V o lu m e s  (m l)  o f
N o n i o n i c  S u r fa c t a n t s , 0 .2 %  A c t iv e ,  T a p  W a t e r ”

I n it ia l 2  M in 5  M in  2 - M i n %  R e t e n t io n

F a t t y  a l c o h o l  6 0 %  E O 5 7 0 4 6 5 3 9 0 8 2

F a t t y  a l c o h o l  +  1 2  m o le  E O 3 5 0 3 1 0 1 8 5 8 9

F a t t y  a l c o h o l  6 0 %  E O 4 9 0 3 8 5 3 7 5 7 9

T r i d e c y l  a l c o h o l  +  1 5  E O 6 2 0 4 8 0 3 0 0 7 8

S e c o n d a r y  f a t t y  a l c o h o l  +  9  E O 7 0 0 5 3 0 1 0 0 7 6

t - O c t y l  p h e n o l  +  9  E O 5 6 0 4 5 5 4 2 0 8 1

P o l y s o r b a t e  8 0 2 3 0 1 0 0 5 0 4 4

"6 .5  g r a in s  p e r  g a l l o n  h a r d n e s s .

T a b l e  V

F o a m  V o lu m e s  (m l)  o f
A m p h o t e r i c S u r fa c t a n t s , 0 .2 %  A c t iv e ,  T a p  W a t e r "

I n it ia l 2  M in 5  M in  2 - M i n  %  R e t e n t io n

M o d i f i e d  c y c lo in r id in e 8 4 0 7 0 5 6 8 5 8 4
S u b s t i tu te d  im id a z o l in e 7 0 0 5 8 5 5 5 0 8 5

S u l f o n a t e d  a m id e 5 3 0 3 8 5 3 3 0 7 3

O le y l  b e t a in e 5 0 0 3 S 5 3 5 0 7 7

C o c o  b e t a in e 8 6 0 7 0 5 6 5 0 8 2

" 6 .5  g r a in s  p e r  g a l lo n  h a r d n e s s .

T a b l e  V I

E f f e c t  o f  r p m  o n  F o a m  V o lu m e

F o a m  V o lu m e  (m l)

I n it ia l 2  M in 5  M in

A . N o n i o n i c  2 0  r p m 5 0 0 4 0 0 2 9 5
4 0  r p m 7 0 0 4 5 0 3 4 5
%  in c r e a s e 4 0 1 3 17

B . A n i o n i c  2 0  r p m 8 0 0 7 0 0 6 0 0
4 0  r p m 1 0 0 0 8 5 5 7 9 5
%  in c r e a s e 2 5 2 2 3 2

volume that was generated. A comparison of the per cent increase between 
the two surfactants studied clearly shows that not all surfactants are affected 
equally by an increase in speed of rotation of the cylinder. These data again 
emphasize the fact that foam volumes depend entirely upon the energy input.
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T a b l e  V I I

C o m p a r i s o n  o f  B a c o n  a n d  B o s s -M ile s  F o a m  D a t a  
( T a p  W a t e r ,  0 .2 % , 3 8  ° C " )

B a c o n (m l) R o s s -M ile s (m m )

I n it ia l 5  M in I n it ia l 5  M in

A n io n ic

S o d iu m  la u r y l  s u l fa t e 9 7 5 7 0 5 1 7 0 1 5 0
a - O le f in  s u l fo n a t e 9 3 0 7 5 0 1 6 0 1 4 5
S o d iu m  la u r y l  e t h e r  s u l fa t e 1 0 3 0 8 0 0 1 7 0 1 4 0
S o d iu m  la u r y l  s a r c o s in a t e 3 5 0 2 0 5 1 0 5 2 0

N o n i o n i c

T r i d e c y l  a l c o h o l  +  1 5  E O 6 2 0 3 0 0 1 6 0 8 0
F a t t y  a l c o h o l  +  1 2  E O 3 5 0 1 8 5 1 3 0 2 0
F a t t y  a l c o h o l  6 0 %  E O 5 7 0 3 9 0 1 1 0 8 0
P o ly s o r b a t e  8 0 2 3 0 5 0 5 0 4 0
P o l o x a m e r  2 3 7 1 5 0 2 5 1 1 0 8 5
f - O c t y l  p h e n o l  +  9  E O 5 6 0 4 2 0 1 4 0 3 0
F a t t y  a l c o h o l  6 0 %  E O 4 9 0 3 7 5 1 0 0 4 5

“T a p  w a t e r  h a r d n e s s  =  6 .5  g r a in s  p e r  g a l lo n .

The energy input of a test procedure must closely approximate actual use 
conditions in order to get data that are meaningful.

Because the Ross-Miles foam test is so widely used, it was decided to see 
what correlation, if any, would be obtained from foam data using the Ross- 
Miles equipment, in comparison with the Bacon apparatus. (All Ross-Miles 
data are an average of two test runs.) The data in Table VII show that there 
is only partial correlation between data obtained from the two methods, 
especially among the nonionics. This again indicates the importance of evalu
ating any foam system under laboratory conditions which most closely ap
proximate those of actual usage.

The effect of varying the concentration of surfactant ingredient is shown in 
Table VIII. As expected, both surfactants show a marked increase in foam 
volume as their concentrations increase. When one obtains high values, such 
as shown for the 5% solution of Surfactant A, it is apparent that the upper 
linrt of capacity is being reached, and figures above 1100 are not very 
accurate, due to limitation of the equipment. In this same table, the effect of 
water hardness may be clearly seen. The anionic surfactant shows a significant 
increase in the foam volume in distilled water, as compared to tap water, 
whereas the foam volumes generated by the nonionic surfactant are essen
tially the same in the two water hardnesses. These data are to be expected.

In developing shampoo formulations, the effects of natural sebum soil upon 
the hair have to be considered. With bubble bath products, skin wastes and 
natural soils can be expected to have an adverse effect upon foam. For tooth-
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T a b l e  V I I I

F o a m  V o lu m e s  (m l)  a t V a r y i n g  C o n c e n t r a t io n s

T a p  W a t e r

% I n it ia l  2  M in 5  M in

A . 5 .0 1 1 6 0 1 0 1 0 8 0 0

A n i o n i c 1 .0 8 2 0 6 5 5 5 5 0
0 .2 5 9 5 5 6 5 5 1 0
0 .1 5 5 0 4 0 5 4 0 0

B . 5 .0 8 6 0 6 6 0 5 0 0
N o n i o n i c 1 .0 8 0 0 5 8 5 4 5 5

0 .2 5 5 0 4 6 5 3 5 0
0 .1 4 3 0 3 0 5 3 0 0

D i s t i l l e d  W a t e r

A . 1 .0 1 1 4 0 9 0 5 6 0 0
A n i o n i c 0 .2 9 2 0 7 6 0 5 5 0

B . 1 .0 7 8 0 6 0 5 4 5 0
N o n i o n i c 0 .2 5 3 0 4 0 0 3 5 0

paste, the effects of saliva and residual food soils have to be considered. How
ever, under normal circumstances, these adverse effects on foam are generally 
negligible.

Various synthetic soils have been proposed for evaluating shampoos in the 
laboratory, including synthetic sebum, oleic acid, mineral oil, etc. Of these, it 
was decided to consider the effects of the first. Using the formulation 
published by Barnett and Powers (8), a synthetic sebum was prepared and its 
effect on the foam properties of various surfactants was studied. The data, 
shown in Table IX, indicate the vast superiority in foam properties of anionic 
surfactants in the presence of this soil, compared to nonionic surfactants. One 
amphoteric, a cycloimidine, gave foam volumes comparable to that produced 
by the a-olefin sulfonate under these same conditions. Thus, if the prepara
tion of a high-foaming shampoo is one’s objective, these data indicate the in
clusion of some anionic or amphoteric surfactant in the formulation would 
be necessary. It is suggested that these data reflect the ability of the surfact
ant to emulsify the synthetic sebum and thus prevent its ability to act as a 
defoamer. By way of comparison, data are shown in Table X, for four leading 
commercial shampoos at 10% and 20% dilution, showing their foam proper
ties in the presence of 3% of sebum soil.

Many ingredients go into a finished foaming cosmetic product, other than 
a surfactant and water. These minor ingredients are used to impart specific 
properties, and are generally referred to as additives. Each of these in
gredients could, and most likely does, have an effect upon the foam properties.
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T a b le  I X

F o a m  V o lu m e s  (m l)  in  P r e s e n c e  o f  3 %  S e b u m  S o il ,  in  T a p  W a t e r "

S u r fa c t a n t  C o n c e n t r a t io n  (% )

2 .0  5 .0  1 0 .0

S o d iu m  la u r y l  s u l fa t e I n it ia l 6 0 0 7 5 0 9 0 0
2  m in 4 6 5 6 1 0 7 5 0
5  m in 4 5 0 5 8 0 7 1 5

a -O le f ln  s u l fo n a t e I n it ia l 3 0 0 6 5 0
2  m in 1 7 5 4 5 0
5  m in 1 7 5 4 2 0

S o d iu m  la u r y l  e t h e r  s u l fa t e I n it ia l 1 0 0 4 2 0
2  m in 8 0 2 8 0
5  m in 8 0 2 7 0

T r i d e c y l  a l c o h o l  +  1 5  E O I n it ia l 1 0 3 0
2  m in 10 1 0
5  m in 10 1 0

f - O c t y l  p h e n o l  +  9  E O I n it ia l 1 0 4 8 0
2  m in 1 0 3 2 0
5  m in 1 0 2 3 0

F a t t y  a l c o h o l  +  1 2  E O 0 0

M o d i f i e d  c y c l o i m i d i n e I n it ia l 3 8 0 6 3 0
2  m in 2 5 0 5 2 0
5  m in 2 3 5 4 7 0

" 6 .5  g r a in s  p e r  g a l l o n  h a r d n e s s .

It is beyond the scope of this paper to consider all possible additives in great 
detail and their effects upon foam. It should suffice to point out that minor 
adjustments such as only a change in pH, or the addition of an essential oil, 
without which many products would be doomed to marketing failure, could 
be enough to change foam volumes. Bubble baths are relatively simple to 
formulate, but shampoos and especially dentifrices, on the other hand, are 
more complex formulations, as will be described later.

A few of the more widely used cosmetic additives were selected and stu
died for their effects upon the foam properties of an anionic surfactant and a 
noironic surfactant. It was obviously impossible to study every commercially 
available additive and every surfactant. The effect of the additive upon the 
viscosity of the product was also of interest, since some formulators believe 
that one can increase the foam volume of an existing product merely by in
creasing its viscosity. The data, in Table XI, show the effect of 0.2% additive
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T a b l e  X

F o a m  V o lu m e s  (m l )  o f  C o m m e r c ia l  S h a m p o o s  
in  P r e s e n c e  o f  3 %  S y n t h e t ic  S e b u m  S o il

D i l u t i o n  ( % )

20 10

P r o d u c t  A I n it ia l 6 0 0 5 7 0

2  m in 4 5 0 4 0 5

5  m in 4 3 5 4 0 0

P r o d u c t  B In it ia l 6 4 0 5 7 0
2  m in 4 8 5 4 3 0

5  m in 4 6 0 4 1 0

P r o d u c t  C I n it ia l 5 8 0 5 0 0

2  m in 4 3 5 3 4 5
5  m in 4 2 5 3 3 0

P r o d u c t  D I n it ia l 6 2 5 5 1 0

2  m in 4 7 0 3 3 0
5  m in 4 5 0 3 1 0

T a b l e  X I

E f f e c t  o f  A d d i t iv e s  o n  F o a m  a n d  V is c o s i t y  o f  S u r fa c ta n ts
( 2 %  S u r fa c t a n t , 0 .2 %  A d d i t i v e ,  1 0 0  m l)

F o a m  V o lu m e  (m l)

I n it ia l 2  M in 5  M in V is c o s i t y  ( c p s )

A n i o n i c  c o n t r o l 6 5 5 5 6 0 4 7 5 3 .1
4 -  c e t y l  a l c o h o l 6 0 0 5 3 5 5 0 5 3 .4
+  C M C 6 5 0 5 6 0 4 7 0 4 .1
-f- a lk a n o la m id e 7 2 0 6 0 5 4 7 5 3 .5
+  a m in e  o x id e 6 9 0 5 8 0 5 5 0 3 .5
+  s o d iu m  c h lo r id e 6 5 0 5 6 5 4 5 0 3 .0

