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Q u a lity  im p ro ve m en t 
w ith c o s t  re d u c t io n s —
T h e  In o le x  P lu s
In 2 out of 3 fo rm u las  that w e  have 
tested  re cen tly , the ad d itio n  of 
L e x a in e  C  im proved  foam ing  
q u a lit ie s  w h ile  re d uc ing  co sts . 
T h e se  te sts  m ade in ou r 
labo rato ries w e re  repeated  and 
co n firm ed  by the m an u factu re rs  
of the sh am p o o s  w e w orked  on.

L e x a in e  C  (C o cam id o p ro p y l 
B e ta in e ) in c re a se s  fo am ing  actio n  
and im p ro ves v is c o s ity  w hen 
su b stitu te d  for a p ortion  of the 
other a c t ive s . S y n e rg is t ic  a c tio n  
re d u ce s  total a c t iv e s  needed  and 
the co st.

In o lex h as  p io neered  Be ta in e  
re se a rch  in a w id e  range  of 
fo rm u las , from  gen tle  baby 
sh am p o o s  th rough pow erfu l 
an ti-d an d ru ff sh am p o o s , over the 
en tire  pH range . We w ill send  you

L e x a in e  C  sa m p le s  and sug g ested  
fo rm u las  that w ill he lp  re d u ce  the 
co s t of yo u r sham po o  w h ile  
m ain ta in in g  or im proving  its 
q u a lity . W rite  or ca ll fo r our 
L e x a in e  C  Data P a ck  and 
sam p le s  today.

[ M M
Subsidiary of American Can Company

Persona! Care Division 
3 Science Road 
Glenwood, Illinois 604^5 
312/755-2933 
Toll Free 800-323-0070

\ J #
x a ^ o o

Please send your Lexaine C Data Pack 
and samples. Also include information 
regarding your:

□  Concentrates □  Preservatives
□  Emollients □  Proteins
□  Emulsifiers

Company_

Phone____

Address__

City______

I LX 5975 
Lexaine  C
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HYDROLYZED ANIMAL PROTEIN. 
YOU’RE SEEING IT MORE AND MORE

. . .  b e c a u s e  p r o te in ’s  m o is tu re  b in d in g ,  f ilm  fo rm in g , s ta b i l iz in g  a n d  
c o n d i t io n in g  e f f e c ts  a r e  re a l!

In  t o d a y ’s c o m p e t i t iv e  m a r k e t  p la c e , p r o d u c t  c la im s  m u s t  m a tc h  c o n s u m e i  
p e r c e p t io n .  T h e  F T C  j u s t  w o n ’t  h a v e  i t  a n y  o th e r  w ay .

I t ’s  o u r  c o n te n t io n  t h a t  th e  in c lu s io n  o f  p r o te in  in  y o u r  s h a m p o o s , c o n d i
t io n e r s  a n d  s k in  t r e a tm e n t  p r o d u c ts  is  o n e  o f  th e  e a s i e s t  w a y s  to  p r o v id e  
p e r c e p tib le  p e r f o r m a n c e .  T h i s  is  w h y  h y d r o ly z e d  a n im a l  p r o te in  is  a p p e a r in g

o n  th e  i n g r e d ie n t  l i s t in g  o f so  m a n y  
c o s m e t ic s  a n d  t o i l e t r i e s . . .a n d  p r e t t y  h ig h  
u p  a t  th a t .

C ro te in  Q . C ro d a ’s  a d v a n c e d  p r o te in  
r e s e a r c h  h a s  c r e a te d  a  u n iq u e  m o le c u le  b y  
g r a f t in g  a  q u a te r n a r y  a m m o n iu m  g r o u p  
d i r e c t ly  o n  a  fu n c t io n a l  p r o te in  s k e le to n .  
T h e  q u a t  g r o u p s  t h a t  h a v e  b e e n  a d d e d  a r e  
m o re  i n te n s e ly  c a tio n ic  t h a n  th e  a m in o  
g r o u p s  t h e y  r e p la c e ,  so  t h a t  C ro te in  Q  w ill 
b in d  m o re  t ig h t ly  a n io n ic  g r o u p s  s u c h  a s  
th e  c a rb o x y l  g r o u p s  o f  s k in  a n d  h a ir . M o s t  

im p o r ta n t ly ,  C r o te in  Q  r e t a in s  i t s  p o s i t iv e  c h a r g e  e v e n  a t  a lk a l in e  p H ’s  a t  w h ic h  
a m in o  g r o u p s  w ill h a v e  lo s t  t h e i r  s u b s ta n t iv i ty .

B u t  y o u  d o n ’t  h a v e  to  b e  a  p o s t-d o c to ra l  fe l lo w  in  o r g a n ic  c h e m is t r y  to  
s p e c i f y  p r o te in  p e r f o r m a n c e ,  j u s t  r e m e m b e r  t h e s e  n a m e s  fo r  th e  b r o a d e s t  
r a n g e  o f  t h e s e  v e r s a t i l e  m a te r ia ls :  CROTEIN, CRODYNE AND COLLASOL f ro m  
C r o d a — o f  c o u rs e !

arm water.
FORE US'NG-

g s s
u v n R O L Y Z E D  ANIMtt

A N IM A L  PRO TEIN ,

Croda

S i
C rotein  SP C , SP A , S P O  (m o lecu la r w e ig h t 10 ,000 — 1,000), C rodyne BY-19 (m olecu la r w e ig h t 2 5 ,0 0 0 ), C ro te in  H 
C A A  A m ino  A cid  M ix tu re s  (m o lecu la r w e ig h t 100), Collasol W hole S oluble  C ollagen  (m o lecu la r w e ig h t 3 0 0 ,0 0 0 )

C roda  Inc., 51 M ad ison  A v en u e, N ew  York, N ew  York 10010 (212) 6 8 3 -3 0 8 9
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SYNOPSES FOR CARD INDEXES

The following synopses can be cut out and mounted on 3 x 5 index cards for reference, w ithout m uti
lating the pages of the Journal.

Fractography of human hair: G. H. Henderson, G. M. Kay and J. J. O'NeiM. Journal of the So
ciety of Cosmetic Chemists 29,449 (August 1978)

Synopsis—Scanning electron microscopy and optical microscopy show that when human hair is 
extended in water the cuticle usually suffers multiple circumferential fracture with local separation 
from the cortex before the latter fractures. The cortex fracture is typically smooth and perpen
dicular to the fiber axis. In the dry state the fracture is more irregular indicating axial splitting of 
the cortex before or during fracture without prior failure of the cuticle. Except for the cuticle— 
cortex separation which occurs in wet extension, fracture surfaces do not show a strong tendency 
to follow cell boundaries.

Stiffness of human hair fibers: G. V. Scott and C. R. Robbins. Journal of the Society of Cosmetic 
Chemists 29,469 (August 1978)

Synopsis—The stiffness of component fibers is known to be important to the behavior of a fiber 
mass, but measurements are lacking in the cosmetic literature probably because of experimental 
difficulties with published methods. Recognizing this, we devised a simple method to compare 
fibers for stiffness. A fiber with a small weight on each end is draped over a wire and the distance 
(“D") between the vertical legs is measured. Fibers with a wide range of thicknesses clearly showed 
that values of “D ” relate linearly to cross-sectional areas, as expected of "stiffness." This prompted 
a theoretical study which yielded equations in terms of “D” for calculating, e.g., elastic bending 
moduli and shapes of hanging fibers. Empirical and theoretical guides are given for selection of 
wire diameter and fiber weights. The average elastic modulus for bending fibers, assumed round in 
cross section, is approximately equal to that for stretching the same fibers. Fiber stiffness is af
fected by humidity and chemical treatments but is relatively unaffected by shampoos.

U b er die bee in flu ssung  der an ae ro b en  b ak te r ien flo ra  im ta lg d riise - 
nausfùhrungsgang durch eine athyllactatund àthanolhaltige filmmaske und 
eine antim ikrobielle tensidlòsung: M. Gloor, W. Wolf and M. Frank e. Journal of the Society 
of Cosmetic Chemists 29,487 (August 1978)

Synopsis— A group of 15 healthy male subjects was treated with a face mask containing 1% ethyl 
lactate and 50% ethanol, while a matched group was treated with an antimicrobial surfactant solu
tion with Aromox DMMCDW and Elfan NS242. The left side of the forehead was used as the test 
area, and a similar active agent free mask and a non-antimicrobial surfactant solution was applied to 
the right side of the forehead of each individual. Before the start of the treatment and 24 hears 
after the treatment the number of saprophytic bacteria in the pilosebaceous ducts was anal zed 
with the aid of a special anaerobic technique. The mask containing ethyl lactate and ethanol c; used 
a significant reduction in the total bacteria and in the propionibacteria counts. The antimicrobial 
surfactant solution effected a significant decrease in the total bacteria count but did not alter the 
propionibacteria count. The results indicate that the test mask is an effective acne treatment. The 
efficacy of the treatment with the surfactant solution has not yet been determined.

Cosmetic properties and structure of fine-particle synthetic precipitated silicas: S. K.
Wason. Journal of the Society of Cosmetic Chemists 29,497 (August 1978)

Synopsis— Submicron-fine particle, synthetic silicas are of three types: fumed silicas, silica gels 
and precipitated silicas. Recent research has led to the synthesis of a wide variety of new con- 
trolled-structure, functional-precipitated silicas which exhibit unique cosmetic and dentifrice 
properties. The end-use applications of the precipitated silicas can be controlled by controlling 
their structure. It is now possible to make predictions regarding the thickening, viscosity building, 
humectant demand index, dentifrice abrasive and polishing characteristics of the new class ot 
synthetic, precipitated products. The methods of preparation, the chemistry, the structure and the 
new cosmetic applications of the precipitated products are discussed.

/
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Synopsis

Scanning electron microscopy and optical microscopy show that when HUMAN HAIR is extended in water 
the cuticle usually suffers multiple circumferential FRACTURE with local separation from the cortex before 
the latter fractures. The cortex fracture is typically smooth and perpendicular to the fiber axis. In the dry 
state the fracture is more irregular indicating axial splitting of the cortex before or during fracture without 
prior failure of the cuticle. Except for the cuticle-cortex separation which occurs in wet extension, fracture 
surfaces do not show a strong tendency to follow cell boundaries.

IN T R O D U C T IO N

Scanning electron microscopy has been applied extensively to the study of human hair 
topography. Applications have ranged from studies of pathological conditions (1-3) to 
assessment of the effects of normal weathering and grooming (4) and of cosmetic treat
ments (5, 6). More recently there have been reports of direct observation of the 
response of hair to mechanical stresses applied by means of apparatus specially 
designed to manipulate hair in the specimen chamber of the microscope in modes 
simulating a variety of grooming operations such as brushing and backcombing (7, 8).
In this paper we report results of a more conventional study of the topography of hair 
after tensile strain in different environments and after different pretreatments. We dis
cuss our observations with reference to the known histology and chemistry of hair and 
the expected response to factors such as hydration and age.

M A T E R IA L S  A N D  M E T H O D S

Natural brown European hair was obtained from DeMeo Brothers, New York, New 
York. With the single exception of the study of fracture type versus age, this hair was 
used throughout. For the latter study, hair samples were obtained from a young woman 
with long (approximately 50 cm), light brown virgin hair. The hairs were plucked or 
snipped at a distance not exceeding 1 cm from the scalp.
Bleaching with potassium persulfate/hydrogen peroxide was done in alternating 1- and
2-hr intervals to give 3- and 6-hr bleached hair. Fresh solution was introduced at the
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end of each interval. Hairs fractured in solvents were soaked a minimum of 16 hr 
before Instron testing. Variation in pH was accomplished by addition of acetic acid or 
ammonium hydroxide. It was noted after 16 hr that the pH of these systems was not af
fected by the hair. Relative humidities other than 50 ± 1% (room condition) were ob
tained for 20, 71, 79 and 90% by using saturated salt systems (9) in capped jars 
containing sample hanging racks and a fixed post. Samples to be fractured were equili
brated for a minimum of three days at 21 ± 1°C in these chambers. A glycerin/water 
mixture equivalent to a water activity of 50% RH was prepared using 22.5% water and 
77.5% anhydrous glycerin by weight.
Stress/strain measurements on hairs were made on a Model TT-B Instron Tester. Hairs 
were mounted in special holders of stainless steel with chamfered holes and secured 
with tapered Teflon plugs. The working length was 12.7 mm and most experiments 
were done at a constant rate of extension of 200%/min. Some determinations were 
made at one-tenth this speed (20%/min).
Hairs run in the humidity chambers were fixed between small screw clamps to provide 
the desired working length and suspended between a hook on the Instron and the fixed 
post in the chamber. The hook extended down through a small hole in the cover. The 
screw clamp subjected the hair to a 2- to 3-g stress during the conditioning period 
which was ignored since the resulting extension is negligibly small.
The hairs were viewed in a Coates and Welter Cwik Scan Model 100-2 Field Emission 
Scanning Electron Microscope. Prior to viewing, the hairs were sputter coated with 
gold/palladium in a Denton DV-515 Evaporator equipped with a Model DSM-1 Sput
tering Module. The sputtering was done at 10 mA and 150 millitorr for 1.5 min in in
tervals of 30 sec.
For SEM viewing the hairs were mounted perpendicular to the surface of a standard 
Coates and Welter specimen stub. The length of hair exposed below the fracture varied 
but was generally of the order of 1 mm. Both sides of the fracture were examined in all 
cases.
The optical microscopy was carried out on hairs immersed in a dish of water on the 
stage of a Zeiss Universal Photomicroscope. The hairs were mounted on a Hoffmann 
hose clamp modified to permit use of the screw-driven bearings to stretch the 
specimen.

R E SU L T S

WET FRACTURE

The fracture surfaces of virgin hairs broken under water are often quite flat as shown in 
Figure 1. Here it appears that the fracture started at a small zone on the edge of the 
fiber and radiated from there in a plane perpendicular to the axis. Such detailed evi
dence of fracture propagation is seldom seen but, in general, the new surface is 
remarkably devoid of evidence of the cellular and subcellular fibrous structure of hair; 
the fracture pattern is much more similar to the brittle fractures of glass or carbon (10) 
than to the fracture patterns of other natural fibers such as cotton (11).
The cuticle fracture is also planar and perpendicular to the fiber axis and again evidence 
of cellular structure is lacking; there is little sign of delamination or axial slippage of the
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Figure 1. Fracture of natural brown hair in water

cuticle cells. At about a quarter of the fiber diameter from the fracture plane it can be 
seen that the cuticle has cracked circumferentially; this too is typical of the wet fracture 
pattern.
In Figure 1 the break fits Brown and Swift's description (7) “almost as if cut with a 
knife.” In a few cases, however, we observed wet fractures like that in Figure 2a where 
there is a gross mismatch of the fracture planes of the cuticle and cortex. A gap 
between cuticle and cortex can be seen in Figure 2b. Figure 2c is the opposing fracture 
surface which is complementary to the first. Here there is much clearer evidence of 
another circumferential failure of the cuticle far from the fracture surface. Such frac
tures of the cuticle were frequently observed several diameters from the fracture sur
face, as seen in Figure 3.
Although such cuticle fractures might have occurred at the instant of failure, the more 
intriguing possibility is that the cuticle fails well before the cortex. Two types of experi
ment proved that this is indeed the case. First, hairs that were extended in water to just 
short of failure, relaxed in water and then dried and examined in the SEM showed 
many cracks like those in Figure 3. Second, when hairs were extended incrementally in 
water and examined in the polarizing microscope it was evident in some cases, as 
shown in Figure 4, that at least part of the cuticle had ruptured. In Figure 4a the rup
ture lines are clearly seen in top focus against the bright corticle matter between 
slightly uncrossed polars. In Figure 4b at edge focus in the same view it can be seen that
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Figure 2. Sleeve-type break of natural brown hair in water showing (a) cortical plug, (b) cuticle fracture on 
plug showing separation from cortex and (c) cuticle sleeve

near the fracture lines the broken cuticle is flaring away from the fiber; this is seen 
more clearly in Figure 4c. 1

Figure 5a is an electron micrograph of the hair in Figure 4c after drying in the extended 
state. The cuticle flaring is seen again as well as grossly degenerated subcellular cuticle 
fragments which seem to be barely attached to their substrate. Figure 5b at higher 
magnification shows that the cortex is exposed between the flares and it also shows 
details of the spongy surface of the disrupted scales lying on what would seem to be an 
otherwise normal cuticle surface.

DRY FRACTURE

The fracture surfaces of hairs broken in air at 50% RH are generally more ragged than 
those of hairs broken in water. Figures 6 a and 6 b show two of the many types of breaks

1 Although the lower extensibility of cuticular tissue was reported in Alexander and Hudson, “Wool, Its 
Chemistry and Physics,” Chapman & Hall, London, 1954, pp 7 and 12 with prior reference to Reumuth, 
Klepzig, Textil-Z., 45, 288 (1942), we find that Reumuth in turn cites E. Lehmann, Melliand Textilber., 22, 
145 (1941). The Lehmann paper, however, does not contain the attributed illustration contained in Reumuth 
as well as in Alexander and Hudson. Two other Lehmann papers (in 1943 and 1944) likewise do not. 
Therefore, we cannot authenticate either the illustration or the experimental conditions under which it was 
obtained.
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Figure 4. Optical micrographs of natural brown hair at high extension in water, (a) top focus showing cuticle 
cracks, (b) edge focus showing flaring and (c) extreme flaring at higher extension



Figure 5. Scanning electron micrograph of natural brown hair extended in water and dried in air at fixed ex
tension showing (a) cuticle flaring and loose scales and (b) cortex visible in cuticle gap
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observed with virgin hair under these conditions. A feature common to most dry 
breaks is that the corticle fracture surfaces are of two kinds: first, flat, smooth surfaces 
perpendicular to the fiber axis just as in the wet breaks; and second, very rough sur
faces in the axial direction revealing details of fibrillation finer than the lateral dimen
sions of individual corticle cells. Because of the step-like arrangement of the flat radial 
surfaces these are referred to as step fractures.
In Figure 6 b there is an axial crack in the cuticle and more extreme examples of this are 
shown in Figures 7a and 7b. In dry breaks there is no evidence that the cuticle behaves 
as a mechanically independent entity; in particular, the cuticle does not split circum
ferentially as it does in a wet break. Optical examination of a few hairs extended in air 
revealed no change in the cuticle except possibly a slight uplifting of the distal edges of 
the scales as the breaking strain was approached.