N o n i o n i c  c o n t r o l 5 7 5 4 7 0 2 8 0 3 .1
+  c e t y l  a l c o h o l 3 1 0 2 2 5 2 2 0 3 .5
+  C M C 5 3 0 4 3 0 2 5 0 4 .5
+  a lk a n o la m id e 6 6 0 5 6 5 5 0 0 3 .1
+  a m in e  o x id e 6 3 0 5 3 0 5 0 0 3 .9
+  s o d iu m  c h lo r id e 6 2 0 4 9 0 2 5 0 3 .0

on a 2% surfactant solution. In these experiments a volume of only 100 ml was 
used. With the anionic surfactant, the addition of carboxymethylcellulose 
(CMC) gives the greatest increase in viscosity, but was without effect on 
foam. The greatest boost in foam volume is produced by the addition of the 
alkanolamide or the amine oxide. These data were expected. With the non-
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T a b le  X I I

F o a m  V o lu m e s  (m l)  o f  C o m m e r c ia l  S h a m p o o s

D e m i n e r a l i z e d
T a p  W a t e r “ W a t e r

1 0 % 1 % 1 0 % 1 %

P r o d u c t  A I n it ia l 1 0 2 5 8 8 0 1 1 2 5 9 0 0
2  m in 8 7 5 7 1 5 9 1 5 7 3 0
5  m in 8 5 5 6 7 5 8 5 0 7 0 0

P r o d u c t  B I n it ia l 9 9 0 5 6 0 1 0 5 0 8 2 5
2  m in 8 1 5 4 0 5 8 6 0 6 6 0
5  m in 8 0 0 4 0 0 7 7 5 6 2 5

P r o d u c t  C In it ia l 1 0 2 5 8 4 0 1 1 0 0 1 0 0 0
2  m in 9 1 0 6 8 5 9 1 0 8 1 0
5  m in 8 0 0 6 5 0 8 0 0 7 5 0

P r o d u c t  D I n it ia l 1 0 2 5 8 7 0 1 0 8 0 1 0 0 0
2  m in 8 7 0 7 2 5 8 7 0 8 0 0
5  m in 8 2 5 6 8 0 8 0 0 7 5 0

P r o d u c t  E I n it ia l 1 0 0 0 9 2 0 1 0 7 5 9 8 0
2  m in 8 3 5 7 4 0 8 3 5 7 9 0
5  m in 8 0 0 7 0 0 8 0 0 7 5 0

" 6 .5  g r a in s  p e r  g a l l o n  h a r d n e s s .

ionic surfactant, the CMC again gave the greatest viscosity increase, but again 
had no positive effect on foam. The greatest increase in foam was produced 
by the addition of the amide or amine oxide. Although the addition of cetyl 
alcohol served to increase viscosity in both cases, it had no beneficial effect 
upon foam volume. It is possible that by the use of other ratios of additives 
to surfactants, or had a study been made of other concentrations and with 
other surfactants, still other effects on foam and viscosity would have been 
observed. The data do serve to illustrate the point that an increase in the 
viscosity of a surfactant system by an additive can have a negative, a positive, 
or zero effect on foam.

Several leading commercial shampoos were evaluated for foam properties 
at two concentrations, 1% and 10%, in both tap water and soft (doubly de
mineralized) water. The foam data are shown in Table XII. There is very 
little difference among the five products at the 10% concentration level, but 
there is a noticeable difference at 1%. The same is true under soft water con
ditions. The data also show that the foam volumes at the 10% concentration 
level are about double what were obtained in the presence of 3% sebum soil, 
shown previously in Table X.
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S h a m p o o  F

T a b le  X I I I

o r m u la t io n  a n d  F o a m  D a ta

F o r m u la t io n
2 0 .0 S o d iu m  la u r y l  s u l fa t e

5 .0 C o c o n u t  d ie t h a n o la m id e
0 .5 C it r i c  a c i d —h y d r a te

7 4 .5 D e m i n e r a l i z e d  w a t e r

F o a m  V o lu m e s  (m l)
w i t h o u t  S o il

T a p  W a t e r “ S o f t  W a t e r

1 0 % 1 % 1 0 % 1 %

I n it ia l 1 0 0 0 8 4 0 1 0 5 0 8 0 0
2  m in 7 8 5 6 6 0 8 3 0 6 3 5

5  m in 7 0 0 6 3 0 7 2 5 5 9 0

w i t h  3 %  S e b u m  S o il ,  T a p  W a t e r
2 0 % 1 0 %

I n it ia l 6 0 0 5 5 0
2  m in 4 5 0 4 1 0

5  m in 4 3 0 3 7 5

" 6 .5  g r a in s  p e r  g a l lo n  h a r d n e s s .

By way of comparison, a suggested starting formulation for a simple sham
poo and its foam data are shown in Table XIII. The finished product has a pH 
of 6 5 and has a viscosity of 150 cps. The foam data are comparable to those 
of commercial products, both alone and in the presence of sebum soil. This 
¡s not a complete formulation. Various additives, such as a lanolin product, a 
fragrance, perhaps some protein fractions, etc., should be added. However, 
there are so many products which could be used, that it is beyond the scope 
of this paper to consider all possible shampoo additives.

Tab'e XIV shows the foam data that were obtained cm three leading com- 
merc;al toothpastes both in tap water and in soft water. All toothpastes were 
run at 10% concentration at three speeds, to take into consideration the effects 
which might be obtained by brushing with an electric toothbrush rather than 
by hand. Product C appears to have a little poorer foam stability, although it 
is equal in foam initially.

A suggested formulation for a typical toothpaste is shown in Table XV. The 
foam data, shown in Table XVI, are comparable to those of the commercial 
products shown previously.

In Table XVII, foam data are given for a commercial bubble bath and a 
foaming skin cleanser. A suggested dry bubble bath formulation and its foam
ing properties are listed in Table XVIII. The foam data of the bubble bath
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T a b l e  X I V

F o a m  V o lu m e s  (m l )  o f  
C o m m e r c ia l  T o o t h p a s t e  ( 1 0 %  C o n c e n t r a t io n )

T a p  W a t e r D e m i n e r a l i z e d  W a t e r

r p m r p m

4 4 2 6 1 8 4 4 2 6 1 8

P r o d u c t  A 1 1 0 0 8 5 0 7 1 0 1 1 0 0 7 5 0 5 6 0
9 3 5 6 9 5 5 6 5 9 1 5 6 0 0 4 5 5
8 6 5 6 3 5 4 8 0 8 5 0 5 1 0 4 0 5

P r o d u c t  B 1 1 0 0 1 0 5 0 7 5 0 1 1 0 0 5 5 0 4 5 0
9 3 5 8 4 0 6 1 0 9 1 5 3 8 5 3 5 5
8 6 5 8 0 5 5 0 5 8 6 5 3 5 5 3 0 5

P r o d u c t  C 1 0 7 5 7 7 5 7 5 0 1 1 0 0 6 7 5 6 5 0
8 1 0 6 2 0 5 0 5 8 2 0 5 1 0 5 1 0
4 5 0 4 5 5 3 3 0 5 0 0 3 8 0 1 7 5

T a b l e  X V

T o o t h p a s t e  F o r m u l a t io n

D i c a l c i u m  p h o s p h a t e - d ih y d r a t e 4 1 .0
W a t e r 2 8 .0
G l y c e r i n e 2 0 .0
S a lt 5 .0
S o d iu m  la u r y l s u l fa t e 2 .0
D is p e r s e d  s il ic a 1 .5
C a r b o x y m e t h y lc e l lu lo s e 1 .0
S a c c h a r in 0 .5
S o d iu m  b e n z o a t e 0 .5
F la vor- 0 .5
T o t a l 1 0 0 .0

T a b l e  X V I

F o a m  V o lu m e  (m l)  o f
E x p e r im e n t a l  T o o t h p a s t e ,  1 0 %  C o n c e n t r a t io n

T a p  W a t e r D e m in e r a l i z e d  W a t e r

r p m r p m

4 4 2 6 1 8 4 4  2 6  1 8

In it ia l 1 1 0 0 1 1 0 0 8 0 0 1 1 0 0 1 1 0 0 8 0 0
2  m in 9 1 5 9 0 0 6 5 5 9 1 5 8 9 5 6 4 0
5  m in 8 0 0 7 8 0 6 0 0 8 0 0 8 0 5 5 5 5
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T a b l e  X V I I

F o a m  V o lu m e s  (m l)  o f  T w o  C o m m e r c ia l  P r o d u c t s  
( T a p  W a t e r )

F o a m i n g  S k in  C le a n s e r P o w d e r e d  B u b b l e  B a th

1 % 1 .0 % 0 .5 % 0 .2 %

I n it ia l 8 5 0 7 8 0 5 5 0 4 5 5
2  m in 6 6 0 6 4 0 4 1 0 2 8 0
5  m in 6 5 0 6 1 0 3 8 0 2 6 0

T a b l e  X V I I I

B u b b l e  B a th  F o r m u la t io n  a n d  F o a m  D a ta  

F o r m u la t io n
S o d iu m  s u l fa t e  7 8
S o d iu m  a lk y l  s u l f o a c e t a t e  ( 7 0 % )  2 0
L a u r ie  m y r is t ic  d ie t h a n o la m id e  2

F o a m  V o lu m e  (m l) ,  T a p  W a t e r

1 .0 % 0 .5 % 0 .2 %

I n it ia l 8 0 0 6 8 0 5 8 0
2  m in 6 4 0 5 4 0 4 3 5

5  m in 6 0 0 5 0 0 3 7 0

formulation are at least as good as those of the commercial product, shown in 
the previous table.

Earlier, the point had been made that one of the important requirements for 
an apparatus to measure foam was that the data be meaningful. It is impor
tant to note a statement in the paper by Sorlcin e t  al. (6) in describing the 
evaluation of foam in shampoos by the glass-stoppered revolving cylinder, “It 
is fast, it is reproducible and it reflects the performance of the shampoo on the 
hair.”

Conclusion

An apparatus for measuring foam has been described which meets several 
important criteria. Data have been presented which show differences in foam 
volumes, among different surfactants, and using different conditions. Some 
commercial foaming cosmetic products were evaluated and suggested start
ing formulations are presented for some high-foaming cosmetic products.

(Received April 4, 1974)
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Microemulsions
HENRI L. ROSANO, Ph. D.* 

P resen ted  January 1 0 ,1 9 7 3 , b e fo r e  th e N e w  Y ork C hapter, C lifton , N.J.

S y n o p s is —T r a n s p a r e n t  e m u ls io n s  a r e  b y  d e f in i t io n  c a l l e d  w a t e r - i n - o i l  o r  o i l - in - w a t e r  M I 
C R O E M U L S I O N S .  W h e r e  t h e  a v e r a g e  d ia m e t e r  o f  t h e  d i s p e r s e d  d r o p le t s  is  le s s  th a n  
o n e  q u a r t e r  o f  t h e  w a v e le n g t h  o f  t h e  in c i d e n t  l ig h t ,  n o  l i g h t  s c a t t e r in g  w i l l  o c c u r  a n d  t h e  
s y s te m  w i l l  b e  t r a n s p a r e n t . T h e  P R E P A R A T I O N  o f  m ic r o e m u ls io n s  a n d  t h e  F O R M A 
T I O N  a n d  S T A B I L I Z A T I O N  o f  s u c h  b y  p h a s e  d ia g r a m , N M R ,  a n d  in t e r fa c ia l  t e n s io n  
m e a s u r e m e n ts  a r e  r e v i e w e d .  A  n e w  t h e o r y  o f  t h e  f o r m a t i o n  o f  t h e s e  m ic r o e m u ls io n s  
b a s e d  o n  I N T E R F A C I A L  D I F F U S I O N  o f  t h e  s u r fa c t a n t  o r  c o s u r f a c t a n t  p r o d u c i n g  a  t e m 
p o r a r y  z e r o  in t e r fa c ia l  t e n s io n  is  p r e s e n t e d .

Introduction

Microemulsions are transparent emulsions of high stability. Like macro
emulsions, additional amphiphatic components are needed to form these 
emulsions. Usually, two additives, a surfactant and a cosurfactant, are re
quired. Unlike macroemulsions, they are optically clear, the spherical droplet 
diameters of the dispersed phase being less than 1400 A. This is based on the 
fact that if the diameter of particles in a colloidal system is less than V4 of 
the wavelength of the incident light, the particles will not scatter light there
by resulting in a transparent system.

The dispersed component can be an oil and the continuous phase water or 
an aqueous solution, in which case the system is described as an oil-in-water 
(O /W ) microemulsion, or the oil and water can exchange roles, in which 
case one speaks of a water-in-oil (W /O ) microemulsion.

Since the term was first introduced by Hoar and Schulman (1), micro- 
emulsions have been studied by him and others using a wide variety of 
techniques. Numerous explanations of their stability have been offered (1— 
10) but as yet no theory explaining their formation and stability has proved 
completely satisfactory.

’’ D e p a r t m e n t  o f  C h e m is t r y ,  T h e  C it y  C o l l e g e  o f  T h e  C it y  U n iv e r s i t y  o f  N e w  Y o r k , 
N e w  Y o r k ,  N .Y . 1 0 0 3 1 .
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Preparation of Microemulsions

During the formation of a dispersed system the interfacial area increases 
markedly. The interfacial free energy equals AGS =  y ,d A  at constant tem
perature, volume, and number of moles constants ( d A  representing the in
crease in interfacial area). Consequently, only if y, is negative will AGS de
crease and conditions of spontaneous emulsification will be reached. When 
two liquids are immiscible, y.£ is always positive. It is common knowledge 
that in order to produce an emulsion, additives are used to reduce the inter
facial tension y,. y, is equal to the work necessary to increase isothermally 
and reversibly the interface by 1 cm2. These additives are surfactants which 
are amphiphatic molecules adsorbed at the O /W  interface. It is a known fact 
that the use of two surface substances in the right proportion produce 
better emulsions. Following these considerations, Hoar and Schulman sug
gested the following method to prepare microemulsions (1).

Surfactant, oil, and water are mixed together to form a lactecent emulsion 
and then titrated with the fourth component, the cosurfactant, until the 
mixture becomes clear. In the case of a W /O  system, if more oil is added the 
system will become milky again but addition of more cosurfactant will clear 
the system.

The rationale behind this titration method of preparation is to obtain the 
optimum interfacial film combination that will produce the condition of 
negative interfacial tension.

C alcu la tion  o f  A m ou n t o f  Surfactant 
in P reparation  o f  M icroem u lsion

It is assumed that all the surfactant molecules will be at the O /W  inter
face. The total interfacial area A will be equal to

A =  n  X  cr =  a X  4irr2

and the total volume of the dispersed phase will be equal to

4
V  =  a  X — 77T3

where
n =  number of surfactant molecules
cr =  cross-sectional area occupied by the surfactant molecule at the O /W  

interface
a  =  total number of droplets of the dispersed phase 
r =  radius of the spherical droplet
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Combining the two equations gives:

,3V
n  X <x (1)

For water-in-benzene microemulsions stabilized by potassium oleate and 
p-methylcyclohexanol, the calculated droplet size agreed with those by light 
scattering if a cr =  70 A2 is used (6).

Using eq 1 to calculate the weight of sodium lauryl sulfate (SDS) to micro- 
emulsify 5 ml of ILO in n-hexadecane, the following values were used: r =  
500 A or cr =  50 A2 per molecule. Therefore, n =  0.6 x 1021 molecules which 
corresponds to 0.287 g of SDS

To summarize the preparation: 0.287 g of SDS is dissolved in 5 ml of 
1 DO; 25 ml of n-hexadecane is added, then titrated while stirring with 1- 
pentanol until clarity is achieved. 1-Pentanol is not too soluble in oil or in 
water and is an efficient cosurfactant with this W /O  system. Addition of 
more n-hexadecane will transform the system into a milk but addition of 
more 1-pentanol will clear the system again.

R e s u l t s

Figure 1 represents W /O  microemulsions prepared by adding 40 ml of 
n-hexadecane and 0.0032 moles of carboxylic acid, 1.5 ml of 2.2N  base solu
tion. and titrating the mixture to clarity with 1-pentanol at 30°C. Ten or 20 
ml of oil was then added, causing a transition from the clear microemul- 
sion to a macroemulsion with a concomitant increase in turbidity. Clarity 
was reproduced in the sample by again titrating with alcohol. This procedure 
was repeated several times to get a sufficient number of points to plot. The 
intercept (I) was taken to be the number of moles of alcohol at the interface 
per mole of surfactant. The amount of 1-pentanol dissolved in the dispersed 
phase was assumed negligible. The slope ( K )  gave the solubility of the al
cohol in the continuous phase (5). From the data, the free energy per mole 
for the absorption of alcohol into the interphase from the continuous phase 
was calculated using the formula:

AG, =  - R T  l m  (X J / X S )

where X J  and X„* are the mole fraction of pentanol in the interphase and the 
continuous phase, respectively.

The intercepts, slopes, and AGS are tabulated in Tables I and II for sev
eral surfactant combinations. It was noted all AGs are small negative values 
for these systems.

When n-hexadecane was used as the oil phase, the requirement for penta
nol diminished and the free energy for adsorption decreased slightly as the 
chain length of the sulfate surfactant was increased. The same trend was 
shown with the carboxylates although it was less marked,
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T a b l e  I

W a t e r —n -h e x a d e c a n e  M i c r o e m u ls io n s  a t  3 0  ° C  
(4 0 .0  m l  n -h e x a d e c a n e ;  1 .4 4  m l  w a t e r ;  0 .0 0 3 2  m o le s  s u r fa c t a n t )

L o n g - C h a i n  S o d iu m  S u lfa te s
C h a in
L e n g t h X i X ,

k
M o le s  P e n t a n o l  

M o le s  O i l

I
M o le s  P e n t a n o l  

M o le s  S o a p

A G ,
k c a l

m o le

C „ 0 .9 7 0 .3 6 0 .5 7 2 8 .5 - 0 . 5 9
C 8 0 .9 6 0 .3 5 0 .5 2 4 .5 - 0 . 6 0
ClO 0 .9 3 0 .2 9 0 .4 1 1 4 .0 - 0 . 7 0
C J2 0 .8 8 0 .2 0 0 .2 5 7 .5 - 0 . 8 9
Cl4 0 .8 6 0 .2 1 0 .2 7 6 .5 - 0 . 8 5

D o d e c y l  S u lfa te s
C o u n t e r k 1 A G ,
I o n X , X , M o l e s  P e n t a n o l M o le s  P e n t a n o l k c a l

M o l e s  O i l M o le s  S o a p m o le

L i  + 0 .7 8 0 .2 2 0 .2 9 3 .5 - 0 . 7 5
N a + 0 .8 8 0 .2 2 0 .2 8 7 .5 - 0 . 8 4
K 0 .8 8 0 .2 2 0 .2 8 7 .5 - 0 . 8 4
R b  + 0 .8 3 0 .2 4 0 .3 1 5 .0 - 0 . 7 6
C s  + 0 .7 8 0 .2 2 0 .2 9 3 .5 - 0 . 7 5
N H L 0 .7 8 0 .2 2 0 .2 9 3 .5 - 0 . 7 5
( C H 8 ) 4N  + 0 .9 2 0 .2 8 0 .3 8 1 1 .5 - 0 . 7 2
( C T F L N  + 0 .9 3 0 .3 1 0 .4 5 1 3 .5 - 0 . 6 6
A M P 0 .9 0 0 .2 8 0 .4 0 8 .5 - 0 . 6 9
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T a b l e  I I

W a t e r - B e n z e n e  M ic r o e m u ls io n s  a t  3 0 °  C  
( 4 0 .0  m l  b e n z e n e ;  1 .4 4  m l  w a t e r ;  0 .0 0 3 2  m o le s  s u r fa c t a n t )

C h a in
L e n g t h X i

L o n g - C h a i n  S o d iu m  S u lfa te s  
k

X ,  M o le s  P e n t a n o l  

M o le s  O il

I
M o le s  P e n t a n o l  

M o le s  S o a p

AGs
k c a l

m o le

c 6 0 .9 6 0 .1 1 0 .1 2 2 3 .5 - 1 . 2 9
C s 0 .9 0 0 .1 2 0 .1 3 9 .0 - 1 . 2 2
C io 0 .8 8 0 .1 0 0 .1 1 7 .5 - 1 . 3 2
C l* 0 .9 0 0 .0 9 0 .1 0 9 .5 - 1 . 3 8

C u 0 .9 0 0 .3 6 0 .0 4 9 .5 - 1 . 9 4

D o d e c y l  S u lfa te s
C o u n t e r k I AGs
I o n X i X , M o le s  P e n t a n o l M o le s  P e n t a n o l k c a l

M o le s  O i l M o le s  S o a p m o le

L i  + 0 .8 6 0 .0 8 0 .0 9 6 .0 - 1 . 3 9
N a + 0 .9 0 0 .1 0 0 .1 1 9 .0 - 1 . 3 2
K  + 0 .8 6 0 .0 8 0 .0 9 6 .0 - 1 . 3 9
R b  + 0 .8 0 0 .0 6 0 .0 7 4 .0 - 1 . 5 3
C s  + 0 .8 3 0 .0 6 0 .0 7 5 .0 - 1 . 5 5

N i l e 0 .8 0 0 .0 8 0 .0 8 4 .0 — 1 .4 1
( C H 3).,N  + 0 .8 5 0 .0 9 0 .1 0 5 .5 - 1 . 3 4

A M P 0 .7 1 0 .0 4 0 .0 4 2 .5 - 1 . 7 5

L o n g - C h a i n  C a r b o x y la t e s “
C h a in k I AG,
L e n g t h X . X * M o le s  P e n t a n o l M o le s  P e n t a n o l k c a l

M o le s  O i l M o le s  S o a p m o le

N a  c a r b o x y la t e
C m 0 .9 1 0 .1 2 0 .1 4 1 0 .0 - 1 . 2 2

C m 0 .9 0 0 .1 1 0 .1 2 9 .0 - 1 . 2 9

Cl6 0 .8 5 0 .0 2 0 .0 2 5 .5 - 2 . 2 6

ClS N o  m ic r o e m u ls i f i c a t io n

C»o N o  m ic r o e m u ls i f i c a t io n

K  c a r b o x y la t e
C l  2 0 .9 5 0 .1 2 0 .1 3 1 8 .5 - 1 . 2 7

C u 0 .9 4 0 .1 1 0 .1 2 1 5 .5 - 1 . 3 0

Cl6 0 .9 2 0 .1 0 0 .1 1 1 2 .0 - 1 . 3 3

ClS 0 .9 0 0 .1 0 0 .1 1 9 .0 - 1 . 3 4

R b  c a r b o x y la t e
C m 0 .9 4 0 .1 1 0 .1 3 1 5 .0 - 1 . 2 8

C u 0 .9 1 0 .1 3 0 .1 4 1 0 .5 - 1 . 1 9

ClO 0 .8 9 0 .1 1 0 .1 3 8 .0 —  1 .2 4 r

C ,s 0 .8 8 0 .1 0 0 .1 2 7 .0 - 1 . 2 8

C*o 0 .8 8 0 .0 9 0 .1 0 7 .0 - 1 . 3 6

A m m o n i u m  c a r b o x y la t e s  a n d  A M P  c a r b o x y la t e s  d i d  n o t  f o r m  m ic r o e m u ls io n s  w i t h  b e n -

z e n e .
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The same trends were noted when benzene was substituted for n-hexade- 
eane and carboxylates were used as the surfactants. However, no leveling in 
the value of I  was observed except when rubidium was the counterion and 
then it occurred at higher value, C18. The values of I were significantly high
er in benzene than in n-hexadecane in the case of the carboxylates. In all 
cases, the AG., was lower in benzene than in n-hexadecane. The behavior of 
the long-chain sulfates in benzene was slightly different in that a minimum 
value was reached; C10 and Cs, and C,o and C14 demonstrated the same 
requirements for cosurfactant.