AGE OF HAIR

Hairs 45 to 50 cm in length, taken from the crown of the scalp of a young woman who 
had not bleached, dyed or chemically waved her hair, were sampled near the root, the 
middle and the tip. As expected from observations such as those of Bottoms, Wyatt 
and Comaish (4), many of the tip sections were found to be partially or totally devoid 
of cuticle while the mid- and root-section specimens were covered with cuticle and re
sembled the commercial virgin hair.
Specimens from each section were broken in air at 50% RH and in water. The root- 
and mid-hair specimens of these hairs behaved very much like the commercial virgin 
hair; flat breaks with circumferential cuticle cracks were obtained in water, step frac
tures in air at 50% RH.
The tip sections broke more irregularly under both conditions. In air at 50% RH two 
out of five specimens were fibrillated completely at the cellular level, the flat step fea
ture being absent altogether as shown in Figure 8 . In water, seven out of ten fractures 
were flat, but three were more like the step fractures typical of dry air breaks.
Although the number of observations is too small to establish a correlation at a high 
level of confidence, it appears that hairs with more extensively damaged cuticle yield 
more jagged breaks.

PRE-STRESSED HAIRS

To further study the role of the cuticle in determining fracture type, five virgin hairs 
that had been hydrated and stretched in water almost to fracture were dried under ten
sion in air and fractured at 50% RH. All five fractures were flat and typical in all 
respects of a wet break. Hairs pre-stressed almost to break at 50% RH and then 
broken in water also gave flat fractures.

ENVIRONMENTAL EFFECTS

Virgin hairs conditioned and broken in air at 20, 71 and 79% RH yielded step frac
tures similar to those obtained at 50% RH, as described above. At 90% RH in air 
there was a transition to the flat-break pattern obtained in water although circum
ferential cuticle cracking was absent.
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Figure 6. Fractures of natural brown hair at 50% RH in air



Figure 7. Fractures of natural brown hair at 50% RH in air showing lateral shredding of cortex and axial 
splits through cuticle
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Figure 8. Fracture of aged hair at 50% RH in air illustrating tip-end cortical fibrillation

Hair broken in a warer/glycerin mixture equivalent to 50% RH gave flat breaks and 
this pattern was also obtained in anhydrous glycerin. In anhydrous ethanol and in ethyl 
acetate the fracture pattern was also more like that obtained in water than in air at 2 0  to 
79% RH in spite of the fact that the hair was not hydrated and gave, as expected, a 
stress-strain curve like that of dry hair. The sleeve-type break, somewhat like that 
shown in Figure 2, occurred more frequently than in water but with the significant dif
ference that the annular fracture surface (the surface seen on the protruding plug) was 
within the cortex, not at the cuticle-cortex junction; this is shown in Figure 9 where it 
can be seen that the plug tapers into the cortex. The fracture patterns obtained in 
solvents also differ from those in water in the fact that circumferential cracks in the 
cuticle do not occur. Although they are superficially similar to breaks in water, breaks 
in solvents are qualitatively different in detail.
Sodium lauryl sulfate at 3% had no noticeable effect on the fracture pattern relative to 
that in water, nor did adjustment of pH to 3, 9 and 11.

PRETREATMENTS

Fractographs of hairs bleached for 3 hr and broken in water are shown in Figure 10. 
The flat-fracture surface of the cortex is like that of virgin hair in water, but the 
cuticle disruption is much more extensive. Similar results were obtained with hair 
bleached for 6  hr. At 50% RH in air bleached hair yields step fractures not noticeably
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Figure 9- Fracture of natural brown hair in ethyl acetate

different from those of virgin hair. Defatting virgin hair by soaking overnight in 2:1 
chloroform/methanol had little or no effect on the fracture pattern in either water or 
air at 50% RH.

STRESS/STRAIN BEHAVIOR VS. RELATIVE HUMIDITY

Force and elongation measurements were made on natural brown hairs at several rela
tive humidities from 20 to 90%, and also immersed in water. To avoid introducing the 
variable of hair diameter, the dimensionless ratio of the force at the end of the 
Hookean region (plateau force) to the break force has been used for comparison of be
havior at different relative humidities. This ratio was found to decrease continuously as 
relative humidity increased, as shown in Figure 11. Also shown is the increase in 
percentage of elongation at break. The trend is opposite that of the plateau force/break 
force ratio. Instead of the steady decline exhibited by the ratio data, the percentage-of- 
elongation trend indicates a change in fracture mechanism above about 80% RH, 
where a sharp increase in extensibility begins.

DISCUSSION

These studies indicate that there are qualitatively distinct mechanisms involved in the 
tensile fracture of wet and dry virgin hair. In wet fracture we have observed the cuticle
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being gradually torn apart circumferentially before the catastrophic failure of the 
cortex. In air at relative humidities of 80% or less the cortex appears to have split 
axially into two or more mechanically independent subunits which failed in different 
radial planes, probably in rapid sequence, yielding a step fracture; in this case it appears 
that the cuticle fails in a pattern largely determined by that of the underlying corticle 
elements to which it remains firmly attached.
At 90% RH in air the cuticle and cortex fracture planes coincide as though the fiber 
were homogeneous. There is no evidence of prior failure of the cuticle as invariably oc
curs in wet breaks.
From these observations we infer that in the wet state the cortex is more extensible 
than the cuticle as has been reported on the basis of swelling experiments on animal 
hair (12, 13), but that in air at less than 90% RH the opposite is true; dry cortex is less 
extensible than dry cuticle. At 90% RH the extensibilities appear to be equal. Al
though at 50% RH the cuticle fracture seems to follow that of the cortex, its role may 
not be entirely passive. The fact that prior wet fracture of the cuticle leads to flat frac
ture of the cortex at 50% RH indicates that the cuticle is involved in the generation of 
the compressive or shear forces that crack the cortex axially, producing step fractures.
It is known that if hairs are stressed in water to an extension greater than their elonga
tion at break in 50% RH air and allowed to dry under tension, they do not break until 
more stress is applied.
As stated above, when they are then broken, flat breaks are obtained as though the 
fracture had occurred in water. On the other hand, if hairs are extended almost to 
break at 50% RH, then hydrated and broken in water, flat breaks are also obtained. 
Apparently the hairs “remember” the pre-stress in water, but not the pre-stress at 50% 
RH. We interpret this as confirmation of the proposed mechanism, i.e. during the pre
stress in water, the cuticle fails and subsequently the cotex therefore breaks flat even in 
50% RH air. The pre-stress in air did not cause failure of either the cuticle or the 
cortex, and the hairs therefore exhibit the normal flat break when subsequently 
hydrated and broken. Jagged breaks, then, are the product of failure of the cortex 
under conditions of intact and attached cuticle, which leads to the tearing and shred
ding observed.
The experiments in which hairs were pre-stressed at 50%- RH, then hydrated and 
broken in water, provide a confirmation that wet hair is weaker than dry hair. When 
hairs were extended to 58% elongation (which at 50% RH is virtually the breaking 
point) and then hydrated, the break force is at least 15% lower than the force required 
during the pre-stress in air. Experimentally, this is almost equivalent to breaking the 
same hair segment twice—once at 50% RH and once in water, thereby eliminating 
sample variation.
It is remarkable how little evidence of the cellular structure of hair is revealed in its 
fractography. The fibrous structure of the cortex is clearly seen only on the lateral sur
faces of dry step fractures. The cuticle cleaves as though it were a homogeneous sleeve; 
its imbricated cells do not slide over each other nor is delamination detectable except 
in high magnification views of some wet fractures.
This is in marked contrast to the behavior of cotton as reported by Hearle and Sparrow
(11). Dry fractures of cotton are complex and elongated; wet fractures are even more 
elongated and their resemblance to the fracture of a yarn was taken as an indication that 
water weakens the interfibrillar matter.
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A similar weakening might have been expected in the case of hair in view of its 
pronounced swelling in water, but from our data it would appear that the intercellular 
and interfibrillar material in both wet and dry hair is as strong as the keratinous matter 
in both the cortex and the cuticle. The cuticle-cortex boundary, however, is a zone of 
intercellular weakness in the wet state and this weakness is markedly aggravated by oxi
dative bleaching, as shown in Figure 10; cylindrical segments of the entire cuticle have 
been lost in the process of tensile fracture. This is the only evidence of bleach damage; 
dry breaks of bleached hair appear to be quite similar to those of virgin hair.
The weakness of this boundary is also revealed in virgin hair in sleeve fractures (Figure 
2) and in the related flaring of the cuticle after its tensile failure, as seen in Figure 4. 
The multiplicity of the cuticle cracks on wet extension indicates that the junction with 
the cortex fails only locally, probably as a result of the combined forces of axial shear 
and radial tension generated by the elastic relaxation of torn cuticle to its unstressed 
length and radius. The flaring in Figure 4c is about 30% of the fiber diameter as would 
be expected for relaxation from 70% extension at constant volume (assuming a 
Poisson ratio of 0.5 throughout).
The effect of age on hair fracture is quite different from that of bleach. Where cuticle is 
present its bond with the cortex seems unchanged, but the cortex in old hair splits and 
fibrillates much more than in young hair. With reference to virgin hair, we argued 
above that intact cuticle is involved in the generation of splitting forces; on the same 
argument we would expect that loss of cuticle on old hair should lead to less, not more, 
splitting on tensile fracture. From the fact that the contrary is observed we conclude 
that the major effect of aging in the cortex as revealed in fractography is a significant 
decrease in the inherent cohesiveness of this tissue at the intercellular level. Loss of 
cuticle in vivo, however, leaves the cortex much more vulnerable to other modes of 
stress and we do not wish to imply that such loss is of no consequence cosmetically; on 
the contrary, we propose that even in young hair cuticle rupture in the wet state may 
have significant cosmetic consequences. The evidence of multiple fracture of the 
cuticle on wet extension (Figures 3 and 4) suggests a mechanism for producing “friz- 
zies” in midshaft. If the detached cuticle were subsequently eroded away from such 
fracture sites the cortex would be locally exposed to mechanical and chemical attack. In 
extreme cases this might lead to a condition dermatologists would diagnose as acquired 
trichorrhexis nodosa (14).
The spongy scales seen in hairs dried in the extended state after wet stretching to 
cuticle rupture (Figure 4b) are thought to be the remains of cells which have split 
through the endocuticle layer as proposed by Swift and Bews (15) in reference to 
similar features on hair which had been subjected to prolonged agitation in water in 
their cuticle isolation procedure. It seems plausible that if the hair shown in Figure 4 
were even mildly scoured in the wet state the scales would slough off and the end result 
would be a normal-looking hair. This is supported by our observation that after a hair 
has been broken in water under the optical microscope a considerable amount of scaly, 
isotropic matter is seen in the bath. It seems reasonable to postulate that such cracking 
of the swollen endocuticle will occur in hairs under tension since the inclination of the 
stacked cuticle cells to the fiber axis should give rise to a component of force normal to 
their surfaces.
This sloughing phenomenon should be studied further, especially with reference to the 
question of whether it occurs at the much lower extensions involved in ordinary 
grooming operations (such as setting wet hair on rollers) and also whether it occurs
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when the entire cycle of extension and relaxation occurs in water. In either case it may 
make a significant contribution to the gradual loss of cuticle associated with aging.
Hair fractures in dry solvents (glycerin, ethanol and ethyl acetate) look like wet frac
tures on cursory examination, but the absence of cuticle cracks and the location of 
sleeve fracture surfaces in the cortex rather than at the base of the cuticle suggest a se
quence of events different from those of both wet and dry breaks.
The absence of noticeable response to pH variation and addition of surfactant indicates 
that the wet fracture dynamics are not very sensitive to either the charge state of the 
protein or to reduction of interfacial tension with the environment at the fracture site. 
Removal of accessible lipids with chloroform/methanol was also without noticeable ef
fect on dry or wet fractures.
With reference to Figure 11, the shape of the curves shows that there is not a direct 
relationship between the plateau-force/break-force ratio and percentage of elongation 
at break. Nevertheless some interesting features are noted. Compared with the 
reported decrease in plateau force vs. relative humidity for keratin fibers (1 6 ), we find 
that the plateau-force/break-force ratio decreases more slowly, indicating that a 
decrease in the break force also occurs with increasing relative humidity. This provides 
a second, indirect confirmation that wet hair is weaker than dry hair.
The percentage of elongation at break is almost constant at 55 to 60% in the 50 to 
79% RH range in which jagged fractures are almost invariably obtained in air. We con
clude that, except for highly hydrated hairs, this is the limiting extensibility of the 
cortex.
It is interesting to note in connection with the difference in hair fracture at inter
mediate vs. very high humidities that over 60% of the observed radial swelling of wool 
by water occurs above 70% RH (17), indicating a change in the effect of water at high 
humidities. Based on our results, we propose that a similar change in hair properties 
occurs at high humidities. Over 60% of the change in relative rigidity of wool occurs 
above 65% relative humidity (18). From our data and that on wool it appears that 
hydration is the dominant variable affecting both the stress/strain behavior and the 
fracture mechanics, and that the two are interrelated. It seems appropriate to point out 
that our data on percentage of elongation at high relative humidities follows a trend 
very similar to the uptake of water by wool in the same range (19). Based on our own 
data, hair shows the same behavior up to 90% RH, the highest humidity at which water 
uptake was determined.

SUMMARY

Fracture pattern and stress/strain behavior of hair are interrelated through degree of 
hydration. The different fracture patterns obtained for wet and dry hair are attributed 
to an inversion in the relative extensibilities of the cuticle and cortex. The boundary of 
these two tissues is weak in the wet state and this weakness is aggravated by oxidative 
bleaching. Aging causes a reduction of cohesiveness in the cortex as well as a loss of 
cuticle; a new mechanism, not necessarily involving abrasion, is proposed for cuticle 
loss. Finally, a new demonstration of the lower tensile strength of wet, relative to dry, 
hair is presented.
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Synopsis

The STIFFNESS of COMPONENT FIBERS is known to be important to the behavior of a fiber mass, but 
measurements are lacking in the cosmetic literature probably because of experimental difficulties with 
published methods. Recognizing this, we devised a simple method to compare fibers for stiffness.
A fiber with a small weight on each end is draped over a wire and the distance (“D") between the vertical legs 
is measured. Fibers with a wide range of thicknesses clearly showed that values of "D” relate linearly to cross- 
sectional areas, as expected of “stiffness.” This prompted a theoretical study which yielded equations in 
terms of “D” for calculating, e.g., elastic bending moduli and shapes of hanging fibers.
Empirical and theoretical guides are given for selection of wire diameter and fiber weights. The average 
elastic modulus for bending fibers, assumed round in cross section, is approximately equal to that for stretch
ing the same fibers. Fiber stiffness is affected by humidity and chemical treatments but is relatively unaf
fected by shampoos.

INTRODUCTION

The stiffness or resistance to bending of individual fibers unquestionably plays an im
portant role in determining the behavior of any assembly of fibers. Textile literature 
(1-7) recognizes this importance in attempts to relate fiber stiffness to such fabric 
properties as flexibility, drape, handle, crease resistance and wear. Although changes in 
fiber stiffness must likewise affect manageability, body, combing, wave retention and 
handle of human hair (8 , 9 ), the few hair measurements reported are mainly found in 
wool research literature (4, 10, 11). Several reasons may account for the lack of hair re
search in this area.
Measurement of fiber stiffness has been an experimentally difficult task. Our need for 
measurements arose during an investigation of effects on hair produced by polymeriza
tion within the fibers. Appreciable tensile increases were achieved, but we wished to 
directly measure changes in fiber stiffness. Sophisticated methods, each with appro
priate theory, were reviewed in the textile literature. Many articles depended on 
deflection of very short fiber segments treated as cantilever beams, either end-loaded 
(3-5, 7, 12, 13) or center-loaded (2, 6 ). We tried the end-loading approach with only 
partial success. A “loop deformation” method (1, 6 , 12) was rejected because fiber
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rings had to be very carefully made round, in one plane and small, 1 to 2  cm in 
diameter. Both beam and loop methods required precise measurement of very small 
deflections and forces. A dynamic procedure using short lengths of fibers as vibrating 
reeds (3, 6 , 10, 11, 14) seemed experimentally more attractive, but we preferred a 
static or quasi-static (10) method for relating to hair behavior. No other methods re
viewed offered better prospects for routine screening of hair treatment effects.
Changes in fiber strength are conveniently monitored by conventional tensile measure
ments which presumably serve as indirect measures of fiber stiffness. Controversy 
exists, however, as to the equivalence of elastic moduli calculated from stretching and 
from bending keratin fibers (3-5, 11). Unlike stretching, fiber bending involves both 
extension and compression with greatest strains near peripheral points of the fiber 
cross section. As a consequence, if fiber strength is affected chiefly in outer portions of 
a fiber, treatment effects may be detected more readily by stiffness than by tensile 
measurements.
Aside from means for estimating stiffness, a question remains as to the extent to which 
hair fiber stiffness can be altered by practicable hair treatments. Few current hair 
products of the nondamaging variety can be expected to produce more than superficial 
effects on stiffness. With a convenient measuring means available, however, perhaps 
this can be changed.
Essential working details of a simple method for measuring hair fiber stiffness were first 
disclosed in a very brief communication (15). The present paper describes the com
plete method giving information which includes a theoretical basis for equations, ex
perimental data obtained on hair fibers and how these data relate to other measured 
properties of the same fibers. For easier reading, theoretical equations are derived in 
the Appendix with appropriate equations brought forward where needed in the text. 
The Appendix also contains a glossary of symbols used in this paper.

EXPERIMENTAL MATERIALS AND METHODS

Hair fibers used were from a 15-year-old Caucasian female (H), a 12-year-old Cau
casian female (L) and from purchased South Korean hair (A. Klugman Inc., New York, 
New York). Unless otherwise specified, the fibers were equilibrated and measured in a 
room maintained at 60% RH, 75°F.