The effect of changing the counterion is not as clear cut. The sterically 
larger counterions, such as tetramethvl and tetraethylammonium ion, re
quired the largest amount of pentanol in the interface in hexadecane but 
these cations did not show any significant difference from Cs + , K + , Li+, 
Rb + , and NH4^, in benzene when the dodecyl sulfate was the anion. The 
value I  did not show any ordering in terms of the size of the counterion for 
the alkali cations and it is felt that this type of experiment is not sensitive 
enough to detect fine differences in very sinrlar counterions.

In conclusion, these results indicate, in the systems discussed, strong inter
actions between the surfactant and cosurfactant molecules are not necessary 
for microemulsion formation.

Up to now the discussion has dealt with the case of dilute W /O  micro
emulsions. Ternary phase diagrams of a four-component system were pre
pared. In the present example shown here, certain clear isotropic regions of 
low viscosity are observed when the K-oleate concentration was held con
stant (Fig. 2). On the ternary diagram there are two regions on microemul
sions. It is also clear that the four components have to be mixed in the right 
proportions.

Association between the surfactant and cosurfactant has rarely been in
vestigated in these systems. Interaction between the water and surfactant has 
been observed in water in chloroform microemulsions stabilized by decyltri- 
methylammonium bromide (11). Schulman and Montagne (12) investigated 
the conditions necessary for the formation of microemulsions in systems capa
ble of forming strong hydrogen bonds by a film balance method, the validity 
of which they later doubted (13). They found that in systems capable of form
ing strong intermolecular hydrogen bonds, microemulsions could be formed. 
Those systems not capable of forming intermolecular hydrogen bonds did 
not form microemulsions. These results indicated that, in the systems dis
cussed, strong interactions between the surfactant molecules and surfactant 
and cosurfactant molecules were necessary for microemulsion formation.

The results reported in this study conflict with this view. The work of 
Fowkes (14) with mixed films of sodium cetyl sulfate and cetyl alcohol at 
planar air-aqueous NaCl interfaces lent support to the view that strong stoi
chiometric complexing between the alcohol and surfactant was not necessary
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F ig u re  2 . W a t e r — 11- h e x a d e c a n e — 1 -h e x a n o l  p h a s e  d ia g r a m  w i t h  K - o le a t e  as s u r fa c t a n t  in  
t h e  c o n c e n t r a t io n  r a n g e  o f  0 .4 M  t o  0 .2 M

to produce a large film pressure. High film pressures at the oil/water inter
face would be necessary to reduce the to zero. We investigated the inter
action K-oleate/ 1-hexanol by NMR for the systems along the dotted line on 
Fig. 2 and found practically no interaction. These results will be published 
later. We finally concluded that the Schulman theory was not adequate to 
explain the lack of cosurfactant/surfactant interaction, and also the fact that 
a spherical droplet means generally a minimum area for a given volume which 
in turn implies the existence of a positive interfacial tension. In addition, all 
the discussions offered thus far have not considered the dynamic effect of the 
cosurfactant in lowering by transport through the O /W  interface. This 
aspect will be considered now.

In terfa cia l T e n sio n

The interfacial tension of water against oil as a function of time moni
tored by using an automated Wilhelmy slide method (15). A sandblasted Pt 
blade pre-wet with water was attached by a thread to a microforce trans-
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ducer. The signal from the transducer was amplified by a transducer ampli
fier.* The signal was then plotted as a function of time on a calibrated strip- 
chart recorder.! If the blade was drawn through an aqueous-oil interface, the 
signal was proportional to y¡. No hysteresis was observed on drawing the 
blade through the interface from either side; therefore, it was assumed 
the contact angle was zero.

1-Pentanol was injected into one of the phases by using an Agla micrometer 
syringei accurate to 0.00005 ml. Gentle stirring was maintained in the phase 
in which the alcohol was being injected by using a magnetic stirrer ( aqueous 
phase) or a motorized glass stirrer (oil phase). Several injections were made 
into each phase so that the systems in Fig. 3 contain varying amounts of 
alcohol. Fifty milliliters each of the oil and aqueous phase were used.

SDS solution was introduced into the aqueous phase by injecting an appro
priate amount. Sufficient time was allowed for the interface to reach equilib
rium before alcohol was injected. This was judged by the stability of y, as a 
function of time.

"“T r a n s d u c e r  a n d  a m p l i f ie r  m a n u f a c t u r e d  b y  H e w l e t t - P a c k a r d  C o r p . ,  P a l o  A lt o ,  C a l i f .  
t S a r g e n t - W e l c h  C o r p . ,  S k o k ie , 111.
J B u r r o u g h s - W e le o m e  a n d  C o . ,  D u r h a m , N .C .

Figure 3. I n je c t io n  o f  1 -p e n t a n o l  in t o  n - h e x a d e c a n e /w a t e r  in t e r f a c e  ( y j  vs. t im e )
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All systems were maintained at 30°C in a thermostated beaker 4.90 cm in 
diameter. The interface was cleaned initially before any injections were done 
by using suction through a narrow pipet.

It was observed that less alcohol was required to reduce y-t to zero when 
injecting into n-hexadecane than when injecting into the aqueous solution. 
The rate of transport of pentanol across the interface was severely reduced in 
the presence of the absorbed monolayer of surfactant.

As mentioned previously, microemulsions are generally prepared by titrat
ing with one of the components or by mixing all of the component parts 
together. Either method allows transport of the amphiphatic molecules 
through the interface. To determine if transport of some part is necessary for 
microemulsification, an aqueous solution of surfactant and pentanol was pre
pared. The solution contained the amount of pentanol that would be present 
in the final microemulsion, as determined by the distribution data given in 
the tables presented. Another solution of oil and its ratio of pentanol was 
prepared and the two solutions were mixed together for approximately 20 min 
but no microemulsion was formed. Microemulsions generally form almost 
immediately when the correct conditions are provided. The systems were not 
even stable with regard to phase separation upon standing for a few minutes.

D i s c u s s i o n

It is apparent from the above experiments that it is possible for the inter
facial tension of a system to drop to zero for a certain period of time due to 
redistribution of amphiphatic molecules while the equilibrium y t remains 
positive.

The requirement of transport across the interface in these systems was 
demonstrated in the experiments last described. The diffusion process has 
been mentioned before as a necessary condition for spontaneous emulsifica
tion (16, 17) but it is not a sufficient condition for microemulsification in these 
systems since 1-pentanol does not produce microemulsions in all of the 
dodecyl sulfate systems. It is reasonable that the surfactant must be able to 
stabilize the system against coagulation and coalescence after the cosurfactant 
has lowered y , sufficiently to cause dispersion. The ability of surfactant to 
accomplish this would depend upon the type of interfacial film it forms with 
the alcohol and oil present.

The larger requirement for alcohol in the systems with the bulkier 
counterions may be explained by the consideration that surfactants of this 
type would produce a more expanded interfacial film permitting faster trans
port of the alcohol through the interface and, therefore, the maximum film 
pressure would not be maintained for as long a period of time. The same 
reasoning would explain the effect of increasing the chain length of the 
surfactant. The shorter chain lengths would give a more expanded film and
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permit faster transport of the alcohol. If the chain length is too long, however, 
transport through the interface would be too slow and the effect of the alcohol 
in lowering y, would be diminished.

It has previously been pointed out that strong association between the 
surfactant and cosurfactant is not necessary for microemulsification and that 
nonionic and ionic amphiphatic molecules, in general, absorb independantly 
(17, 18). The calculated free energies for adsorption of the pentanol are 
small, indicating little association between the surfactant and cosurfactant—in 
agreement with Rosario e t  al. (5). The absence of strong interfacial complex- 
ing between the surfactant and cosurfactant was also indicated in NMR 
studies of W /O  microemulsion in CC14 stabilized bv long-chain sulfates 
(19).

It was pointed out by Adamson (6) that only a small binding energy 
between the surfactant and cosurfactant (100 cal/mole) is, in fact, necessary 
to prevent coagulation of the microemulsion droplets. The above values are 
well within this range. This does not exclude the possibility of strong associa
tion in the interfacial film occurring when it is feasible (12).

It seems then, that there are two parts to the process of microemulsion 
formation, dispersion and stabilization. The previous arguments in terms of 
film penetration, interfacial complexing, interfacial tension, etc., should be 
applied, bearing in mind the effects due to redistribution of the amphiphatic 
molecules amongst the phases present. It is also possible that if enough 
surfactant and cosurfactant are present in the right proportions, the equilib
rium y,■ could be zero which would imply a spontaneous dispersion. This 
would be the situation assumed by Schulman,
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S y n o p s is —A lu m in u m  c h lo r h y d r o x i d e  h a s  b e e n  t h e  m o s t  w i d e l y  u s e d  a c t iv e  in g r e d ie n t  in  
A N T I P E R S P I R A N T  F O R M U L A T I O N S .  R e c e n t l y ,  n e w  c h e m ic a ls ,  s u c h  as b a s i c  a lu m in u m  
b r o m id e ,  a n d  c o m b in a t io n s  o f  a lu m in u m , z i r c o n iu m , a n d  o t h e r  m e t a l  sa lts  h a v e  b e e n  
in t r o d u c e d .  In  a d d it i o n ,  n e w  p r o d u c t  f o r m s  a r e  c o n s t a n t ly  b e i n g  d e v e l o p e d  w i t h  d i f 
f e r e n t  p e r f o r m a n c e  a n d  c o s m e t i c  c h a r a c te r is t ic s .  T h e  p r o p e r t ie s  o f  th e  n e w  a c t iv e  
in g r e d ie n t s  a n d  th e  n e w  f o r m u la t io n s  a r e  d i s c u s s e d  w i t h  r e s p e c t  t o  f o r m u l a t i o n  V E R S A 
T I L I T Y ,  C O S M E T I C  E L E G A N C E  a n d  E F F I C A C Y .  G e n e r a l  m e t h o d s  u s e d  t o  e v a lu a t e  
s ta in in g  p o t e n t ia l ,  a n d  d e o d o r a n t  a n d  a n t ip e r s p ir a n t  e f f i c a c y  o f  th e s e  p r o d u c t s  a r e  r e 
v i e w e d .  A  n o r m a l  a c t iv i t y  m e t h o d  f o r  d e t e r m in in g  a n t ip e r s p ir a n t  e f f i c a c y  is  c o m p a r e d  
w i t h  a  m e t h o d  b a s e d  o n  a  t h e r m a l ly  c o n t r o l l e d  e n v ir o n m e n t ,  a n d  t h e  r e s u lt s  o b t a i n e d  
w it h  t h e s e  t w o  t e c h n iq u e s  a r e  d is c u s s e d .

I n t r o d u c t i o n

Antiperspirant formulations based upon metal salts such as aluminum, zinc, 
or magnesium chlorides, sulfates, acetates, or sulfoearbolates as the active 
ingredients have been known for a long time (1, 2). The most important anti
perspirant chemical used is basic aluminum chlorhydroxide (ACH) which is 
safer, less corrosive, and readily formulated into a variety of products (3).

The deodorant and antiperspirant market has changed dramatically over 
the years. Until ca. 1960, the most important product forms were lotions, 
creams, sticks, or powders, representing a 100 million dollar per year busi
ness. In 1960, aerosol deodorants, primarily alcoholic solutions containing an 
antimicrobial agent, came into the market, and by 1966, doubled the size of 
the business (4). Early attempts to develop antiperspirants in an aerosol form 
ran into trouble because of the acidic nature of the active ingredients. Most 
problems involved packaging incompatibility, valve clogging, and perfume 
stability. They mostly were solved by the mid-sixties (5 ), resulting in the 
introduction of a number of different types of aerosol antiperspirants.

“ A r m o u r - D i a l ,  I n c . ,  G r e y h o u n d  T o w e r ,  P h o e n ix ,  A r iz .  8 5 0 7 7 .

6 2 1
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The early aerosol antiperspirants introduced were the so-called powder-in
oil type formulations containing 3-4% of active ingredients suspended in an 
oil base. There were also solution-type formulations, some in glass aerosols 
because of corrosion problems.

In 1971, a cosmetically different antiperspirant product was developed, an 
“aerosol powder”; another version, a so-called “hybrid” appeared in the 
marketplace one year later. The hybrid has a somewhat higher active level 
than the regular powder-in-oil and powder antiperspirants and lies between 
these products in cosmetic elegance.