STIFFNESS DETERMINATION (D)

The procedure used for determining stiffness is as follows: weights are attached to each 
end of a fiber by threading the end through a short length of plastic tubing and insert
ing a tapered metal pin in the tubing to wedge the fiber. The weights of pin plus tubing 
on each fiber end are equal and known exactly.
The fiber is carefully draped over a wire hook and a separately hung guide bar is 
brought into light contact with the fiber legs to hold the fiber plane perpendicular to 
the optical axis of a horizontal cathetometer. The distance between the two vertical 
legs is measured several times by moving the distal end upwards, sliding the fiber to 
different contact points on the hook. The average distance in centimeters is expressed 
as the stiffness index (D) for that fiber.
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For most human hair fibers, a recommended weight of pin and tubing is 0.1 g with a 
hook wire diameter of 0.75 mm.

LINEAR DENSITY DETERMINATION (L)

The fiber is measured for length to the nearest millimeter and is weighed to the nearest 
0.01 mg using a Roller Smith® 3-mg Precision Balance (Federal Pacific Electric Co., 
Newark, New Jersey). Results are conveniently expressed as micrograms per cm (L) of 
fiber.

TENSILE DETERMINATION (H)

A fiber of 5-cm gauge length is extended at a rate of 0.1 in./min using an Instron® 
Model TM with Tension Cell A set at 10 g full scale. From the linear portion of the 
charted trace, the Hookean or elastic slope is estimated as g per mm extension (H) of 
the 5-cm fiber.

RESULTS AND DISCUSSION

Although fiber stiffness is important for overall hair performance, no convenient 
method for measurement of single fibers appeared to be available. Several approaches 
were tried in an effort to develop an empirical procedure which might be applied for 
evaluating hair treatment effects. Instron measurement of the work required to draw 
large hair loops taut between pegs was encouraging but suggested the simpler method 
described in this paper.
A fiber, weighted on each end, is draped over a fine wire and the distance (D) between 
the vertical legs is measured. The test proved useful on an empirical basis and became 
more acceptable with development of theory, outlined in the Appendix. The test is 
referred to below as the “Balanced Fiber” method and the distance between legs as the 
“Stiffness Index.”

FIBER SHAPE

A fiber was hung in the usual way and photographed. Before theory was developed, at
tempts were made to shape-fit enlargements with simple curves that might empirically 
characterize the hanging fiber. Our lack of success here is readily explained by the com
plexity of the theoretical equation for fiber shape (Appendix, eq 5).
The equation was tested by measuring the enlargement for a D value and calculating 
values of y at assigned x values. The points coincide with the fiber shape as shown in 
Figure 1, confirming the theoretical treatment.
In another photo, not shown, a pronounced short-length bend just above the vertical 
part of the fiber had apparently no effect on the otherwise smooth inverted-U shape. A 
technique of comparing theoretical and photographed fiber shapes may be useful for 
examining individual fibers for eccentricities. For this purpose, calculations have been 
simplified by providing computed factors (Appendix—Fiber Shape). The distance 
from the hook to any point along the fiber may also be calculated by applying similar 
computations to eq 6 , Appendix.
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Figure 1. Photograph of a balanced fiber with calculated points superimposed

The closest analogy to the Balanced Fiber method appears to be a method developed 
by D. Sinclair (16 ). A long glass fiber is twisted slightly to form a loop which is 
gradually drawn tight by moving one free end of the fiber. Force is measured as a func
tion of the distance the end is moved.
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The procedure may not be suitable for hair fibers, but the same force and reaction 
considerations apply for a segment of the looped fiber as apply for our balanced fiber. 
In confirmation, we succeeded in transforming eq 5 in the Appendix into an equation 
identical with that derived for the looped fiber.

RELATION TO LINEAR DENSITY (L)

In developing a stiffness test a test of accuracy is required since satisfactory materials or 
methods are not available for reference. Fibers of larger cross-sectional area (A) were 
therefore assumed to be stiffer. This assumption has deficiencies, however, since fibers 
with the same area values may differ in stiffness because of shape or composition. For 
example, flat fibers bend more easily than cylindrical fibers. Nevertheless, this assump
tion provided a good, first test of accuracy.
Actual measurement of fiber diameters is difficult and linear densities, determined for 
each fiber, were considered to be proportional to cross-sectional areas of unaltered 
fibers. Area values may be estimated by dividing these measurements, expressed as 
g/cm, by 1.31 g/cm3, the bulk density found for wool fibers (17, 18) and assumed (11, 
19) appropriate for hair.
The data plotted in Figure 2 represent 24 fibers from three sources measured at 60% 
RH, 75°F. The only basis for selection of fibers from two individuals and Korean hair 
was to cover a broad range of linear densities.
Each point represents an average of four stiffness values taken at random along the 
fiber length. A Bartlett test (20) indicates that standard deviations for the point-to- 
point measurements on each of the fibers are homogeneous with a 3.7% pooled stan
dard deviation.

LINEAR DENSITY OF FIBERS ¿¿g/cm
Figure 2. Effect of linear density on the stiffness index
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Figure 3. Photographs of balanced fibers having linear densities of 118, 71, 55 and 32 gg/cm
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The straight-line relationship in Figure 2 of stiffness index to linear density and hence 
to approximate cross-sectional area is anticipated from eq 7 in the Appendix since the 
bending modulus should be nearly a constant. The scatter of points within the 95% 
confidence limits in Figure 2 is attributed mainly to shape differences among fibers 
with flatter fibers giving low and rounder fibers high stiffness values. Slight inelastic 
yielding of thinner fibers during measurement may account for the intercept not pass
ing through the graph origin in Figure 2.
To more graphically illustrate the variation in stiffness from fine to coarse fibers, the 
photographs in Figure 3 were taken of four fibers weighted equally and with the 
proximal or root ends at the left of the hook. The linear densities correspond ap
proximately to fiber diameters of 107, 83, 73 and 55 ft. It is apparent that the weight 
must be increased for the thickest fiber if the stiffness index D is to be measured.

EFFECT OF ATTACHED WEIGHTS

Stiffness indices were determined for three fibers with different weights attached to 
the fiber ends. In accordance with eq 7 and 9 in the Appendix, the stiffness index 
squared is plotted against the reciprocal of the attached weight for each fiber. Results in 
Figure 4 show linearity in agreement with theoretical prediction.
When fibers such as those shown in Figure 3 are not all measurable at the same weight, 
stiffness results are more conveniently compared in terms of stiffness coefficients (see
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Figure 4. Effect of load on the stiffness index using functions indicated by eq 3
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Appendix eq 9), which compensate for different weight loadings. Weights should be 
large enough to produce vertical hang without imparting a set to the fiber. As a precau
tion, fibers should be examined after measurement for signs of imparted set.
The effect of weight change on the stiffness index and on bending moments at the 
hook are derived in the Appendix. Briefly, increasing weights fourfold will double the 
bending moment and halve the distance between fiber legs.

EFFECT OF HOOK WIRE DIAMETER (W)

The diameter of wire used to suspend fibers was varied from 0.19 to 3.16 mm to test 
effects on the “D” measurement. Results in Table I show that D values are inde
pendent of wire size for most of the range covered. Careful handling of fibers is espe
cially important with the fine wire sizes. At the largest wire size, the D measurement 
increases for all but the stiffest fiber.
Empirically we learned that wire size is too large if the fiber tends to orient on the sup
port wire in a plane perpendicular to the wire. On the other hand, if a fiber tends to 
swivel freely, the support wire has an acceptable diameter.
An explanation of this behavior involves the problem of point and arc contacts 
between fiber and substrate, which is of considerable interest also for frictional studies 
(21, 22) using capstan methods.
With fine wires, curvature of the wire surface is greater than that of the bent fiber and 
theoretically contact exists only at a “point.” As wire size becomes larger, curvature of 
the wire surface will, at some stage, equal the curvature of the bent fiber. Beyond this 
stage, contact between fiber and wire becomes an arc which increases in length as wire 
size is further increased.
Equal curvature of fiber and wire is achieved when the wire diameter (W) is equal to 
half the D measurement (see Appendix). “Point” contact thus exists when the ratio 
D/W is above two and arc contact below two.
The data in Table I provide an interesting empirical test of the D/W criterion. For wire 
sizes to 1.62 mm, D/W is greater than two and D values do not depend on wire size. 
For the 3.16-mm wire and all fibers except the stiffest, the D/W ratio is less than two 
and D measurements change. For the stiffest fiber, D/W = 2.18 (point contact) and 
the D measurement is unaffected by this wire size.

Table I
Hook Wire Diameter

Wire (cm) 
Lin. Dens.

0.019 0.024 0.031 0.038 0.076 
"D” Distance

0.128 0.162 0.316

46.9/ag/cm 0.35 0.35 0.34 0.34 0.33 0.33 0.33 0.45
51.1 0.39 — — — — — 0.39 0.47
56.7 0.41 0.41 0.41 0.40 0.41 0.41 0.39 0.48
58.0 0.44 — — — — — 0.44 0.51
63.6 0.48 — — — — — 0.46 0.52
69.0 0.50 — — — — — 0.51 0.54
89.8 0.61 — — — — — 0.60 0.62
89.3 0.68 — — — — — 0.69 0.69
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L.D.

Figure 5. Effect of relative humidity on the stiffness index

EFFECT OF RELATIVE HUMIDITY

The influence of humidity is shown in Figure 5 for three fibers of different thicknesses. 
At the highest humidity, these fibers were measured without experimental difficulty 
while immersed in water. The thickest fiber showed greatest sensitivity to humidity 
changes while the thinnest fiber is limited in the amount of change since the “stiffness 
index” value in water is less than twice the wire diameter. Immersion testing requires 
additional study to select optimum conditions. Smaller weights can be used since wet 
fibers bend more easily and the fiber mass is diminished by buoyancy.

RELATION TO ELASTIC EXTENSION

An objective here was to test the strength of unaltered fibers by bending and by 
stretching to see how well one measurement predicts the other.
Fourteen fibers were measured for linear density and stiffness index and were then 
stretched with Instron equipment under conditions suitable for determining the linear 
or Hookean slope portion of the extension curve. When plotted, the Hookean slope 
data showed a good, straight-line relationship to linear densities. As expected, strength 
increased with thickness of fibers.
In Figure 6 , stiffness indices and Hookean slopes for the 14 fibers show a satisfactory 
linear relationship. The prediction equation is approximately D = 0.0151 H for the di
mensions used. Thus, tensile measurements on unaltered fibers may be used, to an 
extent, to estimate bending strengths.
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HOOKEAN SLOPE g/mm EXTENSION
Figure 6. Relation of the stiffness index to the Hookean slope

ELASTIC MODULI

During bending, one side of a fiber is extended and the other side is compressed. For 
homogeneous elastic fibers with perfectly round cross sections, bending and tensile 
moduli would be identical and predict each other. For natural fibers such as wool or 
hair, however, the degree to which this identity holds is a matter of controversy (2 - 6 , 
11, 13). This is not surprising since hair fibers are oil-containing, viscoelastic, 
anisotropic materials which are nonuniform in cross-sectional shape and of variable 
thickness along their length.
Results are shown in Table II for fibers, measured at 60% RH, 75°F, and arranged ac
cording to linear densities (approximate thicknesses). The elastic moduli for bending 
(Eb) are calculated from eq 7 and those for stretching (Es) from eq 8 . For both calcula
tions, the fibers are assumed to be round in cross section.
The larger spread of values for bending moduli is ascribed to greater dependence on 
shape factors. It is interesting that the averages for EB and Es are approximately equal 
even though the EB/ES ratio varies widely for the individual fibers.
The modulus values in Table II are calculated by assuming all fiber cross sections are 
circular. Correction for shape would increase EB values since, in the Balanced Fiber 
method, bending occurs preferentially across the flattest cross section. Higher EB 
values may therefore more closely represent circular fibers and truer EB values. Ac
cordingly, the data favors an hypothesis (4, 6 ) that the bending modulus is greater than 
the stretching modulus. The logic is that outer layers of a fiber are stiffer and play a 
greater role in bending than in stretching.
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Table II
Elastic Moduli“

Lin. Dens.
Fiber itg/cm Eb • KT10 Es ■ IO“10 Eb/Es

K 99.5 4.23 3.68 1.15
L 94.9 3.54 3.82 0.93
K 89.2 4.29 3.43 1.25
L 71.8 4.25 3.83 1.11
H 69.2 4.11 3.75 1.10
L 67.7 3.35 3.96 0.85
L 54.6 3.60 4.12 0.88
L 52.9 4.69 3.98 1.18
H 52.6 3.74 4.03 0.93
H 42.3 3.23 4.21 0.77
L 34.4 2.89 4.33 0.67
H 31.3 3.58 3.59 1.00
Aver. 63.4 3.79 3.89 0.97
% SD — 13.9 6.7 —

“Expressed as dynes/cm2.

In stiffness studies of various natural and synthetic fibers, textile researchers occa
sionally include human hair fibers. Results reported for hair are shown in Table III for 
comparison with balanced fiber results.
Although test fibers were carefully selected and prepared, fiber-to-fiber variation in EB 
for the other methods is appreciably greater than for the Balanced Fiber method. The 
average Es values show much better agreement in Table III than the EB values.
With wool fibers, the Balanced Fiber method may generally not be applicable because 
of insufficient fiber length. A Vibrating Reed Method (11) gave a low, fiber-to-fiber 
variation (12% S.D.) for wool but the EB value of 8  X 1010 appears relatively high, pre
sumably because of frequencies used. EB/ES ratios reported for wool (3-5, 11) vary 
from 0.4 to 3.4, possibly because of differences and difficulties in the methods.

APPLICATIONS OF THE METHOD

Although additional study is suggested, a few experiments involving dry stiffness 
measurements are briefly indicated below to illustrate usefulness of the method.

Table III
Elastic Moduli

Ref. eb • io-,D % S.D. Es • 10-'° % S.D. Eb/Es

(4) 1.95“ 40.9 3.57 16.8 0.55
(11) 5.35“ 22.4 3.68 7.7 1.45
(10) 4.9b — — — —
(19) — — 3.60 — —
S&R 3.79c 13.9 3.89 6.7 0.97

“Cantilever Beam Method 
“Vibrating Reed Method. 
“Balanced Fiber Method.
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A well known product with hair conditioning claims was applied to fibers in a variety of 
ways. A decrease in fiber stiffness resulted but the original values were restored follow
ing use of a commercially available shampoo (23).
Permanent waving of hair with a personal use product caused fiber stiffness to 
progressively decrease as time allowed for the reduction step was increased (23). 
Polymerization within fibers is also generally accomplished with an initial reduction 
step which weakens fibers. Nevertheless, overall increases in stiffness are achieved by 
proper selection of monomers and reaction conditions (23).
Proximal and distal halves of four long fibers from each of three individuals were com
pared for stiffness in an attempt to detect normal wear and aging effects. Unex
pectedly, distal sections of nine fibers were stiffer and stiffness averaged 2 % higher for 
distal halves of all fibers. Moreover, linear density was greater for distal halves of six 
fibers.
Bleached and untreated fibers from the same individual could not be distinguished 
when stiffness and linear density results were graphed. Measurement of same fibers 
before and after bleaching should be more discriminating.
Dry fiber stiffness is mainly discussed in the present paper because of its important 
influence on a person’s hair behavior. However other experiments show that wet stiff
ness is generally a more sensitive measure of fiber strength changes caused by hair 
treatments.

CONCLUSIONS

The Balanced Fiber method for measuring fiber stiffness offers simplicity in experi
mental setup, avoids need for fiber clamping and allows replicate measurements on 
single fibers. The measuring instrument may be as simple as a ruler or as complex as a 
traveling microscope. Fibers are not affected by stiffness measurements and can be 
measured for other physical properties or for changes caused by fiber treatments. The 
method appears readily adaptable for other materials in filament or sheet forms.
Hair fibers can be routinely compared for stiffness using only the distance measure
ment. However this parameter has theoretical significance which qualifies the method 
for use in research programs.
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APPENDIX

LIST OF SYMBOLS

A. Average cross-sectional area of H. Hookean slope for extension of a
fiber, cm2 5-cm fiber, g/m

D. Stiffness index, cm I. Moment of inertia of the fiber
Eb. Elastic modulus for bending cross-sectional area
G. Stiffness coefficient L. Linear density of fiber, /Ug/cm
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M. Bending moment W. Diameter of wire used as support, cm
r. Average radius of a fiber, cm Z. Fiber length, cm

R. Radius of curvature e. Tensile strain on fiber
T. Tension applied to each fiber end, P- Bulk density of fiber, g/cm3

dynes cr. Tensile stress in fiber

FIBER SHAPE

Physics and engineering texts (24) commonly show equations derived for cantilever 
beams having very small beam deflections and such equations are often used as a basis 
for stiffness measurements on fibers. The restriction to small-beam deflections 
simplifies the derivation steps but, for the fiber hanging over a wire, infinite beam 
lengths and deflections must be considered in developing suitable theory.
Referring to Figure 1, the right half of the fiber suffices for derivation purposes and 
fiber weight is assumed negligible compared to the attached weight.
At any point on the fiber, the bending or clockwise moment, T(D/2 -  x), will oppose 
and at equilibrium will equal the restoring or counterclockwise moment, EB I/R where 
Eb is the elastic modulus for bending, I is the moment of inertia of the cross-sectional 
area and R is the radius of curvature of the bent fiber. Replacing R with the differential 
expression (24) for the radius of curvature of an arc, and collecting terms, we obtain

\ dx (1)
(1+ P *)»  Eb I \  2 I

where p = dy/dx. This is a standard form of differential which integrates to give

p T /Dx _ x2

(1 + p2)1'2 EB I \  2 2

The integration constant is zero since at the hook x and p equal zero. At the weighted 
end of the fiber x = D/2, p is infinitely large and therefore from eq 2

Substituting 8 /D2 for T/EB I in eq 2 and dy/dx for p gives

dx
D D2

/4x
\D

(4)

An integrated expression is obtained from eq 4 by substituting cos 0 for 4x/D -  4x2/D2 

and integrating "by parts.”
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where

and the constant

F =
2 D

1/2

D ,
+ ----^loge

4V 2
V 2  + 1 

V i  -  1

For us, the integration of eq 4 was an exercise requiring 40 steps and no effort was 
made to find a shorter route. Copies of the detailed integration are available for 
interested persons.
Equation 5 defines the shape taken by an ideal fiber when weighted at the ends and 
hung from a fine wire. Only distance D must be known to calculate y values at assigned 
values of x from zero to D/2.
When eq 5 is divided through by D, y/D is expressed as a function of x/D and y/D has a 
numerical value at each assigned x/D value. A computer print-out of these quantities is 
provided below. For any D measurements, x and y values along the fiber are readily ob
tained. Using negative x values, points are obtained for the left half of the fiber.