The most important performance attributes of an antiperspirant are its an- 
hydrotic and deodorant effects. In addition, the formulation must possess 
aesthetic and cosmetic qualities. One frequently observed drawback of these 
products has been their tendency to cause fabric staining. It is the purpose of 
this paper to discuss recent trends in the formulation of aerosol antiperspi
rants and some of the testing methods used to evaluate performance charac
teristics.

A e r o s o l  A n t i p e r s p i r a n t  F o r m u l a t i o n s

Most aerosol antiperspirant formulations contain the following compo
nents: the active ingredients, usually aluminum chlorhydroxicle or similar 
salts, a liquid system which serves either to solubilize or to suspend the active 
ingredient or is part of a water-in-oil emulsion, miscellaneous additives such 
as talc, perfume, suspending agents, and propellants. Suspension systems rep
resent the most commercially important examples. Some products based on 
solution systems have been marketed, but have not been too successful. 
While providing somewhat greater antiperspirant efficacy, solutions are cos
metically less pleasing.

Many combinations of raw materials are available for the formulation of 
aerosol antiperspirants and their selection must be carefully considered, since 
the surface chemistry of the system can affect sedimentation and dispersion 
characteristics of the formula. In addition, formulations must provide maxi
mum antiperspirant and deodorant effectiveness, maximum safety, cosmetic 
elegance, and minimum staining.

A c tiv e  In gred ien ts

Aluminum chloride has been recognized for many years as an excellent 
antiperspirant. However, because of its low pH, it will cause fabric damage 
and skin irritation (6). This had led to the development of various basic 
aluminum compounds which are less acidic than the parent product. The 
most frequently used of these derivatives is basic aluminum chlorhydroxide. 
Other metal salts that have been formulated into antiperspirants are shown in 
Table I. In addition to these compounds which are considered to interfere



T R E N D S  IN  A N T IP E R S P IR A N T S 6 2 3

T a b l e  I

A c t iv e  I n g r e d ie n t s  f o r  A n t ip e r s p ir a n t  F o r m u la t io n s

A lu m in u m  c h lo r h y d r a t e  
A lu m in u m  c h lo r id e  
B a s ic  a lu m in u m  b r o m id e
B a s ic  a lu m in u m  h y d r o x y c h l o r i d e —z i r c o n y l  h y d r o x y  o x y c h l o r id e  

A lu m in u m  h y d r o x y c h l o r i d e —z i r c o n y l  h y d r o x y  o x y c h l o r id e — g l y c i n e  c o m p l e x  
B a s ic  a lu m in u m  n it r a te

B a s ic  a lu m in u m  b r o m i d e —z ir c o n y l  h y d r o x y  o x y b r o m id e  
M a g n e s iu m  a lu m in u m  z i r c o n iu m  g lu c o n a t e  c h lo r id e  
B a s ic  a lu m in u m  io d id e

with the sweat duct (7), other materials that have been reported include 
formaldehyde (8) and compounds such as anticholinergic scopolamine deriva
tives (9).

Amongst the metal salts which have gained some commercial importance 
are basic aluminum bromide (BAB) and certain zirconium complexes. Zir
conium oxychloride (ZrOCb) and zirconyl hydroxychloride [ZrO(OH)Cl] 
have good antiperspirant activity, but the aqueous pH of these com
pounds is very low. The use of zirconium compounds as antiperspirant actives 
has required raising the pH without causing precipitation. Commercially, this 
has been achieved by buffering the zirconium salts with basic aluminum 
salts (10—14). While this can cause considerable gelling (14), it was found 
that the addition of certain amino acids such as glycine (11, 14) can control 
the gelation problem. There are also patents covering aluminum zirconium 
systems using different buffering systems in antiperspirant formulations (15, 
16). A number of experimental salts have also been investigated, including 
basic aluminum nitrates, iodides, and mixed metal systems.

S u sp en d in g  O ils

Some of the cosmetic oils used in powder-in-oil formulations are listed in 
Table II. They include isopropyl and propylene glycol esters of various long-

T a b l e  I I

C o s m e t i c  O ils  U s e d  in  A e r o s o l  P o w d e r - in - o i l  A n t ip e r s p ir a n t s

I s o p r o p y l  m y r is ta te  
I s o p r o p y l  p a lm it a t e
M i x e d  i s o p r o p y l  e s te r s  o f  v a r io u s  fa t t y  a c id s
P r o p y le n e  g l y c o l  d i c a p r a t e
P r o p y le n e  g l y c o l  4 0 0  m o n o la u r a t e
P r o p y le n e  g l y c o l  d ip e la r g o n a t e
T r ie t h y l  c i t r a te
D i b u t y l  p h t h a la t e
O r g a n o s i l i c o n e s
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chain fatty acids, homopolymers of polypropylene oxide, dibutyl phthalate, 
Tween 60, and certain organosilicones. Properties of these oils include low 
odor, low viscosity, and good stability.

S uspending A g en ts

Suspending agents are frequently used in aerosol powder-in-oil systems 
where the active material is dispersed rather than dissolved. The suspending 
agents reduce the rate of settling of the dispersed materials.

An effective suspending agent commonly used is Bentone 34,s an organic 
derivative of hydrous magnesium aluminum silicate. Bentone requires batch 
heating and extensive homogenization. Homogenization causes the formation 
of hydrogen bonds between silica sites, resulting in lattice formation.

Another frequently used suspending agent is Cab-0-Sil,t a fire-dry fumed 
silica. Chains are formed via hydrogen bonds, and with shear mixing, an 
effective lattice structure can be created. Cab-O-Sil is quite sensitive to the 
presence and the ionic nature of other materials in the formulation. Syloid 
244* is another high-porosity micron-sized silica that has also been used.

The type of suspending agent used in antiperspirant powder formulations 
can be readily identified from X-ray diffraction determinations.

P ropellants

The propellants used in aerosol antiperspirants serve several important 
functions: they deliver the product, serve as diluents and/or solvents, and 
assist in product “drying.” General factors such as bounce and coldness are 
directly related. The colder sprays generally produce less bounce, and this is 
a function of the boiling points of the various propellants used. Several trade
offs are frequently necessary in optimizing an antiperspirant propellant 
system.

P o w d e r - i n - O i l  F o r m u l a t i o n s

Powder-in-oil formulations represent the most important category of prod
ucts presently on the market. This category contains three different types: 
regular powder-in-oil formulations, the so-called aerosol powders, and hybrid 
formulations. There are very noticeable differences from the cosmetic and 
aesthetic point of view between these three product forms. A typical powder- 
in-oil formulation is the following:

° N L  I n d u s t r ie s , 1 1 1  B r o a d w a y ,  N e w  Y o r k ,  N .Y . 
t C a b o t ,  1 2 5  H i g h  S t ., B o s t o n ,  M a s s .
+ W .  R . G r a c e  &  C o . ,  B a l t im o r e ,  M d .
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I n g r e d ie n t P e r  C e n t

A lu m i n u m  c h lo r h y d r o x i d e 3 .5
I s o p r o p y l  m y r is ta t e 6 .0
C a b - O - S i l 0 .3
P e r f u m e 0 .2
P r o p e l la n t 9 0 .0

Aerosol powder formulations contain about the same level of ingredients as 
powder-in-oils versions, but in addition also contain 1% of talc. Also, the oil 
level is considerably lower. A typical formula is shown below:

I n g r e d ie n t P e r  C e n t

A lu m in u m  c h lo r h y d r o x i d e 3 .5
T a l c 1 .0
S u s p e n d in g  o i l 1 .5
C a b - O - S i l 0 .3
P e r f u m e 0 .2
P r o p e l la n t 9 3 .5

The hybrid-type formulations are similar to powder-in-oil formulations ex
cept for a higher active ingredient level (5% vs. 3.5%).

The differences between these three formulations are summarized in Table
III. As can be seen, the ratio of active ingredient levels to the amount of oil 
used ranges from 0.6 for the powder-in-oil formula, to a 1.1 ratio for the hy
brid product, and a ratio of 2.3 for the powder.

T a b l e  I I I

F o r m u la t io n  D i f f e r e n c e s  b e t w e e n  A e r o s o l  P o w d e r - in - o i l ,  
P o w d e r ,  a n d  H y b r i d  A n t ip e r s p ir a n t s

F o r m u la t io n  T y p e % A c t iv e % O i l %  T a l c A c t iv e :  O il  R a t io

P o w d e r - in - o i l 3 .5 6 .0 0 .6

H y b r i d 5 .0 4 .5 1 .1

P o w d e r 3 .5 1 .5 1 .0 2 .3

Three hybrid-type products have appeared in the marketplace. While fit
ting into the above general formulation system, there have been significant 
differences in the active ingredients and the suspending oils that were used, 
as shown in Table IV. All contain approximately 5% of active ingredient, but 
the actives differ considerably. The first contains the traditional basic alumi
num chlorhydrox-'de powder, the second, a buffered aluminum chlorhy- 
droxide/zirconyl hydroxy oxychloride complex, while the third uses a buf
fered aluminum chlorhydroxide/zirconyl hydroxy oxychloride glycine com
plex. The suspending oils also differ considerably.

The hybrid formulations provide somewhat higher antiperspirant efficacy 
than regular powder-in-oil formulations, probably because of the higher ac-
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T a b le  I V

F o r m u la t io n  D i f f e r e n c e s  in  A c t iv e  I n g r e d ie n t s  
a n d  S u s p e n d in g  O ils  o f  T h r e e  H y b r i d  A n t ip e r s p ir a n t s

P r o d u c t A c t iv e  I n g r e d ie n t s S u s p e n d in g  O i l

1 5%  a lu m in u m  c h lo r h y d r o x i d e M i x e d  s i l i c o n e s

2 5 %  b a s i c  a lu m in u m  h y d r o x y c h l o r i d e — 
z i r c o n y l  h y d r o x y  o x y c h l o r id e

M i x e d  s i l i c o n e s /  
t r ie th y l  c i t r a te

3 3 %  a lu m in u m  h y d r o x y c h l o r i d e — 
z i r c o n y l  h y d r o x y c h l o r i d e —

D i b u t y l  p h t h a la t e

g l y c i n e  c o m p l e x

five level. All three are cosmetically very acceptable. Two of the products 
have eliminated the staining problem often associated with aerosol antiper
spirants, while one still causes considerable staining.

E v a l u a t io n  P hocedu res

Key performance criteria for which aerosol antiperspirants are tested in
clude the following: antiperspirant efficacy, deodorant efficacy, staining po
tential, and cosmetic acceptability.

A ntipersp iran t E fficacy E valuation

Antiperspirant efficacy may be measured utilizing both in vitro  and in  v iv o  
methods. Qualitative procedures fashioned after the work of Minor (18), who 
used starch-iodine indicators, involved development of so-called sweat pore 
patterns. Various dyes and indicators have been used in conjunction with pa
pers, pastes, films, and lacquers (19). Zahejsky and Rovensky (20) described 
the use of a contact indicator spot test which was based on a color reaction 
between pyrogallol and ferric hydroxide in the presence of water from sweat. 
These procedures have value in locating and studying the activity of sweat 
glands.

Some in  vitro  methods are based upon the fact that aluminum salts are 
astringents and are capable of denaturing proteins (21), and upon the obser
vation that permeability to sodium and iodide ions increases after treatment 
with aluminum salts (22).

Quantitative measures of the reduction in perspiration are usually made 
using gravimetric or humidity sensing techniques with human volunteers. 
Some attempts have been made to use animals, such as cats, mice, or rats for 
sweat testing purposes, but the sweat glands in these species are confined to 
the foot pads, and even though they have eccrine glands, they differ histo
logically from those of man (22—24). Recently, Lansdown evaluated the use 
of rat food pads as a model for examining antiperspirants (25).
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In human volunteers, gravimetric measurement of the total amount of per
spiration secreted may be accomplished by the use of weighed pads or by 
the use of dessicant cups (26). Other types of measurement utilized resistance 
hygrometry, collection coils, phosphorus pentoxide cells, and electrolytic 
cells (27-30).

F actors A ffe c tin g  S w eating  R ate

Fredell and Read (31, 32) observed that there are differences in the amount 
of sweat produced from right to left axilla, but that the ratio of these dif
ferences is fairly consistent. They recommended that a ratio between treated 
and control axillae be used in judging effectiveness. Segar (27) demonstrated 
that sweating is a cyclical process and is not proportional to the number of 
total glands.

Uttley (33) recently reviewed some of the factors influencing sweating 
which must be considered in a test procedure. These include: relative hu
midity, equilibrium of sweating rate, emotional or mental stimulation, posi
tion of the body during sweating, skin area being tested, skin temperature, 
conditioning to environment, sex differences, and metabolic rate.

Based upon our studies, we agree with the observations of earlier workers 
(19, 32, 34) that a gravimetric method employing absorbent pads is an ade
quate procedure. Relier (19) observed that absorbent pads are more accept
able physiologically than cups.

M eth od s  o f  E valuation

We have tested two basic variations of the gravimetric method, the major 
difference being in the procedure used for stimulation and collection of per
spiration. The first method, termed “normal activity method,” utilizes normal 
environment conditions. The second method, termed “controlled environ
ment method,” employs thermally controlled environmental conditions. In 
both methods, a ratio of sweat produced by the left and right axilla is de
termined in a series of controlled collections. The effect of antiperspirant ma
terials on the perspiration rate of each individual is determined by comparing 
the post-treatment ratio to the subjects’ average control ratio. For each indi
vidual, the per cent change in sweat rate is calculated as:

% change in sweat rate =  100 (1 —
post-treatment ratio 
average control ratio

These data are statistically treated by applying the Student t  distribution 
to establish 85% confidence limits on the mean per cent change in sweat ratio.

N orm al A ctiv ity  M eth o d

In the normal activity method, a group of panelists are recruited who re
main together as a panel for at least 12 months. Prior to the start of
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using the panel for test purposes, their left-to-right axillary sweating ratio is 
determined 12 times over a 4-week period. The average result from these de
terminations is used as the control ratio for each panelist for the life of the 
panel.

Before the start of any test, there is a 5-day period in which the panelists 
use no underarm products except a placebo soap. Following this are three 
consecutive days of antiperspirant testing. There are 15—20 people in a 
mixed-sex panel. Test material is applied only to the left axilla, the right 
axilla serving as the control. For roll-on formulations, 1 g of product is ap- 
plied with a soft brush. For aerosols, a 1-sec spray from a distance of 6 in. is 
applied uniformly to the axillary vault. Sample application is made by a tech- 
n'cian, using a metronome to time the spray. After 5 min, to permit evapo
ration of any volatile materials, a preweighed moisture collection pad is 
applied. These pads, measuring 2 in. x 2 in., are fashioned from sanitary 
napkins by stripping away several layers of cellulose filler in order to get a 
better axillary fit. Pads are held in place by strips of hypoallergenic tape. 
The exterior surface of the pad itself is covered with Saran Wrap in order to 
retain absorbed moisture.

The panelists are then free to pursue normal activities for 4 hours. At the 
end of the 4-hour period, the absorbent pads are removed and placed in tared 
plastic ointment jars and weight of perspiration is determined by difference.

C on tro lled  E n viron m en t M eth o d

In the controlled environment method, approximately the same number of 
panelists are used. They are asked to abstain from the use of all antiperspirant 
materials at least one week prior to enrollment through the completion of the 
test. Controlled sweat collections are made on Monday and Tuesday of the 
test week. Post treatment sweat collections are made on Wednesday, Thurs
day, and Friday. Test materials are assigned in such a way that samples are 
applied to the right axilla of half the panelists and to the left axilla of the 
remaining panelists. Axillae are rinsed with clear, warm water and dried just 
before each application. For aerosol products, the axillae are sprayed from the 
distance of 6 in. for 2 sec. Materials are applied immediately following the 
controlled sweat collection on Tuesday, 1 hour prior to sweat collection on 
Wednesday, Thursday, and Friday.

Sweating is induced by having the subject sit in a room maintained at 
100° ±2°F  and at a relative humidity of 35%. During the first 40 min of the 
sweat stimulation period, the panelists hold unweighed pads of Webril,® a 
nonwoven cotton, in their axillae. This preliminary warmup period is followed 
by two successive 20-min collection periods during which panelists hold 
pre-weighed Webril pads in the axillae. Panelists are allowed to drink ice wa-

K e n d a l l  C o . ,  W a l p o l e ,  M a s s .
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ter as desired throughout the collection period. At the end of each collection 
period, the pads are removed and placed in tared bottles for reweighing. 
Antiperspirant activity is calculated as described previously.

D eo d o ra n t E fficacy  E valuation

Deodorant effectiveness is a recognized attribute of many metal salts 
(35—37). Efficacy is evaluated by comparison of the effect of one treatment in 
one axilla versu s  a second treatment in the other axilla of the individuals in 
panel groups (34, 38). Similar comparative methods may employ a crossover 
procedure. Product comparisons using a split axilla treatment without cross
over in a single group suffer in reliability because odor intensity of the axillae 
of an individual varies. However, when the test sites in a panel are random
ized by a crossover procedure, effects due to inherent differences in the axil
lae are minimized.

Axillary odor may be judged by the panel participants themselves, by 
trained judges, or both. Length of deodorant effect is usually determined at 
various intervals during the test, or at cessation to treatment. Evaluation may 
be made by estimating the degree of odor of both the axillae and the under
garment at the side of contact. Odor judgments obtained are usually based 
upon arbitrary numerical scales (38—40). Because these are subjective evalu
ations, several investigators have attempted to eliminate sources of error 
through the use of osmometers (41).

Utilizing a crossover method in which odor evaluations were made by 
trained judges, a clear deodorant effect was shown for a powder-in-oil formu
lation and an aerosol powder formulation, both containing 3.5% aluminum 
chlorhydroxide. An odor scale of 1 (little or no odor) to 5 (strong or disagree
able odor) was used. The results are shown in Table V. The data from the test 
and control periods were subjected to Student’s t test and were highly signifi
cant.

A recent advance in evaluating deodorant efficacy is that developed by 
Dravnieks and coworkers (42, 43). Their method is based on the development 
of chromatographic patterns of axillary odors.

Staining P oten tia l

Soon after the introduction of aerosol antiperspirants, it became apparent 
that fabric staining in the axillary area was a major problem. Initially, formu
lations were tested for staining propensity by applying the product directly to 
the fabric. It was found that this was not a satisfactory procedure since it did 
not reflect actual use conditions and a comparative procedure was developed.

In this procedure, a panel is used made up of 10 men and 10 women. Sub
jects are required to abstain from the use of all antiperspirants and deodor
ants or other products applied to the axillary area, and are required to use
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T a b l e  V

In V ivo  D e o d o r a n t  E v a lu a t io n  o f  T w o  P o w d e r - I n - O i l  A n t ip e r s p ir a n t s  
(S u m m a r y  o f  I n d iv id u a l  M e a n  O d o r  S c o r e s " )

S u b je c t  C o n t r o l  P e r io d  T e s t  P e r io d

N u m b e r D r y  P o w d e r P o w d e r - I n - O i l D r y  P o w d e r P o w d e r - I n - O i l

1 4 .5 4 .7 2 .0 1 .9
2 4 .0 4 .3 2 .8 2 .4

3 4 .9 4 .7 1 .3 1 .5
4 4 .1 4 .1 1 .8 1 .8
5 5 .0 5 .0 1 .9 1 .8
6 4 .8 4 .8 2 .8 2 .4
8 2 .9 3 .0 2 .0 2 .2
9 4 .0 4 .3 1 .5 1 .5

10 3 .6 3 .8 1 .9 1 .7
11 4 .4 4 .6 2 .9 2 .8
12 4 .0 3 .7 2 .9 2 .7
1 4 4 .4 3 .9 2 .3 1 .5
1 5 4 .2 4 .5 2 .3 2 .5
16 4 .5 4 .5 3 .6 3 .2
17 3 .1 3 .2 2 .2 2 .1
1 8 4 .3 4 .3 2 .1 1 .9
19 3 .5 3 .5 2 .5 2 .6
2 0 4 .6 3 .6 2 .4 2 .0
2 1 4 .2 4 .4 3 .1 2 .9
2 2 4 .3 3 .2 2 .0 1 .9

M e a n 4 .1 6 4 .1 1 2 .3 2 2 .1 6
S ta n d a r d  D e v i a t i o n  0 .5 5 1 8 0 .5 8 6 2 0 .5 6 7 7 0 .5 0 0 8
S ta n d a r d  E r r o r 0 .1 2 3 3 0 .1 3 1 0 0 .1 2 6 9 0 .1 1 1 9

" A  f iv e - p o in t  s c o r i n g  s y s te m  w a s  u s e d , 1 b e i n g  w e a k  a n d  5  b e i n g  s t r o n g  a n d  d is a g r e e a b le  
o d o r .

only Ivory soap“ during the period of the test. T-shirts are supplied to the 
subjects at the beginning of the test period. A standard 3.5% powder-in-oil 
isopropyl myristate formulation is used for reference purposes. Subjects are 
evaluated for stain propensity in each axilla using the following schedule. On 
day 1, a 3-see spray of the product is applied by a technician using a metro
nome for timing. The new T-shirt is then worn. Four hours later, the spraying 
procedure is repeated. Two hours later, the T-shirts are collected and laun
dered. The same routine is then followed for 2 more days. At the end of the 
third day, the axillary areas of each T-shirt are evaluated for intensity of stain 
using a photovolt reflectometer equipped with tristimulus filters. Readings are 
taken using each of the three filters and the staining value is calculated from 
the formula:

“ P r o c t e r  &  G a m b le  C o . ,  C in c in n a t i ,  O h io .
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amber-blue----------------x 10
green

A typical value for the control formula is 0.7. A minimally visible stain 
yields a value of 0.3. A value of 1 or higher indicates a product which stains 
fabric considerably.

When evaluating test products, the procedure is the same as during the 
standardization except that the test product is substituted for the control. 
Application to the left and right axilla is randomized. Calculations are nor
malized to the control value of 0.7 so that results are reproducible. Some of 
the results obtained using this comparative method are shown in Table VI. 
There were considerable variations in stain potential of products, depending 
on product form and the type of suspending oils used.

T a b le  V I

S ta in in g  P r o p e n s i t y  o f  A e r o s o l  A n t ip e r s p ir a n t  F o r m u la t io n s  
( T h r e e - D a y  T e s t  P e r io d )

F o r m u la t io n F  o r m u la t io n
( A c t i v e / O i l ) T y p e S ta in in g  V a lu e

5 % a lu m in u m  h y d r o x y c h l o r i d e — 
z i r c o n y l  h y d r o x y c h l o r i d e — 

g l y c i n e  c o m p l e x / d i b u t y l  p h t h a la t e

H y b r i d 1 .0

5% a lu m in u m  c h lo r h y d r a t e /m i x e d  

s i l i c o n e s
H y b r i d 0 .2 6

3 .5 % a lu m in u m  c h lo r h y d r a t e /m i x e d A e r o s o l 0 .1 7

s i l i c o n e s p o w d e r

3.5% a lu m in u m  c h lo r h y d r a t e  / P o w d e r 0 .7 0

i s o p r o p y l  m y r is ta te in - o i l

C osm etic  A ccep ta b ility

In considering the overall properties of an antiperspirant, cosmetic and 
perfume qualities are a key consideration. The dispensing oils, when not 
runny, can create a pleasant tactile feel. The propellant, when optimized, can 
reduce coldness of the spray when applied to the skin. Overall, a product is 
cosmetically better when it goes on dry, without caking, and is gentle to both 
skin and clothing. The best technique for evaluating these properties and 
their overall effect on product acceptability is by full scale market research 
procedures, though some laboratory procedures for individual properties are 
also used.
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S afety

The criteria for evaluating safety of antiperspirant formulations include 
a consideration of the effect of the product on the skin and its aerosolized 
properties. Routine safety evaluation of a new formulation comprises deter
mination of acute oral and dermal toxicity, primary eye and skin irritation, 
acute and subacute inhalation studies in rabbits and monkeys, and sensitiza
tion in guinea pigs and in humans.