Factors for Computing Fiber Shape
x/D -y/D

0 . 0 0 1 0 . 0 0 0 0 0 2

0 . 0 0 2 0.000008
0.0025 0 . 0 0 0 0 1 2

0.004 0.000032
0.005 0.000050
0.008 0.000127
0 . 0 1 0 0.000199
0.025 0 . 0 0 1 2 3 2
0.050 0.004878
0 . 1 0 0 0.019335
0 . 2 0 0 0.079170
0.300 0.194416
0.400 0.423225
0.450 0.664291
0.475 0.908362
0.500

FIBER LENGTH

The length z of fiber from the wire to any point along the fiber may also be expressed as 
a function of the D parameter. Using the differential expression for the length of an arc 
(25) and substituting the value fordy/dx from eq 4 , we obtain

dz
dx

2 _ [4x _  4x2 

\D  D2

- 1/2
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This expression may be integrated by trigonometric substitution to give

- D  1 + F
loge ------  + C'

4 V 2 1 -  F
(6 )

where F is defined as for eq 5 and the integration constant

D V 2  + 1C = ------  logo ---------
4 V 2  V 2 - 1

ELASTIC MODULI

The elastic bending modulus EB is expressed in eq 3  as a function of parameters, 
known experimentally except for I, the moment of inertia of the fiber cross section. In 
order to calculate EB, the cross-sectional shape is assumed to be circular and hence 
A2I4tt can be substituted for I to give

Eb
ttT D 2

2A2
(7)

The area A is estimated for each fiber by dividing linear density determinations in 
g/cm units by an assumed 1.31 g/cm3 bulk density (1 1 , 19)-
The elastic stretch or tensile modulus Es is calculated from

Es = H g 1/A A (8 )

where the Hookean slope H is determined as described in the Experimental Section 
and the cross-sectional area A is estimated as for the bending modulus. The fiber length 
1 is 5.0 cm, the fiber extension A is 0.1 cm and g is the gravitational constant.

STIFFNESS COEFFICIENT

The stiffness coefficient G may be preferred over the stiffness index for expression of 
results if different weights are needed to cover wide ranges of fiber stiffness. The index 
would require correction to a standard weight basis using the relation Dj2 = w2D 22 /w! 
where w, is the standard g weight and w2 is the g weight used for the D measurement.
The coefficient is defined (26) as the ratio of an applied force to the displacement from 
equilibrium and equals EB I. From eq 3 therefore

G = TD2

8
(9)

where T is the applied force in dynes. The stiffness coefficient is more useful for 
practical comparisons than the bending modulus since the actual bending resistance of 
a fiber is represented without need to estimate fiber diameters and shapes.

FORCES ON THE FIBER
Bending stress and strain for a balanced fiber are greatest at the cross section above the 
wire where the radius of curvature R is a minimum. As shown earlier, at x = o, EB
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I/R = TD/2 and, from eq 3, EB I = TD2/8 . Combining the equations to eliminate EB I, 
R = D/4. Strain e is equal to r/R, where r is the radius of the fiber, and hence e = 4r/D. 
Since the elastic modulus is the ratio of stress to strain, the maximum stress cr = e EB. 
Substituting 4r/D for e and the value of EB from eq 3 and since I = nv4/4, we have for 
the maximum fiber stress

2 TDcr = ------
rrr3

( 1 0 )

Theoretically and empirically, D is proportional to A or r2 and consequently the 
maximum stress is inversely proportional to r. Thus, thin fibers undergo greater 
stresses than thick fibers and require more care in handling during measurements.
The stiffness index value and the maximum bending moment are affected by changes in 
the applied force T. Since TD2 = 8  EB I = a constant, a change from T to kT changes D 
to D/Vlc. The maximum bending moment M = TD/2. When T is changed to kT, D 
changes to D/Vk and, to maintain the equality 2M = TD, the maximum bending mo
ment changes to M Vic.

CONTACT OF FIBER WITH WIRE

Acceptable stiffness measurements require that contact between fiber and wire be 
minimal, theoretically a point contact. For a given bending force and fiber stiffness, this 
places a limit on wire diameter that may be used.
As shown above, the radius of curvature of the bent fiber R = D/4. For equal radius of 
curvature of wire and bent fiber, R must equal the wire radius or half its diameter. 
Replacing R with W/2 gives 2W = D. Accordingly, for “point” contact, wire diameter 
should be less than half the distance D. At larger wire sizes, contact between fiber and 
wire assumes an arc shape.
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Über die Beeinflussung der anaeroben 
Bakterienflora im Talgdrüsen
ausführungsgang durch eine äthyllactat- 
und äthanolhaltige Filmmaske und eine 
antimikrobielle Tensidlösung

M . G L O O R , W. W O LF u n d  M . F R A N K E  * * 1

Synopsis — A group of 15 healthy male subjects was treated with a face mask containing
1 % ethyl lactate and 50 % ethanol, while a matched group was treated with an antimicrobial 
surfactant solution with Aromox DMMCDW and Eifan NS242. The left side of the forehead 
was used as the test area, and a similar active agent free mask and a non-antimicrobial 
surfactant solution was applied to the right side of the forehead of each individual. Before 
the start of the treatment and 24 hours after the treatment the number of saprophytic 
bacteria in the pilosebaceous ducts was analyzed with the aid of a special anaerobic technique. 
The mask containing ethyl lactate and ethanol caused a significant reduction in the total 
bacteria and in the propionibacteria counts. The antimicrobial surfactant solution effected 
a significant decrease in the total bacteria count but did not alter the propionibacteria 
count. The results indicate that the test mask is an effective acne treatment. The efficacy of 
the treatment with the surfactant solution has not yet been determined.

S a p ro p h y tä re  B a k te rie n , in s b e s o n d e rs  P ro p io n ib a c te r iu m  a c n e s  u n d  
P ro p io n ib a c te r iu m  g ra n u lo s u m , s in d  fü r  d ie  A u fs p a ltu n g  d e r  T rig ly c e rid e  
d e s  T a lg d rü s e n s e k r e te s  im  T a lg d rü s e n a u s fü h ru n g s g a n g  v e r a n tw o r t l ic h  (21). 
D e n  d a b e i e n t s te h e n d e n  f re ie n  F e tts ä u re n  w ird  e in e  c o m e d o n o g e n e  
W irk u n g  z u g e s c h r ie b e n  (5, 13, 14, 15). E ine  R e d u k tio n  d ie se r  B a k te r ie n  
d u r c h  e in  a n t im ik r o b ie l le s  A g en s  m ü ß te  a lso  d ie  M e n g e  d er f re ien  
F e t ts ä u r e n  u n d  d a m it  a u c h  d ie  C o m e d o n e n b ild u n g  bei d e r  A k n e  v e r 
m in d e r n .  A u ß e rd e m  w ird  d ie s e n  B a k te r ie n  au f e in e m  a n d e re n  W eg 
(z. B. d u rc h  a n d e re  E k to fe rm e n te  a ls  L ip a sen , C h e m o to x in e  o d e r im m u n o 
lo g is c h e  R e a k tio n e n )  e in e  S c h lü s s e lro lle  fü r  d ie  E n ts te h u n g  d er e n tz ü n d -

* Aus der Universitäts-Hautklinik Heidelberg (Geschäftsf. ärztl. Direktor:
Prof. Dr. U. W. Schnyder), Abteilung Dermatologie I (Schwerpunkt: Allgemeine 
Dermatologie und Venerologie) mit Poliklinik (Ärztl. Direktor: Prof. Dr. U. W. Schnyder).
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l ie h e n  R e a k t io n e n  in  d e r  A k n e e ff lo re sz e n z  z u g e sc h rie b e n , so d a ß  e in e  
R e d u k t io n  d ie se r  K e im e  d u rc h  e in  a n t im ik r o b ie l le s  A gens a u c h  z u  e in e r  
B e s se ru n g  d e r  e n tz ü n d l ic h e n  R e a k tio n  fü h re n  m ü ß te  (1, 8 , 9, 18). D ie  Be
d e u tu n g  d e r  P ro p io n ib a k te r ie n  w ird  b e i b e id en  p a th o g e n e tis c h e n  V or
g ä n g e n  fü r  w ic h t ig e r  g e h a lte n  a ls  d ie  R o lle  d e r  a n d e re n  s a p ro p h y tä re n  
K e im e  (23).

A u s  d ie s e m  G ru n d  w e rd e n  a n t im ik ro b ie l le  P h a rm a k a  in  g ro ß e m  
S ti l  in  d e r  A k n e th e r a p ie  a n g e w e n d e t. N e b e n  a n t im ik r o b ie l le n  W irk s to ffe n , 
d ie  in  A k n e e x te m a  v o r a l le m  w eg e n  ih re r  g le ic h z e itig  v o r lie g e n d e n  
k e r a to ly t i s c h e n  W irk u n g  e in g e s e tz t  w e rd e n  (S a lic y lsäu re , S ch w efe l, 
B e n z o y lp e ro x y d ), h a b e n  s ic h  d ie  s y s te m is c h e  u n d  in  jü n g s te r  Z e i t  a u c h  
d ie  to p is c h e  A n tib io t ic a th e ra p ie  d u rc h g e s e tz t  (2). A u ß e rd e m  w e rd e n  
M a s k e n r e z e p tu r e n ,  d ie  Ä th y l la c ta t  u n d  Ä th a n o l a ls  W irk s to ffe  e n th a l te n  
u n d  a n t im ik r o b ie l le  T e n s id lö s u n g e n  e in g e se tz t .  D ie  v o r lie g e n d e n  U n te r 
s u c h u n g e n  b e z w e c k e n , d ie  W irk u n g  e in e r  d e ra r tig e n  M a s k e n re z e p tu r  
u n d  e in e r  a n t im ik r o b ie l le n  T e n s id k o m b in a t io n  au f d ie  B a k te rie n flo ra  
im  T a lg d rü s e n a u s fü h ru n g s g a n g  z u  ü b e rp rü fe n .

M aterial und M ethodik

a) Versuchsaufbau

15 g e s u n d e  m ä n n l ic h e  V e rs u c h s p e rs o n e n  im  A lte r  v o n  1 7 -  19 Jah ren  
(K o lle k tiv  I) w u rd e n  10 m a l a n  d er l in k e n  S tirn s e ite  m i t  e in e r  F ilm 
m a s k e ,  d ie  50  %  Ä th a n o l u n d  1 %  Ä th y lla c ta t  e n th ä l t ,  b e h a n d e lt. 
D ie  F ilm m a s k e  w ird  f lü ss ig  a u f  d ie  H a u t  au fg e tra g en . In n e rh a lb  w e n ig e r  
M in u te n  b i ld e t  s ic h  e in  F ilm , d er n a c h  E nde d e r  E in w irk u n g sz e it ,  d ie  
2 0  M in u te n  b e trä g t, m ü h e lo s  v o n  d er H a u t  a b z u z ie h e n  ist. A u f der re c h te n  
S t i r n s e i te  w u rd e  d ie  g le ic h e  B e h a n d lu n g  m it  e in e r  M a s k e n re z e p tu r  
d u rc h g e fü h r t ,  d ie  k e in  Ä th y lla c ta t  e n th ie l t  u n d  be i d e r Ä th a n o l d u rc h  
W a sse r  e r s e tz t  w a r . Im  ü b r ig e n  w a r  d ie se  M a sk e  m it  d e r  w irk s to f f 
h a l t ig e n  id e n t i s c h 1). 15 a n d e re  g e su n d e  m ä n n lic h e  V e rsu c h s p e rso n e n  im  
g le ic h e n  A lte r  (K o lle k tiv  II) e r h ie l te n  e b e n fa lls  10 m a l a n  d e r l in k e n  
S t i r n s e i te  e in e  B e h a n d lu n g  m i t  e in e r  a n t im ik ro b ie l le n  T e n s id lö s u n g * 2) 
u n d  a n  d e r  r e c h te n  S tirn s e ite  e in e  e n ts p re c h e n d e  B e h an d lu n g  m it  e in e r

*) Die wirkstoffhaltige Maske ist als „Jade Pickel Maske mit Alkohol" |Hersteller: 
Curta St Co. GmbH, Frankfurt/M) im Handel; wir danken dem Hersteller für die 
Sonderanfertigung der wirkstofffreien Maske.

2) Dimethylkokosfett-Aminoxyd Zwischenfraktion (AKOMOX DMMCD/W 30 % ig) 3,5, 
Triäthanolaminlaurylsulfat |ELFAN 240 TS 40 %ig) 30,0, NaCl 0,5, Wasser ad 100,0; 
Hersteller beider Tenside: Akzo Chemie Düren BRD. Beide Tenside sind nach Auskunft 
der Hersteller frei von Konservierungsmitteln.
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n ic h t  a n t im ik r o b ie l le n  T e n s id lö s u n g 3). D ie  B e h a n d lu n g e n  e rfo lg te n  je w e ils  
tä g l ic h  v o n  M it tw o c h  b is S a m s ta g  u n d  v o m  d a ra u ffo lg e n d e n  M o n ta g  b is 
F re ita g . A n  d e m  d a z w is c h e n lie g e n d e n  S o n n ta g  w u rd e  a u s  te c h n is c h e n  
G rü n d e n  k e in e  B e h a n d lu n g  d u rc h g e fü h r t .  B a k te rio lo g isc h e  U n te r s u c h u n 
g e n  w u rd e n  u n m i t te lb a r  v o r B e h a n d lu n g sb e g in n  u n d  24  S tu n d e n  n a c h  der 
l e t z t e n  A p p lik a t io n  v o rg e n o m m e n . A lle  V e rsu c h s p e rso n e n  v e rm ie d e n  
w ä h r e n d  d e s  g e s a m te n  V e rsu c h s  jede z u s ä tz l ic h e  E in w irk u n g  au f die 
G e s i c h ts h a u t  d u rc h  E x te m a . D a  d ie B e e in flu s su n g  d er B a k te rie n flo ra  im  
T a lg d rü s e n a u s fü h ru n g s g a n g  v o r  E n ts te h u n g  e in e s  C o m e d o  ü b e rp rü f t 
w e r d e n  s o ll te ,  w a r  es n ic h t  n o tw e n d ig , A k n e p a t ie n te n  a ls  V e rs u c h s 
p e r s o n e n  z u  v e rw e n d e n .

b j M e th o d e n

Es w u rd e n  is o l ie r t  d ie  B a k te r ie n  a u s  d e m  T a lg d rü s e n a u s fü h ru n g sg a n g  
n a c h  d e r  v o n  F IO L L A N D  e t  al (11) a n g e g e b e n e n  M e th o d e  g e w o n n e n . 
D a b e i w ird  e in  m i t  e in e m  T ro p fe n  C y a n o a c ry la tg e l4) b e s c h ic h te te r  a u f 
g e r a u h te r  S te m p e l so la n g e  a u f d ie  H a u t  a u fg e d rü c k t, b is  s ic h  d as  G e l 
v e r f e s t ig t  h a t .  D a n n  w ird  d e r  S te m p e l ru c k w e is e  e n tfe rn t .  A n  d er S te m p e l
u n te r f lä c h e  h ä n g e n  d a n n  T e i le  d e r  H a a rfo llik e l u n d  T a lg d rü s e n a u s 
fü h ru n g s g ä n g e . D a  d as  G e l b a c te r ic id  is t, w e rd e n  su p e rf ic ie lle  K eim e 
n i c h t  m i te r f a ß t .  D ie  a n  d e n  F o ll ik e la n te i le n  h ä n g e n d e n  B a k te rie n  w e rd e n  
m i t  e in e r  s p e z ie l le n  V o rr ic h tu n g  in  12,5 m l R e in fo rc ed  C lo s tr id ia l  M e d iu m  
(R C M ) 5) m i t  e in e m  Z u s a tz  v o n  1 %  T w e e n  80  b) v e r te ilt .  M e th o d is c h e  
D e ta i l s  f in d e n  s ic h  in  d e n  P u b l ik a t io n e n  v o n  H O L L A N D  e t  al (11) 
s o w ie  R O B E R T S  (19). 0,1 m l R C M  w e rd e n  u n v e r d ü n n t  u n d  in  V er
d ü n n u n g e n  b is  z u  I O ' 4 au f R e in fo rc e d  C lo s tr id ia l  A g a r5) a u fg e b ra c h t. 
N a c h  a n a e ro b e r  K u ltu r  (7 T ag e , 3 7 °  C) A u s z ä h lu n g  d er K e im za h l in  d er 
ü b l ic h e n  W e ise . D a b e i w e rd e n  d ie  a u s  z w e i u n m it te lb a r  h in te r e in a n d e r  
a u fg e le g te n  S te m p e ln  g e w o n n e n e n  K e im z a h le n  a d d ie r t, u m  d ie  K e im z a h l 
in  d e m  U n te r s u c h u n g s a r e a l  z u  e r m i t te ln .  F ür d ie  D if fe re n z ie ru n g  d er 
B a k te r ie n  w a re n  K o lo n ie fo rm  u n d  -färbe, g ra m g e fä rb te  A u s s tr ic h e  u n d  
d e r  A u s fa ll  d e s  C a s e in te s ts  m a ß g e b e n d . So is t es m ö g lic h  zu  u n te r 
s c h e id e n  z w is c h e n  P. acn es , P. g ra n u lo su m , g ra m p o s i t iv e n  K o k k e n  
u n d  S a rc in e n . D ie  K o k k e n  w u rd e n  n ic h t  w e ite r  d if fe re n z ie r t. F ür d ie  A n 
g re n z u n g  v o n  P. a c n e s  u n d  P. g ra n u lo s u m  is t  d e r  C a s e in te s t  e in  z u v e r 
lä s s ig e s  K r i te r iu m . P. a v id u m  k o m m t an  d er S tirn  e x tre m  se lte n  vor.