Aerosol antiperspirants have received considerable publicity as a result of 
potential inhalation hazards that may be associated with low-level, long-term 
exposure to propellant gases and particulate aerosols in general. Recently, 
Drew (44) reported that persistent lung granulomas were observed in ham
sters exposed to an aerosolized liquid system based on a propylene glycol 
complex of ACH at 50 mg./m3 for 6 hours a day for 10, 20, and 30 days.

Antiperspirants are classified as drugs and are subject to the Food and Drug 
Administration’s OTC review procedure. A request to provide safety and 
efficacy data for review by the OTC panel has been made (45) and hearings 
started in the early part of 1974.

From the earlier description of the two methods for evaluating antiperspi
rant efficacy used in our laboratory, namely, the normal activity method and 
the controlled environment method, it seemed plausible to hypothesize that 
since methodologies were basically similar, the results too would be of the 
same order of magnitude, or at least provide similar directional guidelines.

The result obtained when testing a standard powder-in-oil formulation on 
four different occasions spread over a period of a year and a half are shown 
in Table VII. The results are 3-day averages and are expressed with a con
fidence limit of 95%.

A n t ip e r s p ir a n t  T e st  R esu lts

N orm al A c tiv ity  M eth o d

T a b l e  V I I

A n t ip e r s p ir a n t  E f f i c a c y  o f  a  3 .5 %  
A lu m in u m  C h l o r h y d r a t e  P o w d e r - in - o i l  
F o r m u la t io n  ( N o r m a l  A c t iv i t y  M e t h o d )

T e s t  N u m b e r M e a n  %  S w e a t  R e d u c t io n

1
2
3
4

20.6 ±  1.8 
21.6 ±  2.6 
2 1 .0  ±  2 .4  
2 7 .8  ±  2 .7
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T a b l e  V I I I

A n t ip e r s p ir a n t  E f f i c a c y  o f  D i f f e r e n t  A c t iv e s  
in  P o w d e r - i n - o i l  F o r m u la t io n s  ( N o r m a l  A c t iv i t y  M e t h o d )

P e r  C e n t  
A c t iv e

M e a n  %  S w e a t  
R e d u c t i o n

A lu m in u m  c h lo r h y d r o x i d e 3 .5 2 2 .8  ±  2 .7
B a s ic  a lu m in u m  b r o m id e 3 .5 2 3 .6  ±  4 .0
B a s ic  a lu m in u m  n it r a te 3 .5 2 3 .2  ±  3 .9
B a s ic  a lu m in u m  b r o m i d e — 

z i r c o n y l  h y d r o x y  o x y -  
b r o m id e

3 .5 2 5 .5  ±  4 .0

B a s ic  a lu m in u m  h y d r o x y  

c h l o r i d e —z i r c o n y l  h y d r o x y  
o x y c h l o r id e

3 .5 2 5 .1  ± 3 . 1

M a g n e s iu m  a lu m in u m  z i r c o n iu m  
g l u c o n a t e  c h lo r id e

3 .5 2 2 .4  ±  4 .0

M a g n e s iu m  a lu m in u m  z i r c o n iu m  
g l u c o n a t e  b r o m id e

3 .5 2 2 .7  ±  2 .9

In a second series, different active materials were examined in a powder-in- 
oil formulation. The compounds tested and the efficacy results are listed in 
Table VIII. It was found that regardless of the active material used, the re
sults all fell within a very narrow range.

The results obtained comparing the sweat reduction efficacy of different 
types of antiperspirant formulations including an aerosol powder-in-oil, an 
aerosol powder, a hybrid formula, a roll-on, and a 20% aluminum chlorhy- 
droxide solution are shown in Table IX. In the solution forms (roll-on or 20% 
aqueous) between 35 and 40% sweat reduction was observed. The two powder 
versions reduced perspiration by 22%, while the hybrid formula gave a slight
ly higher result, namely 27%, a difference which is real from the statistical 
point of view, and probably due to the higher level of active ingredient (5% 
vs. 3.5% A C H ) of the hybrid version.

T a b l e  I X

A n t ip e r s p ir a n t  E f f i c a c y  o f  D i f f e r e n t  
F o r m u l a t io n  T y p e s  ( N o r m a l  A c t iv i t y  M e t h o d )

P r o d u c t  C a t e g o r y M e a n  %  S w e a t  R e d u c t i o n

3 . 5 %  p o w d e r - i n - o i l 2 2 .8  ±  2 .7
3 .5 %  d r y  p o w d e r 2 2 .1  ±  3 .3
2 0 %  A C H  s o lu t io n 3 9 .9  ±  4 .0
H y b r i d  fo r m u la t io n 2 7 .0  ±  4 .1
R o l l - o n  f o r m u la t io n 3 7 .5  ±  2 .6

P l a c e b o 2 .8  ±  2 .8
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T a b l e  X

S w e a t  R e d u c t i o n  as a F u n c t io n  o f  T i m e  f o r  
3 .5 %  A lu m in u m  C h l o r h y d r o x i d e  P o w d e r - in - o i l  

F o r m u la t io n  ( N o r m a l  A c t iv i t y  M e t h o d )

M e a n  %  S w e a t  R e d u c t i o n

T i m e  (h r s ) T e s t  1 T e s t  2 T e s t  3

3 2 2 .4  ±  3 .8 2 1 .1  ±  2 .9 2 4 .6  ±  2 .4
6 2 0 .0  ±  4 .3 2 0 .3  ±  4 .0 2 4 .0  ±  2 .7

9 1 8 .9  ±  3 .6 1 8 .0  ±  3 .7 1 9 .2  ±  3 .0
] 2 1 4 .0  ±  4 .1 1 2 .4  ±  2 .6 1 7 .1  ±  2 .5

T a b l e  X I

E f f e c t  o f  S p r a y in g  T i m e  (C o n c e n t r a t io n )  
o n  S w e a t  R e d u c t i o n  ( N o r m a l  A c t iv i t y  M e t h o d )

D u r a t i o n  o f  S p r a y  

(sec)

M e a n  %  S w e a t  R e d u c t i o n  

F o r m u la  A  F o r m u la  B

0.5 8 .5  ±  2 .5 1 0 .7  ±  2 .5
1 2 2 .8  ±  2 .9 2 5 .1  ±  4 .5
2 2 8 .0  ±  3 .2 3 0 .3  ±  3 .7
4 3 4 .9  ±  3 .8 3 5 .7  ±  3 .7

Since the various powder-in-oil formulations gave results in a very narrow 
efficacy range, regardless of active ingredient, it was decided to test the sen
sitivity of the method. A series of sweat reduction determinations were carried 
out as a function of time. Four collections were made following one applica
tion, at 3, 6, 9, and 12 hours on 3 successive days. The data obtained in three 
separate tests with a 3.5% powder-in-oil formulation are shown in Table X. 
Each test, conducted independently, produced essentially the same per cent 
decreases in sweat reduction over time. The method was able to distinguish 
quite successfully and distinctly between relatively small variations in sweat 
reduction.

In a second series of tests in which different spraying times were used, 
data were similarly obtained after one application in 3 consecutive days. The 
data are in Table XI. As the spraying time increased, the per cent sweat re
duction also increased.

The effect of the aluminum chlorhydroxide particle size on efficacy was 
also evaluated. Three different grades were used: Chlorhydrol Ultrafine,* one 
grade with a smaller particle size (56% retained on 10-/ jl screen), and one 
with a larger particle size (96% retained on 10-/a screen). No significant dif
ferences were found between the grades, as shown in Table XII.

° R e h e i s  C h e m ic a l  Co., Phoenix, Ariz.
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T a b l e  X I I

E f i e c t  o f  P a r t i c l e  S iz e
o n  S w e a t  R e d u c t i o n  (N o r m a l  A c t iv i t y  M e t h o d )

M e a n %  S w e a t  R e d u c t i o n

R e g u la r  (U ltv a F in e  A C H ) 2 2 .8  ±  2 .9
S m a lle r  p a r t ic le  s iz e  th a n

U lt r a F in e  A C H  ( 9 6 %  r e t a in e d  o n  
1 0 -^  s c r e e n )

2 4 .9  ±  3 .3

L a r g e r  p a r t ic le  s iz e  th a n
U lt r a F in e  A C H  ( 5 6 %  r e t a in e d  o n

2 3 .9  ±  3 .1

1 0 -/r  s c r e e n )

T a b le  X I I I

A n t ip e r s p ir a n t  E f f i c a c y  o f  a  3 .5 %  A lu m in u m  C h lo r h y d r a t e  
P o w d e r - in - o i l  F o r m u la t io n  ( C o n t r o l l e d  E n v ir o n m e n t  M e t h o d )

T e s t M e a n  %  S w e a t  R e d u c t io n

1 1 2 .6  ±  3 .6
2 3 3 .6  ±  5 .2
3 1 6 .0  ±  4 .1
4 2 2 .3  ±  9 .8

T a b le  X I V

A n t ip e r s p ir a n t  E f f i c a c y  o f  a 3 .5 %  B a s ic  A lu m in u m  B r o m id e  
P o w d e r  in - o i l  F o r m u la t io n  ( C o n t r o l l e d  E n v ir o n m e n t  M e t h o d )

T e s t M e a n  %  S w e a t  R e d u c t io n

1 3 5 .0  ±  4 .2

2 6 .7  ±  6 .0

3 2 1 .2  ±  4 .2

C on tro lled  E n viron m en t M eth o d

The same 3.5% powder-in-oil formulation used in the normal method was 
evaluated under the controlled environmental conditions. The results ob
tained are summarized in Table XIII. Results ranged from 12.6% to 33.6% 
sweat reduction. In another series, a 3.5% basic aluminum bromide powder- 
in-oil formulation was tested. The results are shown in Table XIV and again 
showed little reproducibility.

D isc u ssio n  o f  R e su lts

In general, it was found that in our hands when using the controlled envi
ronment method, there was a wide spread of results when the same formu
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lations and the same active ingredients were tested. Because of these difficul
ties, we have fewer results to report, and are continuing to investigate this 
technique.

On the other hand, the normal activity method gave reproducible results 
under a variety of conditions. It did not show any real differences between 
the effectiveness of different active ingredients under the same formulation 
conditions. That did not mean that the normal activity method was insensi
tive, since it very effectively distinguished between powder-in-oil formula
tions and roll-ons, and clearly indicated variations of antiperspirant efficacy 
as a function of time or concentration.

The controlled environment method differs from the normal activity meth
od in several ways. The controlled method employs a 2-sec spray, whereas 
the normal method utilizes a 1-sec spray. Treatment and collection times are 
different; in particular, the time periods for collection between the normal 
and controlled methods differ in length (4 hours vs. 40 min) and conditioning 
i.e., the controlled method utilizes a conditioning period before the pads are 
applied for collection purposes.

Another reason for the differences observed between the normal and the 
controlled testing techniques is possibly due to the conditions used in the con
trolled test. Going into a 100°F sweat chamber at 35% humidity can be a 
challenging stimulus to the body. Consequently, not only is perspiration 
elicited as a function of temperature, but also due to the challenge to the cen
tral nervous system (19)

C o n c l u s io n s

We have concluded that the normal activity method is a more useful tool 
for providing guidance on the relative efficacy of different formulations and 
different active ingredients. The method also closely approximates what the 
consumer experiences in actual use and we have been able to correlate 
efficacy data with observations reported in large-scale, carefully designed 
consumer tests.

Certain additional considerations must be kept in mind when considering 
gravimetric procedures for the determination of antiperspirant efficacy. 
Bakiewicz (46) has shown that when thermal stimulation is used to induce 
perspiration, results can vary with body position. Results can also be influ
enced by drinking cold liquids, variations in the relative humidity of the 
room, or even by selecting panelists who are “high sweaters” or “low sweat
ers.” For example, Tronnier and Rentschler (47) reported that the same prod
uct under controlled environmental conditions gave a 20% sweat reduction 
when applied to a low sweater, while there was a 50% reduction with a group 
of people classified as high sweaters.