3) Polyaethylenglycollauryläthersulfat, Natriumsalz (ELFAN NS 242), Konzentration 6 % 
bezogen auf die waschaktive Substanz; Hersteller: Akzo Chemie Düren BRD

4) Permabound Contact Cement; Hersteller: Staident Labor, Staines, Middlesex, England.
5) Hersteller: Oxoid Deutschland GmbH, Wesel BRD.
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E s z e ig t ä h n l ic h  w ie  P. a c n e s  e in e  c a s e in p o s itiv e  R e a k tio n  u n d  w ird  bei 
u n s e r e m  V o rg e h e n  P. a c n e s  z u g e z ä h lt .  In E in z e lfä lle n  b e d ie n te n  w ir  u n s  
z u s ä tz l ic h e r  b io c h e m is c h e r  P a ra m e te r  (G e la tin -H y d ro ly se , In d o lp ro 
d u k t io n ,  N i t r a t r e d u k t io n )  u n d  des P h a g e n te s ts ,  d e r  n a c h  n e u e re n  
E rg e b n is s e n  b e i n e g a tiv e m  A u sfa ll n u r  u n s ic h e re  A u ssa g en  au f das V or
l ie g e n  v o n  P. g ra n u lo s u m  e r la u b t (12) u n d  d e m  d e sh a lb  n u r  re la t iv  
w e n ig  B e d e u tu n g  b e ig e m e s s e n  w u rd e . M e th o d isc h e  D e ta ils  z u  a l le n  
g e n a n n te n  M e th o d e n  f in d e n  s ic h  be i M A R PLES u n d  M C  G IN L E Y (1 6 ) 
s o w ie  R O B E R T S  (19).

B a k te r io lo g is c h e  K e im z a h lb e s t im m u n g e n  e rg e b en  lo g a r i th m is c h e  V er
te i lu n g e n ,  d e s h a lb  w u rd e n  d ie  e r m i t te l te n  K e im z a h le n  lo g a r i th m is c h  
t r a n s f o r m ie r t .  U m  d ie  lo g a r i th m is c h e  T ra n s fo rm a tio n  d e r  0 -W e rte  zu  
e rm ö g l ic h e n , w u rd e  z u  d e n  in  2 x  0,1 m l u n v e r d ü n n te n  R C M  e r 
m i t t e l t e n  K e im z a h le n  je w e ils  d er W e rt 1 h in z u g e z ä h lt  D ie  so  g e 
w o n n e n e n  Z a h le n  w u rd e n  d e r  s ta t i s t i s c h e n  B e re c h n u n g  z u g ru n d e  geleg t. 
B e w e r te t  w u rd e n  G e s a m tk e im z a h l  u n d  Z a h l d e r  P ro p io n ib a k te r ie n  
(P. a c n e s  u n d  P. g r a n u lo s u m  z u s a m m e n g e n o m m e n ) . Es w u rd e n  je w e ils  
d ie  D if fe re n z e n  d e r  lo g a r i th m is c h  tr a n s f o r m ie r te n  W e rte  ü b e r  den  
W IL C O X O N -T e s t  fü r  P a a rd if fe re n z e n  m it  d e m  h y p o th e tis c h e n  M i t te l 
w e r t  0 v e rg lic h e n . A ls  S ig n if ik a n z n iv e a u  w u rd e  1 %  vo rgegeben . Z u r  
E r m i t t lu n g  d e r  B a k te r i e n z a h l / c m 2 is t  es  n o tw e n d ig , d ie  K e im z a h l in 
2 x 0,1 m l u n v e r d ü n n te m  R C M  d u rc h  D e lo g a r i th m ie re n  u n d  R e d u k tio n  
d e s  e r h a l te n e n  W e r te s  u m  1 z u  e r m i t te ln  u n d  d ie se  Z a h l m it  80  zu  
m u l t ip l iz ie r e n .

Ergebnisse

D a  P. g r a n u lo s u m  n u r  b e im  k le in e re n  T e il  d e r  F älle g e fu n d e n  w u rd e , 
s in d  in  d e n  T a b e lle n  1 u n d  2 P. a c n e s  u n d  P. g ra n u lo s u m  z u s a m m e n 
g e fa ß t.  P. g r a n u lo s u m  w a r  be i K o lle k tiv  I n u r  e in m a l v o r B e h a n d lu n g s 
b e g in n  (K e im z a h l 1250 /  2 x 0,1 m l R C M ) u n d  n a c h  B e h an d lu n g  m it  der 
w ir k s to f f f r e ie n  M a sk e  (K e im z ah l 5 0 / 2 x 0 , 1  m l R C M ) n a c h w e is b a r . Bei 
K o lle k tiv  II fan d  s ic h  P. g r a n u lo s u m  n u r  z w e im a l bei d e n  A u sg a n g s 
u n te r s u c h u n g e n  (K e im z ah l 90  bzw . 1000 /  2 x 0,1 m l RC M ). D ie  D iffe re n z  
z w is c h e n  G e s a m tk e im z a h l  u n d  P ro p io n ib a k te r ie n  b e s te h t  im  w e s e n tl ic h e n  
a u s  g ra m p o s i t iv e n  K o k k e n . S a rc m e n  w a re n  n u r  a u s n a h m s w e is e  v o rh a n d e n  
(K e im z a h l m a x im a l  1400 /  2 x  0,1 m l R C M ).

G e s a m tk e im z a h l  u n d  Z a h l d e r  P ro p io n ib a k te r ie n  v o r u n d  n a c h  A n 
w e n d u n g  d e r  M a s k e n  s in d  in  T a b e lle  1 g e g e n ü b e rg e s te l lt.  D ie  w irk s to ff-

6) Hersteller: Sigma Chemie, Neubiberg BRD.
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G e s a m tk e im z a h l  (an a e ro b e  K u ltu r)

vor Behandlung
nach Behandlung mit 

der wirkstofffreien 
Maske

nach Behandlung m it 
der wirkstoffhaltigen 

Maske

N 15 15 15

M 2,8903 2 ,6712 2 ,0 9 9 7

S 1,0457 1,0778 1,2653

P ro p io n ib a k te r ie n  (P. a c n e s  u n d  P. g ra n u lo s u m  z u s a m m e n g e n o m m e n )

vor Behandlung
nach Behandlung mit 

der wirkstofff reien 
Maske

nach Behandlung mit 
der wirkstoffhaltigen 

Maske

N 15 15 15

M 2,2688 2 ,1607 1,5487

S 1,5403 1,4464 1,5000

Tabelle 1

Mittelwerte und Standardabweichungen der dekadischen Logarithmen der uni die Zahl 1 
vermehrten Gesamtkeimzahl (bei anaerober Kultur) und der um die Zahl 1 vermehrten Zahl 
der Propionibakterien (P. acnes und P. granulosum zusammengenommen) bezogen auf 
2 x 0,1 ml unverdünntes RCM vor Behandlung, nach Behandlung mit der wirkstofffreien 
Maske und nach Behandlung mit der wirkstoffhaltigen Maske. Das geometrische Mittel der 
Keimzahlen bezogen auf 1 cm 2 erhalt man durch Delogarthmieren des Mittelwertes der 
Logarithmen, Reduktion dieses Wertes um die Zahl 1 und anschließende Multiplikation 
m it 80.

h a l t ig e  M a s k e  r e d u z ie r t  d ie  K e im z a h l s ig n if ik a n t,  g le ic h g ü ltig  ob  d ie 
G e s a m tk e im z a h l  o d e r  n u r  d ie  Z a h l d er P ro p io n ib a k te r ie n  b e w e r te t  w e rd e n . 
D a s  g ilt  n ic h t  n u r  fü r  d e n  W e rt v o r  d e r  B e h a n d lu n g  v e rg lic h e n  m it  
d e m  n a c h  d e r  B e h a n d lu n g  so n d e rn  a u c h  fü r  d e n  W e rt n a c h  B e h a n d lu n g  
m i t  d e r  w irk s to f f f re ie n  M a sk e . E in e  g e r in g e  je d o ch  s ig n if ik a n te  R e d u k tio n  
d e r  G e s a m tk e im z a h l  is t  d u rc h  d ie  w irk s to f ff re ie  M a sk e  n a c h w e is b a r .

D ie  U n te r s u c h u n g s e r g e b n is s e  n a c h  A n w e n d u n g  der T e n s id lö s u n g e n  
s in d  in  T a b e lle  2 g e g e n ü b e rg e s te l lt .  D ie  a n t im ik ro b ie l le  T e n s id lö s u n g  
r e d u z ie r t  d ie  G e s a m tk e im z a h l  s ig n if ik a n t,  g le ic h g ü ltig  ob  d e r  W e rt n a c h
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G e s a m tk e im z a h l  (an aero b e  K u ltu r)

vor Behandlung
nach Behandlung mit 

der nicht antimikrobiellen 
Tensidlösung

nach Behandlung mit 
der antimikrobiellen 

Tensidlösung

N 15 15 15

M 2 ,8576 2 ,6944 2 ,1069

S 0 ,9080 0 ,7404 0 ,9459

P ro p io n ib a k te r ie n  (P. a c n e s  u n d  P. g ra n u lo s u m  z u s a m m e n g e n o m m e n )

vor Behandlung
nach Behandlung mit 

der nicht antimikrobiellen 
Tensidlösung

nach Behandlung mit 
der antimikrobiellen 

Tensidlösung

N 15 15 15

M 2 ,0704 1,6527 1,6001
S 0 ,9070 0 ,7404 0 ,9459

Tabelle 2

Mittelwerte und Standardabweichungen der dekadischen Logarithmen der um die Zahl 1 
vermehrten Gesamtkeimzahl (bei anaerober Kultur) und der um die Zahl 1 vermehrten Zahl 
der Propionibakterien (P. acnes und P. granulosum zusammengenommen) bezogen auf 
2 x 0,1 ml unverdünntes RCM vor Behandlung, nach Behandlung m it der nicht anti
mikrobiellen Tensidlösung und nach Behandlung mit der antimikrobiellen Tensidlösung. 
Das geometrische Mittel der Keimzahlen bezogen auf 1 cm 2 erhält man durch Delo- 
garithmieren des Mittelwertes der Logarithmen, Reduktion dieses Wertes um die Zahl 1 
und anschließende Multiplikation mit 80.

B e h a n d lu n g  m i t  d e r  n ic h t  a n t im ik r o b ie l le n  L ö su n g  od er d e r  A u sg a n g s 
w e r t  a ls  V e rg le ic h  h e ra n g e z o g e n  w e rd e n . E in  so lc h e r  N a c h w e is  lä ß t  s ic h  
n i c h t  b e i d e n  P ro p io n ib a k te r ie n  fü h re n . V ie lm e h r  f in d en  s ic h  n a c h  A n 
w e n d u n g  d e r  a n t im ik r o b ie l le n  L ö su n g  n a h e z u  id e n tis c h e  W e rte  w ie  n ac h  
A n w e n d u n g  d e r  n ic h t  a n t im ik r o b ie l le n  T e n s id lö su n g . D er a n t im ik ro b ie l le  
E ffe k t d e r  T e n s id lö s u n g  s c h e in t  s ic h  s o m it  in  e r s te r  L im e  au f d ie  g ra m 
p o s i t iv e n  K o k k e n  z u  b e z ie h e n .

D ie  E rg e b n is se  b e i d e n  e in z e ln e n  V e rsu c h s p e rso n e n  s in d  im  D e ta i l  in  
d e r  I n a u g u r a ld is s e r ta t io n  W O L F (24) a u fg e fü h rt.
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D isk u ssion

S W A N B E C K  (22) h a t  a ls  e r s te r  g eze ig t, d a ß  Ä th y lla c ta t  in  e in e r  
a lk o h o l is c h e n  L ö su n g  u n te r  O k k lu s iv b e d in g u n g e n  e in e  V e rm in d e ru n g  
d e r  f re ie n  F e t ts ä u re n  in  d e n  H a u to b e r f lä c h e n lip id e n  b e w irk t .  G L O O R  
e t  al (7) k o n n te n  s p ä te r  d e u t l ic h  m a c h e n , d a ß  d ie se r  E ffek t n u r  z u m  k le in e n  
T e i l  d e m  W irk s to ff  Ä th y l la c ta t  u n d  z u m  w e it  g rö ß e re n  T e il  d e r  G ru n d la g e  
Ä th y la lk o h o l  z u k o m m t.  A u ß e rd e m  k o n n te n  d ie se  A u to re n  ze igen , d aß  
d ie  A n w e n d u n g  u n te r  M a s k e n b e d in g u n g e n  d er in  d er A k n e b e h a n d lu n g  
u n p r a k t ik a b le n  O k k lu s iv b e h a n d lu n g  m i t  F o lien  e b e n b ü r tig  is t. E in  k l i 
n is c h e r  W irk u n g s n a c h w e is  fü r  d ie  Ä th y lla c ta tb e h a n d lu n g  in  e in e r  a lk o h o li
s c h e n  G ru n d la g e  u n te r  O k k lu s iv fo lie n  b e i A k n e  f in d e t  s ic h  b e i SW A N B E C K
(22). F ü r d ie  in  d e n  v o r lie g e n d e n  U n te r s u c h u n g e n  v e rw e n d e te  .30 %  
Ä th a n o l  u n d  1 %  Ä th y l la c ta t  e n th a l te n d e  M a sk e  w u rd e  eb e n fa lls  e in  
k l in i s c h e r  W irk u n g s n a c h w e is  e rb ra c h t (3).

Z u r  d e f in i t iv e n  K lä ru n g  d es  W irk u n g se ffe k te s  is t  es n o tw e n d ig , d en  
N a c h w e is  z u  e rb r in g e n , d a ß  d ie  a p p l iz ie r te n  a n t im ik r o b ie l le n  A g e n tie n  
in  d ie  T a lg d rü s e n a u s fü h ru n g s g ä n g e  p e n e tr ie re n  u n d  d o r t z u  e in e r  R e d u k tio n  
d e r  K e im flo ra  in s b e s o n d e re  d e r  P ro p io n ib a k te r ie n  fü h re n . D ie  v o r lie g e n d e n  
U n te r s u c h u n g e n  z e ig e n : D ie  ä th y l la c ta t-  u n d  ä th a n o lh a lt ig e  M a sk e  
r e d u z ie r t  s ig n if ik a n t  d ie  G e s a m tk e im z a h l  u n d  d ie  P ro p io n ib a k te r ie n  im  
T a lg d rü s e n a u s fü h ru n g s g a n g . D ie  au f  G ru n d  d es  N a c h w e is e s  e in e r  
R e d u k t io n  d e r  f re ie n  F e tts ä u re n  in  d e n  H a u to b e r f lä c h e n lip id e n  u n d  des 
k l in i s c h e n  W irk u n g s n a c h w e is e s  b e s te h e n d e  V e rm u tu n g , d a ß  es s ic h  bei 
d ie s e r  T h e r a p ie  u m  e in e  e f fe k tiv e  L o k a lb e h a n d lu n g  d e r  A k n e  h a n d e lt ,  
w ir d  d u rc h  d ie  v o r lie g e n d e n  E rg e b n isse  b e s tä rk t .  Z u  e in e m  k le in e n  T e il 
d ü r f te  n a c h  d e n  v o r lie g e n d e n  B e fu n d e n  d ie se r  E ffek t d u rc h  das M a s k e n 
m a te r ia l  s e lb s t  b e d in g t se in , z u m  g rö ß e re n  T e il k o m m t es d e n  W irk s to ffe n  
Ä th y l la c t a t  u n d  Ä th a n o l  zu , w o b e i Ä th a n o l  n a c h  e ig e n e n  f rü h e re n  d ü n n -  
s c h ic h tc h r o m a to g ra p h is c h e n  E rg e b n is se n  (7) das  w ic h t ig s te  A g en s se in  
d ü r f te .

W a s c h lö s u n g e n  w e rd e n  s e it  la n g e r Z e i t  in  d e r  A k n e th e ra p ie  e in g e se tz t .  
In  e r s te r  L in ie  e r w a r te t  m a n  bei d e re n  V erw en d u n g , d a ß  L ip ide im  
T a lg d rü s e n a u s fü h ru n g s g a n g  b zw . im  C o m e d o  e m u lg ie r t  w e rd e n  (20). 
D ie s e r  A u ffa s su n g  w ird  in  jü n g e re r  Z e i t  e n tg e g e n g e h a lte n , d a ß  d ie T e n s id e  
n u r  a u f  d e r  H a u to b e r f lä c h e  u n d  n ic h t  im  T a lg d rü se n a u s fü h ru n g sg a n g  
w ir k s a m  w e rd e n  u n d  d a ß  s o m i t  d ie  T e n s id b e h a n d lu n g  d e r  A k n e  n u tz lo s  
se i (17). Bei d ie se n  D is k u s s io n e n  b lie b  u n b e rü c k s ic h t ig t ,  d a ß  T e n s id e  
z. T . a n t im ik r o b ie l l  w irk e n . E in e n  H in w e is  au f  e in e  R e d u k tio n  d e r  m i 
k r o b ie l le n  L ip o ly se  au f  b e h a a r te r  bzw . u n b e h a a r te r  H a u t  d u rc h  a n ti-
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m ik r o b ie l le  T e n s id lö s u n g e n  (ELFA N  2 4 0  TS  /  A R O M O X  D M M C D  / W  
b z w . T E X A P O N  T H  / S O F T IG E N  767) h a b e n  e ig en e  U n te r s u c h u n g e n  
e rg e b e n . B e z ü g lic h  d e r  u n b e h a a r te n  H a u t  is t  e in s c h rä n k e n d  h in z u z u 
fü g e n , d a ß  d ie  U n te r s u c h u n g e n  n ic h t  g e k lä r t  h a b e n , ob s ic h  d ie se r  E ffek t 
n u r  au f  d ie  H a u to b e r f lä c h e  o d e r  a u c h  a u f d ie  T a lg d rü s e n a u s fü h ru n g s 
g ä n g e  e r s t r e c k t  (4,6).