To summarize our views on antiperspirant test methodology: regardless of 
the methods used by us or reported in the literature, most of our results for
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sweat reduction efficacies for aerosol powder-in-oil and hybrid formulas fall 
between 20% to 30%. These figures can be restated by saying that a subject 
was sweating with a 70% to 80% efficiency rather than his normal 100% 
efficiency. Thus, even if laboratory procedures know how to measure these 
differences, it is debatable whether the consumer can distinguish between 
them. While not negating the use of these gravimetric methods to provide 
data to use as a guide to optimize formulations, or to compare new active 
ingredients, or to evaluate interaction of materials, care must be taken when 
these numbers are used for promotional purposes. Small differences, even 
though statistically significant, should not be magnified out of proportion. It 
is important that management understands and appreciates the differences in 
testing methods, and recognizes the limitations and specialized meaning of 
the data derived from these techniques.

(Received April 2, 1974)
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C E T I N A ®
F a t t y  E s t e r  A l k a n o l a m i d e , S p e r m w a x - a m i d e  
Self-em ulsifuing Synthetic Sperm aceti-am ide  

The Satiny Feel 
•

G L Y C I N E  N .  F .
A m i n o  A c e t i c  A c i d  G l y c o c o l l  

C r y s t a l s  P o w d e r  
For Buffering and Flavor Enhancing 

•

R O B A N E ®
(CTFA Dictionary 1973)

P u r i f i e d  I l e x a m e t h y l t e t r a c o s a n e , S q u a la n e  
L iquid  vehicle N A T U R A L  to skin and sebum  

A truly NATURAL adjunct to the 
Cosmeto-Dermatological field.

•

S P E R M W A X ®
(CTFA Dietionarv 1973)
Synthetic SPERMACETI

A  N E W  s y n t h e t i c  w a x  e s te r w h i c h  a lm o s t  
d u p lic a t e s  t h e  p r o p e r ti e s  o f  N a t u r a l  S p e r m a c e t i  

•

S U P R A E N E ®
(CTFA Dictionary 1973— No. 1)

P u r i f i e d  m o r e  S t a b i l i z e d  H e x a m e t h y l t e t r a c o s a h e x a e n e , 
S Q U A L E N E —t h e  N a t u r a l  P o l y u n s a t u r a t e  

A product of human sebum 
•

U R E A  P E R O X I D E
( P e r c a r b a m i d e )

P o w d e r
A dry form of hydrogen peroxide

ROBECO CHEMICALS, INC.
5 1  M adison A venue, New Y o rk , N .Y . 1 0 0 1 0

Cable Address “Rodrug” N.Y. Telex: 23-3053
Tel. (212) 683-7500

® R e g . U .S .  P a t . O f f .  RP a t . P e n d .



T A L C
+

K A O L IN
+

O T T A S E P T ®
+

S T E A R A T E S
+

C O S M E T IC  C O L O R S
+

M IN E R A L  C O L L O ID S
+

T IT A N IU M  D IO X ID E  T G A

Whittaker, Clark & Daniels, Inc.
1000 Coolidge Street, South Plainfield, New Jersey 07080



She Knows You. She Doesn’t Know Us.
She s a model, and a few minutes after this picture was them. She knows your name, but she doesn t know ours
taken she was applying cosmetics in preparation for a 
TV commercial.

But we aren t shook up about that, just so you  know us. 
Penreco—a reliable supplier of quality white oils and 
petrolatums for the cosmetics industry.
Penreco, 106 S. Main St., Butler, Pa. 16001Cosmetics are your business, they are an essential part 

of hers, and an important part of ours. You make them. 
She uses them. We supply white oils and petrolatums for
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A¡ c w  p e r n - q i o ’ u \ / p c ^ u 4

First pure bismuth oxychloride to offer resistance to UV light 
without addition of UV absorbers

This novel pearlescent pigm ent lets the ch e m 

ist form ulate for transparent packaging with

out sacrificing the m any benefits of bismuth  

o x y ch lo rid e  — and w ith ou t a d d in g  UV ab- 

sorbers. At right, our photograph show s what 

happened when BiOCI from major suppliers, 

and PEARL-GLO UVR, were exposed to long 

wave UV black light for 2 0  hours. All fu m ed  

grey, except PEARL-GLO UVR. PEARL-GLO  

UVR im parts the sam e rich pearlescence and 

luster as other bismuth oxychloride pigments.

It disperses as easily, com presses as readily, adheres to skin as well. Whether 

the product is intended for transparent packaging or not, PEARL-GLO UVR p ig 

m ent adds an extra degree of protection while providing all the advantages  
of pure bismuth oxychloride pearlescence.

PEARL-GLO

A B UVR C D

Top half of photograph shows BiOCI samples exposed 
to U.V. light. Lower half of photograph shows same 
samples unexposed.

Eye shadows and blushers (in pressed powders, creams, lotons, wax sticks, crayons,
pencils, pots and gels)

Lip sticks and lip glosses (in wax sticks and pots)
Mallinchrodt Cosmetic Chemicals 
P O Box 5439, St Louis, Mo 63160 
Phone: St Louis (314) 731-4141

Jersey City (201) 432-2500 
Los Angeles (213! 583-6911

TYPICAL ANALYSIS:

Assay BiOCI 98% minimum
Appearance White, pearlescent, free flowing powder
Particle size Average 15-25 microns; 99% less than 74 microns
Lead 20 ppm max.
Arsenic 3 ppm max.
Microbial analysis Total count: 100 colonies per gram maximum 

Pathogens: Negative ◄

Mallinckrodt Canada. Ltd 
Pomte Claire. Quebec, Canada 
Mallinckrodt Far East Corporation 
Tokyo. Japan
Mallinckrodt (U K ) Ltd
Heathrow Airport
London. England
Byk-Mallinckrodt
Chemische Produkte Gmbh
324 Wesel (Rhein), West Germany
Mallinckrodt Chemical Works 
North Point, Hong Kong

Mallinckrodt
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Professor Dee and Major Dart 
The two of them dig modern art 
They look—they see, they never 

doubt
Always sense what it’s all about 
Dee’s dad is Daff, Dart’s mom 

is Dill
And the four of them luff- 

luff Noville.

essential oil co inc
NORTH IERGEN, N. J.

ASSOCIATED COMPANY
NICKSTADT-MOELLER, INC.

Ridgefield, N. J. 07047

Member of the Research Institute 
for Fragrance Materials, Inc.

UDINI Z A

Lonza has all 3  types 
of amphoterics. 
Who else has?

Alkylamino- and alkylamido-betaines 
and substituted imidazoline amphoterics,
a s  w e l l  a s  d e r i v a t i v e s  o f  e a c h .  T h a t ’s 

w h a t  L o n z a  h a s .

I n  f a c t ,  o u r s  is  t h e  b r o a d e s t  l i n e  o f  

a m p h o t e r i c s  a v a i l a b l e .  A n d  t h e y  h a v e  

a n  e x c e p t i o n a l l y  b r o a d  r a n g e  o f  

a p p l i c a t i o n s  a s  w e l l — c o s m e t i c s  a n d  

d e t e r g e n t s ,  t o i l e t r i e s  a n d  i n d u s t r i a l  

p r o d u c t s .

T h e s e  v e r s a t i l e  s u r f a c t a n t s  h a v e  h i g h  

h a r d  w a t e r  t o l e r a n c e ,  a r e  e x c e l l e n t  f o a m  

p r o d u c e r s  a n d  a r e  b i o d e g r a d a b l e .  M i l d  

in  c h a r a c t e r ,  t h e y  r e d u c e  t h e  i r r i t a t i o n  

p o t e n t i a l  o f  m a n y  t y p e s  o f  f o r m u l a t i o n s .

L o n z a  t e c h n i c a l  s e r v i c e  c a n  h e l p  y o u  

i n v e s t i g a t e  t h e  u s e  o f  a m p h o t e r i c  

s u r f a c t a n t s  in  y o u r  e x i s t i n g  p r o d u c t s  o r  

i n  t h e  d e v e l o p m e n t  o f  n e w  o n e s .  C a l l  o r  

w r i t e  t o d a y  f o r  f u l l  d e t a i l s .

Lonza m e a n s d ep en d ab ility .
Lonza Inc., 22-10 Route 208, Fair Lawn, N.J. 07410 

(201) 791-7500
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C O S M E T IC
G RA D E

C H E M IC A L
S P E C IA L T IE S

The most modern laboratory and process in
strumentation assure the finest quality cos
metic grade emollients, surfactants, sun
screens and perfume compounds.

CERAPHYLS®— A series of unique, non-greasy 
emollients which, at low usage levels, impart 
the elegant, velvety feel so desirable to any 
cosmetic product.

CERASYNTS -  EMULSYNTS -  FOAMOLES— A 
specialty line of esters and amides manu
factured from the finest quality fatty acids 
that offer a complete range of emulsifiers and 
opacifiers for the most demanding formul- 
lations.

PERFUME COMPOUNDS— A complete range 
of fragrance types blended to suit the specific 
requirements of any given cosmetic product.

ESCALOLS®— For over a quarter of a century 
these highest quality, most effective ultra 
violet absorbers have received world wide ac
ceptance in every type of suntan formulation.

All of these products meet rigid specifications 
to insure their uniformity.

I

t

VSince 1904 . . . QUALITY and SERVICE.
« 5 .
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International Flavors & Fragrances Inc. 521 West 57th Street NewNbrk. NY 10019 (212) * 5-5500



Keep their virtues unimpaired. 
Use parabens for cosmetics.

Mallinckrodt parabens offer more than a hope. They offer the 
certainty of the best protection of its type.

W e have a wealth of experience in protecting cosmetics, drugs, 
pharmaceuticals and foods. To this end we have an unusually 

extensive line of para-hydroxybenzoates, including methyl, propyl, 
butyl, ethyl, heptyl.

More, we have an extraordinarily skilled technical service staff to 
help with any preservation problem. Call upon them today. 

Also, sorbic acid, potassium  sorbate, sodium  benzoate.

Mallinckrodt Chemical Works/Washine Division
Lodi, N.J. 07644/ (201) 471-4500WASMINE DIVISION
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HERE'S A PRACTICAL SOLUTION 
TO THE PROBLEMS OF COMPATIBILITY 

WITH AEROSOL PROPELLANTS

More and more formulations are including the 
ISOPROPYLANS. Why? Mainly, because they are 
proven as superior emollients. They deposit non- 
greasy films that promote moisture retention and 
impart softness and suppleness to the skin. Ideal for 
aerosol preparations because of their compatibility 
with propellants. Get all the facts. They may be 
a boon to your product. Write for Bulletin 45.

R O B IN S O N  W A G N E R  C O .r IN C .
628 Waverly Avenue, Mamaroneck, N. Y. 10543 Tel.: 914/698-8550





It motivates Amerchol.

P rid e
It prompted meticulous in-plant house
keeping, uncompromising quality control 
rigorous microbiological examination of 
all products, long before governmental 
pressures made them imperative.
Pride fosters the innovative research 
that improves your product line by 
improving ours...
Demands sophisticated production 
processes that allow no short cuts...
Creates the dedication that has made 
Amerchol lanolin derivatives and 
chemical specialties the standards of 
excellence in cosmetic and pharma
ceutical formulating.
Pride. Admittedly it’s an expense. 
Because we don't settle for anything 
less than undeviating quality.
And it helps us grow. Because so many 
of you feel the same.
ACETULAN
Acetylated lanolin alcohols
AMERCHOL1
Multisterol extracts
AMERLATE
Lanolin fatty acid derivatives 
AMEROXOLTV 
Alkoxylated fatty alcohols 
AMERSCREEN™
UV absorbers
GLUCAM’-’
Alkoxylated glucose derivatives
MODULAN
Acetylated lanolin
OHIan™
Hydroxylated lanolin 
POLYLAN
Essential polyunsaturate 
SOLULAN
Alkoxylated lanolin derivatives

Amerchol Park, Edison, New Jersey 0881/ 
(201)287-1600 Cable: Amerchols 

Telex: 833 472 Amerchol Edin


	JOURNAL OF THE SOCIETY OF COSMETIC CHEMISTS 1974 VOL.25 NO.11 NOVEMBER
	CONTENTS
	SYNOPSES FOR CARD INDEXES
	The Stabilization of Nonionic Aerosol Emulsions. Propellant Additives
	Formulating High-Foaming Cosmetic Products
	Microemulsions
	Antiperspirants: New Trends in Formulation and Testing Technology
	INDEX TO ADVERTISERS