D ie  v o r l ie g e n d e n  E rg e b n isse  ze igen , d a ß  das v e rw e n d e te  T e n s id g e m isc h  
im  T a lg d rü s e n a u s fü h ru n g s g a n g  a n t im ik ro b ie l l  w irk s a m  is t. Es b e e in f lu ß t  
a b e r  o f fe n b a r  in  e r s te r  L in ie  d ie  g ra m p o s i t iv e n  K o k k en . D a —  w ie  
b e r e i ts  o b e n  a u s g e fü h r t  —  w a h rs c h e in l ic h  d e n  P ro p io n ib a k te r ie n  u n d  
n ic h t  d e n  g ra m p o s i t iv e n  K o k k e n  d ie  H a u p tb e d e u tu n g  in  d e r P a th o 
g e n e s e  d e r  A k n e  z u k o m m t,  e r s c h e in t  es  a ls  frag w ü rd ig , ob  m it  e in e r  
s o lc h e n  T h e ra p ie  e in  k l in i s c h e r  E rfolg be i d er A k n e  e rz ie lt  w e rd e n  k a n n . 
D ie  E rg e b n is se  z e ig e n  a u ß e rd e m , d a ß  d ie  d ü n n s c h ic h tc h ro m a to g ra p h is c h e n  
A n a ly s e n  d e s  V e rh ä l tn is s e s  fre ie  F e tts ä u re n  /  T rig ly c e rid e  n ic h t  a u s re ic h e n , 
u m  d e n  W e r t e in e r  a n t im ik r o b ie l le n  T h e ra p ie  b e i d e r  A k n e  d e f in itiv  zu  
b e u r te i le n .  A ls  p o s it iv e s  E rg e b n is  lä ß t  s ic h  a b le ite n , d aß  d ie  A n w e n d u n g  
v o n  a n t im ik r o b ie l le n  T e n s id e n  e in  e r fo lg v e rsp re c h e n d e r  W eg der A k n e 
th e ra p ie  s e in  k ö n n te ,  w e n n  es  ge länge , T e n s id e  z u  fin d en , d ie  a u c h  d ie 
P ro p io n ib a k te r ie n  in  h in r e ic h e n d e r  W e ise  h e m m e n .

Z usam m enfassung

|e  15 g e s u n d e  m ä n n l ic h e  V e rsu c h s p e rso n e n  w u rd e n  10 m a l m it  e in e r  
F i lm m a s k e , d ie  1 %  Ä th y l la c ta t  u n d  50  %  Ä th a n o l a ls  W irk s to ff  e n th ie l t ,  
b z w . m i t  e in e r  a n t im ik r o b ie l le n  T e n s id lö s u n g  (A R O M O X  D M M C D  W  / 
E L F A N  2 4 0  TS) b e h a n d e l t .  V e rs u c h s s te l le  w a r  d ie  l in k e  S tirn h ä lf te . 
A u f  d e r  r e c h te n  S t irn h ä lf te  k a m  e in e  a n a lo g e  w irk s to f ff re ie  M a sk e  bzw . 
e in e  n ic h t  a n t im ik r o b ie l le  T e n s id lö s u n g  (ELFA N  N S  242) z u r  A n w e n d u n g . 
V o r B e h a n d lu n g s b e g in n  u n d  24  S td. n a c h  A b sc h lu ß  d e r  B e h an d lu n g  
w u rd e n  m i t  e in e r  s p e z ie lle n  M e th o d e  d ie  u n te r  a n a e ro b e n  B ed in g u n g en  
w a c h s e n d e n  s a p ro p h y tä re n  K e im e  in  d e n  T a lg d rü se n a u s fü h ru n g sg ä n g e n  
a n a ly s ie r t .  D ie  ä th y l la c ta t -  u n d  ä th a n o lh a l t ig e  M a sk e  re d u z ie r t  
d ie  G e s a m tk e im z a h l  u n d  d ie  P ro p io n ib a k te r ie n  s ig n if ik a n t.  D ie  a n t i 
m ik r o b ie l le  T e n s id lö s u n g  fü h r t  zw a r  z u  e in e r  s ig n if ik a n te n  V e rm in d e ru n g  
d e r  G e s a m tk e im z a h l  je d o ch  n ic h t  d e r P ro p io n ib a k te r ie n . D ie  E rg eb n isse  
la s s e n  a n n e h m e n ,  d a ß  d ie  M a s k e n re z e p tu r  e in e  e ffe k tiv e  A k n e th e ra p ie  
d a r s te l l t .  O b  d ie s  a u c h  fü r d ie  B e h a n d lu n g  m it  d e r  v e rw e n d e te n  T e n s id 
lö s u n g  g ilt ,  m u ß  o ffen  b le ib en .



FA C E M A S K  F O R  A N T IB A C T E R IA L  A G E N T S 495

Literatur

( 1) Edwards, J. C., Williams, S., Tan, S., Holland, K. T., Roberts, C. D., Cunliffe, W. J., 
Physiology of C. acnes exoenzymes: lipase, protease, hyaluronidase, a comparison. 
J. invest. Derm. 64, 290 (1976).

( 2) Gloor, M., Zur Therapie der Acne vulgaris mit antimikrobiellen Pharmaka. Zbl. Haut- 
Geschl. Kr. 138, 1 - 12 (1977).

( 3) Gloor, M., Über die Reduktion der freien Fettsäuren in den Hautoberflächenlipiden als 
Kriterium für die therapeutische Wirksamkeit antimikrobieller Aknetherapeutika. 
Arzneimittel Forsch. 27, 2179-2181 (1977).

( 4) Gloor, M., Döring, W. J., Kümpel, D., Über den Einfluß synthetischer Tenside auf die 
Zusammensetzung der Hautoberflächenlipide. Fette-Seifen-Anstrichmittel 78, 40-43 
(1976).

( 5) Gloor, M., Habedank, W.D., Zur Pathogeneseder Acne vulgaris. Münch. med.Wschr. 118, 
649-652 (1976).

( 6) Gloor, M., Jäger, B., Baldes, G., Wirkungseffekt waschaktiver Substanzen in Kopf
waschmitteln. Hautarzt 28, 404-406 (1977).

( 7) Gloor, M., Mendel, R., Baumann, C., Friederich, H. C , Untersuchungen zurÄthyllactat- 
Therapie der Akne vulgaris. Einfluß von Wirkstoff und alkoholischer Grundlage auf die 
Hautoberflächenlipide. Hautarzt 26, 149-152 (1975).

( 8) Gould, D. Cunliffe, W. J., Holland, K. T., Chemotaxis and acne. Annual Meeting 
Europ. Soc. Denn. Res. 2.-4. 5. 1977 Amsterdam.

( 9) Hägele, W., Schäfer, H., Stüttgen, G., Über die Bedeutung der Triglyceridspaltung durch 
Corynebacterium acnes für die Acne vulgaris. Arch. Derm. Forsch. 246, 328-334 (1973).

(10) Holland, K. T., Cunliffe, W. J., Roberts, C. D., Acne vulgaris: an investigation into the 
number of anaerobic diphteroids and members of the micrococcaceae in normal and 
acne skin. Brit. J. Derm. 96, 623-626 (1977).

(11) Holland, K. T., Roberts, C. D., Cunliffe, W. J., Williams, M., A technique for sampling 
microorganisms from the pilo-sebaceous ducts. J. appl. Bact. 37, 289-296 (1974).

(12) fong, E. C., Ko, H. L., Pulverer, G., Studies in bacteriophages of propionibacterium acnes. 
Med. Microbiol. Immunol. 261, 263-271 (1975).

(13) Kanaar, P., Follicular-keratogemc properties of fatty acids in the external ear canal of the 
rabbit. Dermatologica (Basel) 142, 14-22 (1971).

(14) Kligman, A. M., Wheatley, V. R., Mills, O. H., Comedonogenicity of human sebum. 
Arch. Derm. 102, 267-275 (1970).

(15) Lorincz, A., Krizek, H., Brown, S., Follicular hyperkeratinization induced in the rabbit 
ear by human skin surface lipids. 13. Int. Congr. Derm. München 2, 1016-1017. 
Springer-Verlag; Berlin-Heidelberg-New York 1968.

(16) Marples, R. R., Me Ginley, K. J., Corynebacterium acnes and other anaerobic diphteroids 
from human skin. J. med. Microbiol. 7, 349-357 (1974).

(17) Plewig, G., Kligman, A. M., Acne. Morphogenesis and treatment. Springer-Verlag Berlin; 
Berlin-Heidelberg-New York 1975.

(18) Puhvel, S. M., The possible relationship of corynebacterium acnes (propionibacterium 
acnes) to the pathogenesis of acne vulgaris. J. Amer. med. Worn. Ass. 24, 321-325 (1969).

(19) Roberts, C. D., The role of bacteria in acne vulgaris. PhD Thesis, Leads 1975.
(20) Schneider, W., Erfahrungen mit einer neuen Aknetherapie. Ein Beispiel für die Bedeutung 

der sog. Grundlagen in der modernen externen Therapie. Dtsch. med. Wschr. 91, 
2017-2022 (1966).



496 J O U R N A L  O F  T H E  S O C IE T Y  O F  C O S M E T IC  C H E M IS T S

(21) Shalita, A., Genesis of free fatty acids. J. invest. Denn. 62, 322-333 (1974).
(22) Swanbeck, G., A new principle for the treatment of acne. Acta denn.-venereol. (Stoekh.132, 

406-410 (1972).
(23) Voss, J. G., A microbial etiology of acne. Cutis 17, 437-496 (19761.
(241 Wolf, W., Über die Beeinflussung der anaeroben Bakterienflora im Talgdrüsen

ausführungsgang durch eine äthyllactat- und äthanolhaltige Filmmaske und eine anti
mikrobielle Tensidlösung. Inauguraldissertation Heidelberg 197K.

Wir danken der Deutschen Forschungsgemeinschaft für die Unterstützung der Unter
suchungen.

Wir danken Herrn Dr. K. T. Holland (Department of Microbiology, University of Leeds) und 
Herrn Dr. G. Scheurlen (Institut für Medizinische Dokumentation, Statistik und Daten
verarbeitung der Universität Heidelberg) für ihre Unterstützung bei der Durchführung der 
Untersuchungen.



J . Soc. Cosmet. Chem., 29 , 4 9 7 -5 2 1  (A ugust 1978)

Cosmetic properties and structure of fine-particle 
synthetic precipitated silicas

S. K. W ASON J. M. Huber Corporation, Chemicals Division, 
P.O. Box 310,Havre de Grace. M D  21078.

Received September 30, 1977. Presented at Annual Scientific Meeting, 
Society of Cosmetic Chemists, December 1977, New York, New York.

Synopsis

Submicron-fine particle, synthetic silicas are of three types: fumed silicas, silica gels and precipitated silicas. 
Recent research has led to the synthesis of a wide variety of new controlled-structure, functional-precipitated 
silicas which exhibit unique cosmetic and dentifrice properties. The end-use applications of the precipitated 
silicas can be controlled by controlling their structure. It is now possible to make predictions regarding the 
thickening, viscosity building, humectant demand index, dentifrice abrasive and polishing characteristics of 
the new class of synthetic, precipitated products. The methods of preparation, the chemistry, the structure 
and the new cosmetic applications of the precipitated products are discussed.

I. IN T R O D U C T IO N

F ine-partic le , syn the tic  silicas are am o rp h o u s, subm icron  size, w h ite  pow ders. In the 
lite ra tu re , these  p ro d u c ts  have o ften  b ee n  re fe rre d  to  in te rchangeab ly  as silicas, 
h yd ra ted  silicas, silicon d iox ide , silicic acid, fillers, silica p igm en ts, xerogels, aerogels, 
am o rp h o u s silicas, e tc. T h e  d iscussions w hich will be p re se n te d  h e re  will hopefu lly  
clarify and  d istinguish  b e tw een  th e  various types o f  silicas.

Silicas can be ca tego rized  in to  tw o m a jo r classes: natural silicas and syn the tic  silicas. 
Since the  natu ra l silicas are m ined  from  the  g ro u n d  and are qu ite  d iffe ren t in s tru c tu re , 
p ro p e rtie s  and functions than  th e  syn the tic  silicas, w e have exc luded  th ese  p ro d u c ts  
from  o u r d iscussion  here .

S yn thetic  silicas are o f  th ree  types: fum ed  silicas, silica gels and p rec ip ita ted  silicas—  
and are p re p a re d  e i th e r  by a vapor phase  p rocess o r  by a liquid  phase p rocess. P roduc ts  
w hich are syn thesized  by th e  vap o r p rocess are called fum ed  silicas. T h e  p ro d u c ts  
w hich are deriv ed  from  the  liqu id  p ro cess  o r  w et p rocess a re  fu rth e r  ca tego rized  as 
silica gels o r  p rec ip ita ted  silicas. In th e  C T FA  (C osm etic , T o ile try  and F ragrance 
A ssociation) cosm etic  in g red ien t d ic tionary  (1) th e  ad o p ted  nam e fo r th e  p rec ip ita ted  
silicas and silica gels is h y d ra ted  silica; th e  fum ed  silicas are re fe rre d  to  as silicas.

For th e  p re se n t d iscussion w e will first rev iew  th e  key p ro p e r tie s  o f  the  th re e  types o f  
silicas. T h en  w e will discuss th e  resu lts  o f  o u r  rec en t research  investiga tion  in w hich we
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have learn ed  m o re  a b o u t the  chem istry , s tru c tu re  and p ro p e r tie s  o f  th e  p rec ip ita ted  
p ro d u cts . W e have learn ed  tha t the  p ro p e rtie s  o f  the p rec ip ita ted  silicas can be fixed by 
con tro lling  th e ir  s tru c tu re  du rin g  p rec ip ita tio n . W e have syn thesized  p rec ip ita ted  
silicas w ith  d iverse  com binations o f  p ro p e rtie s , and w e w ill discuss how  th e ir  silica 
s tru c tu re  can be co rre la ted  to  key p ro p e rtie s  and functional p erfo rm ance .

II. OVERALL VIEW  OF S Y N T H E T IC  SILICAS

A. METHOD OF PREPARATION

As m en tio n e d  earlie r, th e  know n syn the tic  silicas are p rep a re d  e i th e r  by th e  vapor 
phase or by the  liquid  phase p rocess. Fumed silicas are  p rep a re d  by the  hydro lysis o f  
silicon te trach lo rid e  vap o r in a flam e o f  h y d ro g en  and oxygen  at an e lev a ted  te m p e ra 
tu re  (2, 3). T h e  reac tio n  con d itio n s are show n in F igure 1. Silica gels a n d  precipitated  
silicas are p rep a re d  by th e  ac idu la tion  o f  aq u eo u s sod ium  silicate so lu tion  (4) w ith  an 
acidification agent, such as su lfuric acid (see F igure 1). In th e  case o f  silica gels, the  
reac tion  is generally  co n d u c ted  u n d e r acid cond itions. T h e  p rec ip ita ted  silicas are 
p ro d u ce d  u n d e r alkaline reac tio n  conditions.

PREPARATION OF SILICAS

F U M E D  S IL IC A S  (V A P O R  PROCESS)
Prepared By Steam Hydrolysis O f Silicon  

Tetrachloride A t  High Temperatures.

2 H 2 + 0 2  ------------------ 2 H 20
SiCl4 + 2 H 2 0  -------------S i 0 2 + 4 HCI

or

1000°C
2 H 2 + 0 2 + SiCI4 ---------------S i 0 2 + 4 HCI

S IL IC A  G ELS A N D  P R E C IP IT A T E D  S IL IC A S  ( L IQ U ID  PROCESS)

N a2 0  x S i 0 2 + H 2S 0 4 ------------- ► - x S i 0 2 + N a2S 0 4 + H 2 0

S O D IU M  S IL IC A T E

S IL IC A  G EL: Produced Under Acid Conditions.
P R E C IP IT A T E D  S IL IC A :  Produced Under Alkaline

Reaction Conditions.
Figure 1. Preparation of silicas
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TYPE SILICAS

Figure 2. Type silicas

B. TYPES OF SILICAS

A system  fo r classifying the  various types o f  syn the tic  silicas is found  in F igure 2. It is 
show n in F igure 2 tha t silica gels are o f  tw o types, xerogels and aerogels. D u rin g  th e  
m an u fac tu re  o f  silica gels first a hyd roso l, th e n  a hyd rogel is fo rm ed . W h en  a hyd ro g el 
is w ashed and th e n  d ried  from  an organic m ed iu m  w ith o u t th e  sh rinkage o f  s tru c tu re
(4), it is called an aerogel. O th erw ise , it is called a xerogel.

D ev e lo p m e n t o f  new , co n tro lled -s tru c tu re  silicas has c rea ted  th e  n eed  fo r fu rth e r  
classifying the  p rec ip ita ted  silicas in to  five classes (see F igure 2): V H S — V ery  H igh  
S tru c tu re , H S — H ig h  S tru c tu re , M S — M edium  S tru c tu re , LS—-Low S tru c tu re  and 
VLS— V ery  Low S tru c tu re .

T h e  en d -u se  p ro p e r tie s  o f  a p rec ip ita ted  silica are re la ted  to  its s tru c tu re , its partic le  
size and its surface silanol g ro u p  density . T h e  defin itions o f  the  V H S  to  VLS are d is
cussed  la te r in  th e  te x t u n d e r S ection  III-B .

C. COMPARATIVE PROPERTIES OF SYNTHETIC SILICAS

T h e  p ro p e r tie s  o f  the  fum ed  silicas (p re p a red  via the  vap o r p rocess) have b ee n  stud ied  
by m any w o rk ers  ( 5 -7 )  and th e ir  p ro p e r tie s  have b ee n  found  to  be sim ilar in som e 
respects to  th e  silicas p re p a re d  by th e  liquid  phase  o r  w et p rocess. T his is u n d e rs ta n d 
able in tha t th e  p ro p e rtie s  o f  the  fine-partic le  syn the tic  silicas, reg ard less  o f  th e ir  
m ethod  o f  p rep a ra tio n , m ust be re la ted  to  th e  fo llow ing  key p aram ete rs: B E T  surface 
area, partic le  size and silanol g ro u p  density .
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FUMED SILICA SILICA AEROGEL PRECIPITATED SILICA
i__ . i — < i——>
Olii o.Ut C.IM

89,900X 06.800X 98.800X

Figure 3. Electron photomicrographs of three types of synthetic silicas

From  B ET surface a rea  m e asu rem en t, o n e  can calculate th e  prim ary  partic le  d iam ete r 
o f  syn the tic  silicas assum ing  spherical particles. In  real life, th e se  p rim ary  partic les do  
no t exist in the  silica p o w d e r  as such, b u t are fu rth e r  aggregated  to  exh ib it the  se co n d 
ary partic le  s tru c tu re  (3). T h e  secondary  partic les fu r th e r  aggregate d u rin g  th e  m anu
fac tu ring  p rocess to  fo rm  th e  te rtia ry  s tru c tu re  called the  “agg lom erates." T h u s in 
syn thetic  silicas on e  can envision  th e  fo llow ing th re e  types o f  partic le  size struc tu re : 
p rim ary  particles (also called  u ltim ate  partic les), secondary  particles (also called ag
gregates) and te rtia ry  particles (also called agglom erates). P rim ary  particles are easy to  
recogn ize  in fum ed  silicas and som ew hat m o re  difficult to  recogn ize  in p rec ip ita ted  
silicas. T h e  ex istence  o f  p rim ary  particles in silica gels is p u re ly  h ypo the tica l (8).

W e have co m p ared  th e  e lec tro n  m icrographs o f  a typical fum ed  silica, a silica ae rogel 
and a p rec ip ita ted  silica in F igure 3 at th e  sam e m agnification  o f  6 9 ,8 0 0 X . F rom  the  
exam ination  o f  F igure 3, on e  can clearly  recogn ize  th e  p rim ary  particles o f  th e  fum ed 
silica. T h ese  p rim ary  particles ex h ib it a cha in -type s tru c tu re  o r  secondary  s tru c tu re . In 
the e lec tro n  m icrog raph  o f  th e  p rec ip ita ted  silica on e  can recogn ize  the  p rim ary  s tru c 
tu re  in w hich th e  p rim ary  partic les fo rm  irregu la r-shaped  secondary  s tru c tu re  o f  vary
ing sizes.

In the  e lec tro n  m icrograph  o f  th e  typical silica ae rogel on e  does n o t see th e  p rim ary  
particles; in stead , on e  sees a secondary , th re e  d im ensional m esh  th a t is sup p o sed ly  
resp o n sib le  fo r the  very  high in te rn a l surface area  in silica gels (8).

In T ab le  I w e have listed  th e  com parative  physical p ro p e r tie s  o f  th e  th re e  ty p es o f  
silicas. Silica gels exh ib it very  high B E T  surface area  du e  to  in te rn a l po ro sity . F um ed
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Table I
Comparative Properties of Three Types of Silicas

PROPERTY FUMED SILICA  GEL PR EC IPITA TED
Surface Area (m :/g) 200-400 300-1000 60-300
Type Surface Area E xternal In ternal External
Porosity IMon-porous Porous Both
Bulk D ensity , g/l 32-64 96-160 160-192
5% pH 3-4.2 4-7 .5 6 .5-7 .5
Silanol G ro u p s /n m 2 2-4 4-8 8-10
Ave. Particle D iam eter (nm) 14 - 18
% S iO ; (Ignited Basis) 99 .8  (Min.) 99 .5 98 .0

silicas and p rec ip ita ted  silicas exh ib it rela tively  low er surface areas in com parison  to  th e  
silica gels. B o th  the  fum ed  silicas and p rec ip ita ted  silica are generally  n o n p o ro u s , b u t it 
is easy to  c rea te  m ic ropo rosity  in th e  p rec ip ita ted  silicas d u rin g  th e  p rocess o f  m anufac
tu re .

T h e  surface p ro p e rtie s  o f  syn the tic  silicas, such as viscosity bu ild ing , th icken ing , ad 
so rp tio n  and rheo log ical p ro p e r tie s , are re la ted  to  th e  silanol g ro u p  density  o f  th e  silica 
surface and th e  e x ten t o f  hyd ration . T h e  surface p ro p e rtie s  o f  silica pow ders  have been  
rev iew ed  by H o ck ey  (9) and H air (10). It is generally  recogn ized  th a t th e re  are th re e  
types (9 , 1 1 - 1 3 ) o f  surface hydroxyl g ro u p s p re se n t on  the  surface o f  syn the tic  silicas: 
iso lated , vicinal (on ad jacen t silicon atom s) and gem inal (tw o silanols on  sam e silicon 
atom ) silanol g roups.

T h e  silanol g ro u p  density  is m axim um  in th e  p rec ip ita ted  silicas and e igh t to  ten  silanol 
g ro u p /n m 2 have b ee n  re p o rte d  w idely in  the  lite ra tu re  fo r the p rec ip ita ted  silicas. Since 
fum ed silicas are p rep a re d  in a w ate r-defic ien t reac tio n  co n d itio n , it is n o t to o  su rp ris 
ing th a t they  have ex trem ely  lo w er silanol g ro u p  density /nm 2 th an  do  p rec ip ita ted  
silicas. I t is be lieved  th a t d u e  to  th e  very  high reac tio n  te m p e ra tu re  used  in th e  fum ed  
silica p rocess, initially alm ost all th e  silanol g ro u p s  co n d en se  to  fo rm  siloxane g roups. 
B u t th e  p resen ce  o f  w ate r vap o r and low er te m p e ra tu re  d u rin g  the  final stages o f  the 
m an u fac tu rin g  p rocess resu lt in  reh y d ro x y la tio n  w hich increases the  silanol g ro u p  
c o n ten t in th e  fum ed  silicas to  a final value o f  tw o to  fou r O H  g ro u p /n m 2.

Silica gels exh ib it silanol g ro u p  density  in te rm ed ia te  b e tw e en  th e  ex tre m e  ex h ib ited  by 
th e  fum ed  and th e  p rec ip ita ted  silicas.

III. N EW  C O N T R O L L E D -ST R U C T U R E  P R E C IP IT A T E D  SILICAS

A. PROCESS VARIABLES

P rec ip ita ted  silicas are p ro d u ce d  by th e  ac idu la tion  o f  sod ium  silicate so lu tions w ith a 
m ineral acid. T h e  p ro d u c t p ro p e r tie s  can be co n tro lled  by co n tro llin g  the  key  p rocess 
variables. T h e  key p rocess variables and th e  m an u fac tu rin g  steps u sed  in p ro d u c in g  th e  
p rec ip ita ted  silicas are d ep ic ted  in F igure 4.

As an illu stration , a lo w -stru c tu re  p rec ip ita ted  silica is p rep a re d  (14 a, b, c) by first 
add ing  a fraction  o f  the  th eo re tica l silicate n ee d ed  fo r the  reac tio n  to  a h ea ted , stirred
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PR E C IP ITA T ED  SIL IC AS

PR O C ESS V A R IA B L ES
(1) R e a c ta n t C o n c en tra tio n
(2) R ates Of A d d itio n  Of R eac tan ts
(3) F ra c tio n  Of T h eo re tica l S ilica te  In T h e  R eac to r
(4) R eac tio n  T em p era tu re

S ilicate A cid

F ra c tio n  Of T h eo re tica l 
S ilicate

4
I

WET C A K E  M O I S T U R E  = S T R U C T U R E

Figure 4. Precipitated silica manufacturing steps

rea c to r and th e n  sim ultaneously  add ing  th e  acidu la ting  agen t and th e  rem ain ing  silicate 
at p red e te rm in e d  rates un til th e  silica p rec ip ita tio n  is co m p le ted . A t this p o in t the 
p rec ip ita te  is filtered , w ashed  to  rem o v e the  sod ium  su lfate by -p ro d u c t, d ried  and 
m illed  to  the  desired  deg ree  o f  fineness.

It tu rn s  o u t th a t th e  am o u n t o f  w ate r associated  w ith  the  w ashed silica p rec ip ita te  is the 
struc tu ra l w ater, and it is a very  im p o rta n t p ro p e rty  w hich “tags” the  p ro d u c t 
p ro p e rtie s  o f  the  resu ltin g  dry  fin ished p ro d u c t. T his p ro p e r ty  is re fe rre d  to  as th e  %  
w et cake m o is tu re  (W C M ). U n d e r  a given se t o f  m anufac tu ring  and p rocess cond itions, 
%  W C M  will vary w ith  the  s tru c tu re  level o f  th e  dry p ro d u c t. A p ro d u c t w ith  a very 
high %  W C M  c o n te n t is defined  as a h ig h -stru c tu re  silica and a p ro d u c t w ith  a re la 
tively low  w ate r c o n ten t is defined  as a lo w -stru c tu re  silica. In th is co n tex t, w e will use 
%  W C M  o r s tru c tu re  synonym ously .

B. WET CAKE MOISTURE VERSUS STRUCTURE INDEX

As m en tio n e d  above, the  w ate r c o n te n t o f  the p rec ip ita ted  p ro d u c t p r io r  to  d ry in g  is an 
im p o rta n t p ro p erty . T his w ate r is p re se n t b e tw een  th e  partic les and  inside the  parti-
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P ercen t W et C ake M oisture

Figure 5. Plot of water pore volume versus WET cake moisture

cles. T h e re fo re , at a fixed se t o f  reac tio n  cond itio n s, the  w ate r associated  w ith  the  
p rec ip ita te  o r  the  filter cake is called the s tru c tu ra l w ater. T h e  am o u n t o f  w ater 
associated  w ith  on e  p a r t o f  the  dry , reco v erab le  p ro d u c t is defined  as the  w a te r p o re  
vo lum e. T h e  am o u n t o f  w ate r associated  w ith 100 parts  o f  th e  dry  reco v erab le  p ro d u c t 
is defined  as S tru c tu re  Index  (SI) (15 a, b). T h u s th e  w ater p o re  vo lum e (PV ) and SI are 
re la ted  to  th e  %  W C M  by the  fo llow ing equ a tio n .

PV
/  %  W C M  \

\1 0 0  -  %  W C M /
(1)

SI
%  W C M  \  

100 -  %  W C M /
x  100 (2)

A p lo t o f  w ate r p o re  vo lum e versus th e  %  W C M  is show n in F igure 5. T h u s  a p ro d u c t 
w ith  w ate r p o re  vo lum e above 6.5 o r  SI values above 6 5 0  is arb itra rily  defined  as a 
V H S  (very high s tru c tu re  silica). A low  s tru c tu re  silica (LS) is on e  w hich exh ib its  a 
w ate r p o re  vo lum e above 1.5 o r SI values above 150. T h ese  defin itions a re  clearly 
exp lained  in F igure 5. It m ust be p o in te d  o u t th a t th e  log  o f  the  w ate r p o re  vo lum e o r 
th e  log  SI is linearly  re la ted  to  th e  %  W C M . T h e  SI values o f  p ro d u c ts  b e tw e en  th e  %  
W C M  values o f  80 to  85 are given in T ab le  II (15).

C. STRUCTURE CONTROL

O n e o f  th e  key variables w hich can be used fo r co n tro llin g  th e  p ro p e r tie s  and the  s tru c 
tu re  o f  silica is th e  fraction  o f  th e  th eo re tica l silicate w hich is ad d ed  to  the  reac tio n  m e-
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Table II
WET Cake Moisture (WCM) Versus Structure Index (SI)

% WCM SI

80 400.0
81 426.3
82 455.5
83 488.2
84 525.0
85 566.7

d ium  p rio r  to  the  ac idu la tion . F igure 6 show s how  th e  silica s tru c tu re  increases as th e  
fraction  o f  the  theo re tica l silicate in  th e  reac tio n  m ed ium  increases.

D. ELECTRON PHOTOMICROGRAPHS OF CONTROLLED STRUCTURE SILICAS

T h e  e lec tro n  p h o to m icro g rap h s  o f  V H S  (very high s tru c tu re ) and H S  (high s tru c tu re ) 
silicas are show n in F igure 7. T h e  com parative  p h o to m icro g rap h s o f  M S (m ed ium  
stru c tu re ) and LS (low  stru c tu re ) silicas are show n in F igure 8 . In T ab le  III w e have 
com pared  the  p artic le  size o f  the V H S  to LS silicas. E xam ination  o f  T ab le  III clearly 
po in ts  to  the  fact th a t the  p rim ary  partic le  size increases as th e  silica s tru c tu re  level 
decreases. T hus the  co n tro l o f  p artic le  size via co n tro llin g  the  silica s tru c tu re  p rov ides 
an im p o rta n t too l fo r p ro d u c in g  silicas fo r d iverse  specialty  and cosm etic  applications.

Figure 6. Method of controlling the silica structure
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Figure 7. Electron photomicrographs of VHS and HS silicas

Figure 8. Electron photomicrographs of MS and LS silicas
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Table III
Particle Size of Precipitated Silicas

PARTICLE DIAM ETERS, nm
MEAN MINI- MAXI-

STRUCTURE EMSA m 2/g PARTICLE DIAMETER MUM MUM
VHS 250 12 5 20
HS 175 17 5 30
MS 145 20 5 25
LS 60 51 5 300

IV . R ESU LTS A N D  D ISC U SSIO N S

A. METHOD OF EVALUATION AND PROPERTIES OF PRECIPITATED SILICAS

Six c o n tro lled -s tru c tu re  silicas (s tru c tu re  level from  V H S  to  VLS) w ere  p rep a re d  
sim ilar to  the  m e th o d  illu stra ted  in F igure 6 . All th e  p rec ip ita ted  sam ples w ere  w ashed , 
d ried  and air m icron ized  to  p ro d u ce  m icron-size silicas. T h ese  six sam ples w ere  
designated  as A, B, C, D , E and F. T h e  fin ished sam ples w ere  characterized  by th e  
various physical p ro p e rtie s , such as oil ab so rp tio n  (O A ), g lycerine  ab so rp tio n  (G A ), 
m ineral oil ab so rp tio n  (M A ), so rb ito l ab so rp tio n  (SA), B ET surface area (B ET), 
average partic le  size (A PS), p o ro sity  by m ercu ry  in tru sio n  (H G I), g lycerine dem and  
index  (G D I), m ineral oil dem and  index  (M D I), so rb ito l dem and  index  (SD I), %  w et 
cake m o is tu re  (W C M ) and  s tru c tu re  index  (SI). T h e  data  are sum m arized  in T ab les IV  
and V. T h e  oil ab so rp tio n  o f  silicas was d e te rm in e d  by th e  A ST M  ru b -o u t m e th o d  (1 6). 
T his te s t is based on  th e  p rinc ip le  o f  m ixing lin seed  oil w ith  a silica by ru b b in g  w ith  a 
spatu la on  a sm ooth  surface un til a stiff p u tty -lik e  paste  is fo rm ed . By m easu ring  th e  
quan tity  o f  o il req u ired  to  p ro d u ce  a very  stiff, p u tty -lik e  paste , w hich will n o t b reak  o r 
separate  w hen  it is cu t w ith  the  spatula, one can m easu re  the  oil ab so rp tio n  o f  silica— a 
value w hich rep re se n ts  th e  vo lu m e o f  oil req u ire d  p e r  u n it w eigh t o f  silica to  sa tu ra te  
the silica so rp tive  capacity. T h e  oil ab so rp tio n  value is calculated  by the  fo llow ing  eq  3.

ml oil ab so rp tio n  x  100
O il A b so rp tio n  =  -----------------7--------------------------  (3)

w eigh t o f  silica sam ple, gram

=  m l oil/ 100 g silica

T h e  A ST M  m eth o d  was m odified  in that th e  lin seed  oil was rep laced  by g lycerine , 
m ineral oil (saybolt viscosity 340 to  350) o r  so rb ito l (7 0 %  so lu tion) w hen  ru n n in g  th e  
respective  h u m ectan t and m ineral oil ab so rp tio n  values.

Surface area  was d e te rm in e d  by th e  n itrogen  ad so rp tio n  m e th o d  (17) o f  B ru n au e r, E m 
m e tt and T e lle r  (BET) w hile the  average p artic le  size (secondary  p artic le  size) was d e 
te rm in ed  by the  C o u lte r  C o u n te r  m e th o d  (18) using M odel T A IL

T h e  void vo lum e o f  silicas was d e te rm in e d  by the  A m inco-W inslow  P o ro s im e te r  (19). 
T h is in s tru m e n t is a com plete ly  hydrau lic  m ach ine used to  m easu re  th e  void  s tru c tu re  
o f  various m aterials. T h e  m ercu ry  is fo rced  in to  the  voids as a function  o f  p re ssu re  and 
the  vo lum e o f  m ercu ry  in tru d e d  p e r  gram  o f  sam ple is ca lcu lated  at each  p re ssu re  se t
ting. In crem en ts  in vo lum e (cc/g) at each p re ssu re  se ttin g  are p lo tte d  against th e  void 
size co rresp o n d in g  to  th e  p re ssu re  se tting  in c rem en ts . W e have lis ted  in T ab le  IV  th e  
to ta l in tru d e d  vo lum e o f  m ercu ry  in cc H g /g  o f  silica.
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Table IV
Properties of Precipitated Controlled Structure Silica Samples (A-F)

PR O PER TIES/PR O D U C T A B c D E F

STRUCTURE CODE VHS HS MS MS LS VLS
% WET CAKE MOISTURE 86 84 80 75 60 55
STRUCTURE INDEX 614.3 525.0 400.0 300.0 150.0 122.0
OIL ABSORPTION, ml/IOOg 210 196 177 153 92 72
GLYCERINE ABSORPTION, ml/IOOg 163 140 136 119 113 72
SORBITOL ABSORPTION, ml/IOOg 196 189 158 148 120 75
M INERAL OIL ABSORPTION, ml/100g 205 199 175 161 99 90
BET SURFACE AREA, m2/g 200 140 125 85 65 50
AVG. PARTICLE DIAMETER, ftm 3.0 3.2 4.2 6.4 8.0 9.6
MERCURY INTRUSION POROSITY, ccHg/g 6.32 5.39 4.66 3.94 1.84 1.58

G lycerine  dem and  index  (G D I), m ineral oil d em an d  index  (M D I) and so rb ito l dem and
index  (SD I) values (listed  in T ab le  V) w ere  d e te rm in e d  by co n v e rtin g  th e  respec tive
liqu id  in to  free-flow ing  pow ders  by th e  ad d itio n  o f  silica fo r ease o f  hand ling  and
b lend ing  in to  dry  fo rm u lations. Silica was m ixed  w ith  a know n w eigh t o f  liqu id  un til a
free-flow ing  p o w d er was ob ta in ed . T h e  h u m e c ta n t dem and  index  (H D I) o r the  drying-
up  capacity was calcu lated  as the  w eigh t o f  the  liqu id  d ried  up  by 100 g  o f  silica un til a
free-flow ing  p o w d er was ob ta in ed .

T h e  %  W C M  values o f  the  p rec ip ita ted  silicas w ere  d e te rm in e d  by d ry ing  100 g  o f  the
w ashed  p rec ip ita te  o r th e  filter cake at 150°C  u n til a co n s tan t w eigh t o f  dry  silica
was o b ta in ed . T h e  %  W C M  value is o b ta in ed  by sub trac tin g  the  dry  w eigh t o f  silica
from  100 (the  g ross w eight o f  th e  p rec ip ita te ).

T h e  SI values w ere  calcu lated  by using eq  2.

B. CORRELATION OF PROPERTIES VERSUS SILICA STRUCTURE

T h e  ex p e rim en ta l data lis ted  in T ab les IV  and V w ere  eva lua ted  by' a c o m p u te r
p rog ram  using m u ltilin ear reg ression  eq 4

Y  =
n

E  a iXi +  b
i= 1

(4)

w here  Y  is th e  d e p e n d e n t variable such as %  W C M  o r SI, x the in d e p e n d e n t variable
and “a” is a m u ltilin ear reg ression  coefficient.

Table V
Humectant Demand Index (Drying-up Capacity) Versus Precipitated Silica Structure

PR O PERTY /PRO D U CT A B C D E F

% WET CAKE MOISTURE 86 84 80 75 60 55
STRUCTURE INDEX 614.3 525.0 400.0 300.0 150.0 122.0
STRUCTURE CODE VHS HS MS MS LS VLS
GLYCERINE DEMAND INDEX, g/100g 265.0 242.5 233.3 212.5 100.0 92.1
MINERAL OIL DEMAND INDEX, g/100g 233.3 203.0 194.1 150.0 81.8 73.3
SORBITOL DEMAND INDEX, g/100g 257.1 244.8 233.3 185.7 98.0 88.7
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Table VI
Correlations Between Precipitated Silica Structure (% WCM and SI) and its Physical Properties

STRUCTURE
PARAMETER

% WCM

CORRELATION STRUCTURE
PROPERTIES_________ COEFFICIENT PARAMETER______________PROPERTIES

/  OIL ABSORPTION 0.998 /  OIL ABSORPTION
GLYCERINE ABSORPTION 0.920 GLYCERINE ABSORPTION
SORBITOL ABSORPTION 0.967 SORBITOL ABSORPTION
MINERAL OIL ABSORPTION 0.996 MINERAL OIL ABSORPTION
BET SURFACE AREA 0.895 LOG STRUCTURE BET SURFACE AREA
AVG. PARTICLE DIAMETER 0.981 INDEX AVG. PARTICLE DIAMETER
MERCURY INTRUSION POROSITY 0.985 MERCURY INTRUSION POROSITY
GLYCERINE DEMAND INDEX 0.991 GLYCERINE DEMAND INDEX
MINERAL OIL DEMAND INDEX 0.986 MINERAL OIL DEMAND INDEX

\  SORBITOL DEMAND INDEX 0.993 \  SORBITOL DEMAND INDEX

CORRELATION
COEFFICIENT

0.999
0.925
0.970
0.997
0.926
0.986
0.995
0.984
0.993
0.992

T h e  calculations w ere  carried  o u t by th e  c o m p u te r  in w hich a co rre la tio n  m atrix  is d e 
te rm in ed  first. T h e n  the  p rog ram  in tro d u ces  the in d e p e n d e n t variab le o n e  by o n e . In 
step  one , the  variable x is in tro d u c ed  w hich has the  s tro n g es t co rre la tio n  w ith  Y. A t 
each consecu tive  step  th e  in d e p e n d e n t variable is in tro d u c ed  by the  p rog ram  w hich has 
the  b est co rre la tio n  coefficient. T ab le  VI gives th e  co rre la tio n  coeffic ien t resu lts  w hen  
the  silica %  W C M  and log  s tru c tu re  index (d e p e n d e n t variables) w ere  co rre la te d  w ith  
the  various physical p ro p e rtie s  lis ted  in T ab les IV  and V. N o te  in T ab le  V I th a t th e  %  
W C M  and log s tru c tu re  index  param ete rs  o f  silicas co rre la te  very well w ith  the  physical 
p ro p e rtie s  o f  silicas sam ples A th ro u g h  F. T h e  various m athem atical equ a tio n s re la ting  
the  silica s tru c tu re  w ith  its physical p ro p e rtie s  are lis ted  in T ab le  V II. T h ese  equ a tio n s 
suggest th a t th e re  is a very  high d eg re e  o f  co rre la tio n s b e tw e en  the  silica s tru c tu re  and 
its physical p ro p e rtie s .

C. OIL ABSORPTION VERSUS STRUCTURE INDEX

T h e s tru c tu re  (%  W C M ) o f  silica co rre la tes  very w ell w ith  the  oil ab so rp tion . 
T h e re fo re  the  oil ab so rp tio n  value can be used  fo r p red ic tin g  th e  en d -u se  p ro p e r tie s  o f  
the p rec ip ita ted  silicas. A p lo t o f  log  SI versus oil ab so rp tio n  is show n in F igure 9.

Table VII
Mathematical Relationship Between the Precipitated Silica Structure and Its Physical Properties

% WCM (S IL IC A  STRUCTURE) 
LOG SI (STRUCTURE IN D E X )

% WCM (S IL IC A  STRUCTURE) 
LOG SI (STRUCTURE IN D E X ) 

% WCM (S IL IC A  STRUCTURE) 
LOG SI (STRUCTURE IN D EX)

% WCM (S IL IC A  STRUCTURE) 
LOG SI (STRUCTURE IN D E X ) 

% WCM (STRUCTURE)
LOG SI (STRUCTURE IN D E X ) 

% WCM (STRUC TU RE)
LOG SI (STRUCTURE IN D E X )

% WCM (STRUC TU RE)
LOG SI (STRUCTURE IN D E X )

0.23 (O IL  ABSO RPTIO N) + 39.0
0.012 (O IL  ABSO RPTIO N) + 3.93

0.38 (G LYC ER IN E ABSORPTION) + 25.7
0.019 (G LYC ER IN E ABSORPTION) + 3.24

0.26 (M IN E R A L  O IL  ABSORPTION) + 33.0
0.013 (M IN E R A L  O IL  ABSORPTION) + 3.63

0.28 (SO RBITO L ABSORPTION) + 32.4
0.014 (SO RBITO L ABSORPTION) + 3.59

0.21 (SURFACE A R E A ) + 50.3
0.011 (SURFACE A R E A ) + 4.47

4.7 (A V G . PAR TIC LE SIZE) + 100.1 
-0.24 (A V G . PAR TIC LE SIZE) + 7.08

6.7 (M ERC URY INTRUSIO N POROSITY) + 4 7 .0
0.34 (M ER C U R Y IN TR U SIO N  PO RO SITY) + 4.33
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OIL ABSORPTION

Figure 9. Plot of silica structure versus oil absorption

E xperience o f  p ro d u c in g  a w ide varie ty  o f  p rec ip ita ted  silicas has led us to  the  conc lu 
sion th a t V H S  silicas exh ib it oil ab so rp tio n  values above 2 0 0  m l o il/100 g  silicas. T h e  
p rec ip ita ted  silicas b e tw een  the oil ab so rp tio n  range o f  125 to  175 m l/100 g silica are 
classified as M S silicas. P ro d u c ts  w ith  oil values below  200  and above 17 5 are called H S 
silicas. P ro d u c ts  below  75 ml o il /100 g silica are called VLS silicas and the  LS silicas 
range b e tw e en  th e  values 75 to  125 m l o il/100 g silica. N o te  th a t in  T ab le  IV  w e have 
re fe rre d  to  the  p ro d u c t “C ” as M S silica du e  to  its W C M  and SI values even  th o u g h  its 
oil ab so rp tio n  is slightly above the  175 m l o il /100 g silica cu t-o ff  range fo r the MS 
s tru c tu re  silica.

D. GLYCERINE, MINERAL OIL AND SORBITOL ABSORPTION VERSUS THE SILICA STRUCTURE

Figure 10 show s the  re la tio n sh ip  b e tw een  the  %  W C M  o f  silica sam ples and th e ir  c o r
resp o n d in g  m ineral oil abso rp tions. F igure 11 is a p lo t o f  log  SI versus th e  h u m ec tan t 
ab so rp tio n  values o f  the  various co n tro lled -s tru c tu re  silicas. T h e  m ineral oil ab so rp tio n  
values are rela tively  h ig h e r than  th e  g ly cerin e /so rb ito l ab so rp tio n s o b ta in ed  w ith  the 
sam e silica sam ples (see T ab le  IV). T h is m ay be du e  to  th e  n o n h y d ro g en -b o n d in g  na
tu re  o f  the  m ineral oil. N o te , also th a t th e  so rb ito l ab so rp tio n  values are h ig h e r than 
the  co rresp o n d in g  g lycerine  ab so rp tio n  values. T h e  m athem atical re la tio n sh ip s b e 
tw een  th e  silica s tru c tu re  and various liqu id  ab so rp tio n  values are p red ic ted  by the 
reg ression  program . T h ese  eq u a tio n s are lis ted  in T ab le  V II as w ell as in F igures 10 
and 1 1 .
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Figure 10. Plot of silica structure versus minerai oil absorption

Figure 11. Plot of silica structure versus humectant absorption
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E. SILICA STRUCTURE VERSUS THE BET SURFACE AREA

T h e  B E T  surface area  o f  th e  various co n tro lled -s tru c tu re  silicas was co rre la ted  w ith  the  
silica s tru c tu re . A p lo t o f  log  SI versus th e  B E T  surface area  o f  th e  six co n tro lled -s tru c 
tu re  silicas o f  T ab le  IV  is d ep ic ted  in F igure 12.

F. AVERAGE PARTICLE SIZE VERSUS THE SILICA STRUCTURE

A go o d  co rre la tio n  was o b ta in ed  b e tw een  th e  various s tructu ra lly  d iffe ren t silica sam 
ples and th e ir  co rresp o n d in g  average partic le  size (secondary  partic le  size). A p lo t o f  %  
W C M  and  A PS (average partic le  size) is show n in F igure 13- T h u s it is c lear th a t as the  
silica s tru c tu re  decreases, th e  p artic le  size co rresp o n d in g ly  increases (see also T ab les 
IV  and V II).

G. VOID VOLUME VERSUS THE SILICA STRUCTURE

T h e  re la tio n sh ip  b e tw e en  th e  void  vo lum e o f  silica as d e te rm in e d  by th e  m ercu ry  in 
tru sion  m e th o d  and its silica s tru c tu re  is show n in F igure 14. A lo w -stru c tu re  silica 
exhibits low -void vo lu m e and as th e  silica s tru c tu re  increases, th e  void  vo lu m e o f  silica 
co rrespond ing ly  increases. T his is show n m athem atically  by reg ressio n  eq u a tio n s in 
T able V II as well as in  F igure 14.
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Figure 13- Plot of silica structure versus average particle size

Figure 14. Plot of silica structure versus mercury intrusion porosity
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Figure 15. Mineral oil drying-up capacity of precipitated silicas

300

250

200

150

100

50

SORBITOL DRYING UP CAPACITY OF PRECIPITATED SILICAS
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Figure 16. Sorbitol drying-up capacity of precipitated silicas
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H. GLYCERINE, SORBITOL AND MINERAL OIL DEMAND INDEX VERSUS SILICA STRUCTURE

P recip ita ted  silicas are used for co n v e rtin g  th e  liquids in to  dry , free-flow ing  pow ders. 
T his te ch n iq u e  is used  fo r ease o f  hand ling  and  dry  b len d in g  “liq u id s” in to  m any 
fo rm ulations. T h e  d ry ing-up  capacity  o f  p rec ip ita ted  silicas increases w ith  th e  increase  
in the  silica s tru c tu re  level. T his is show n in F igures 1 5 -1 7  and data  are lis ted  in T a 
ble V.

V. D E N T IF R IC E  PR O PE R TIES OF C O N T R O L L E D -ST R U C T U R E  
P R E C IP IT A T E D  SILICAS

A. THICKENING AND VISCOSITY BUILDING PROPERTIES

T h e  th ick en in g  and viscosity bu ild ing  p ro p e r tie s  o f  the  six co n tro lled -s tru c tu re  silica 
sam ples (fo r physical p ro p e r tie s  o f  silica, see T ab le  IV ) w ere  s tu d ied  in a n o n h y d ro g en 
b ond ing  liquid  (m inera l oil), as w ell as a h y d ro g en -b o n d in g  liqu id , such as g lycerine  
(poly functional alcohol). T h e  e ffec t o f  silica co n c en tra tio n  on  th e  viscosity o f  m ineral 
oil and g lycerine  is show n in F igures 18 and 19, respectively .

T h e  th ick en in g  and viscosity bu ild ing  p ro p e r tie s  o f  the  p rec ip ita ted  silicas are 
in fluenced  by the fo llow ing factors: 1) n a tu re  o f  the  liquid  m ed ium , 2 ) s tru c tu re  o f  the 
p rec ip ita ted  silica, 3) co n c en tra tio n  o f  the silica, 4) partic le  size and surface area o f  the 
silica, 5) silanol g ro u p  density , 6) d eg re e  o f  d ispers ion , 7) n a tu re  o f  additives, if  any, 
and 8 ) p H  o f  the system .
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Figure 17. Glycerine drying-up capacity of precipitated silicas
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EFFECT OF SILICA CONCENTRATION ON VISCOSITY OF MINERAL OIL

1.0 2.0 4.0 6.0 8.0 10
CONC. OF SILICA (%)

Figure 18. Effect of silica concentration on viscosity of mineral oil

F rom  F igure 18, it is c lear th a t only 3 to  6 %  o f  V H S  silica (Sam ple A) is ex trem ely  e f
fective in increasing  the  viscosity o f  m ineral oil. A t the  sam e level o f  co n cen tra tio n  
(3 to  6% ) th e  v iscosity  increase  p ro d u ce d  by the  V H S  silica (Sam ple A) is m uch  low er 
in th e  g lycerine m ed ium .

This resu lt is exp la ined  by the  fact th a t the  p rec ip ita ted  silicas p ro d u ce  a m uch  h igher 
viscosity increase  w hen  added  to  th e  n o n h y d ro g en -b o n d in g  liqu id  system  (m inera l oil). 
In th e  n o n h y d ro g en -b o n d in g  system s, th e  hydroxyl g ro u p s o f  th e  p rec ip ita ted  silicas 
have a g re a te r  tendency  to  h yd rogen  bond  w ith  each o th e r  because th e re  is no  com 
p e titio n  fo r h y d ro g en  b o n d in g  in th e  liqu id  m ed ium . T h is situation  is rev e rsed  w hen  
th e  silica is added  to  a h y d ro g en -b o n d in g  liqu id  system  such as g lycerine. T h e  hy 
d ro g en -b o n d in g  liquid  system  co m p ete s  fo r the  silanol g ro u p  o f  silicas th e re b y  re d u c 
ing th e  ability  o f  th e  silica-silanol g ro u p s to  hyd rogen  bo n d  w ith  each o th e r. T his 
explains the  low er viscosity increase ob se rv ed  w hen  silicas are ad d ed  to  the  h y d ro g en 
b o n d in g  liqu id  system .

T h e  viscosity  o f  a liquid  system  w ould  increase w hen  the  silica s tru c tu re  level increases, 
the  partic le  size d ecreases, the  B E T  surface area  increases and th e  silica co n c en tra tio n  
o r use level increases.

It appears th a t the  silanol g ro u p  density  o f  silicas also in fluences th e  viscosity o f  liquid  
system s. T o  p ro v e  th is co n cep t, a V H S  silica, S am ple A, was calcined fo r 2 h r  at 600°C  
to  partially  rem ove the  silanol g roups. This calcined silica m ateria l, A A , was added  to  
m ineral oil to  study th e  viscosity effects. F rom  F igure 18, it is c lear th a t th e  viscosity 
increase co n trib u ted  by Sam ple A A  (calcined V H S  silica) is m uch  lo w er than  th e  vis-
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Figure 19. Effect of silica concentration on viscosity of glycerine

cosity  increase  o b ta in ed  w ith  the  regu la r S am ple A. T his substan tia tes the  fact th a t 
silica th ic k en e r efficiency is red u ced  w hen  silanol g roups are partially  rem oved .

A dditives have an effec t on  th e  viscosity b eh av io r o f  silicas in various system s. In 
general, add ition  o f  1 to  2%  by w eigh t (based on  to ta l w eigh t o f  system ) o f  a h y d ro g en 
b o n d in g  additive (e th y len e  glycol, am ines, etc.) to  p rec ip ita ted  silica in  a n o n h y d ro g en 
b ond ing  o r slightly p o la r system  will increase viscosity because add ition  o f  the  additive 
will increase th e  p robab ility  o f  silano l— silanol g ro u p  in te rac tio n s by acting  as b ridg ing  
groups. Large ad d itio n  o f  additives (5 to  10% ) o f  h y d ro g en -b o n d in g  additive w ould  
ten d  to  decrease  th e  viscosity o f  n o n h y d ro g en -b o n d in g , liquid-silica system .

It has b een  observed  th a t th e  m ost favorab le p H  range fo r th icken ing  liquid  system s 
capable o f  hyd ro g en  bo n d in g  is b e tw een  4 to  8 ; the  m axim um  viscosity is o b ta in ed  w ith  
silica close to  p H  7.

In sum m arizing, fo r cosm etic  applications o n e  needs to  choose a very  high s tru c tu re  
silica w ith  the  h ighest B E T  surface area and th e  finest partic le  size to  ob ta in  the  
m axim um  viscosity increase in a g iven system .

B. DENTIFRICE SILICA ABRASIVES VERSUS RDA

D en tifrice  com positions con tain  an abrasive, liqu id  h u m ectan t, th ic k en e r, sudsing  
agent, flavor and m in o r am oun ts o f  o th e r  o p tio n a l ing red ien ts . E xtensive stud ies  have
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been  u n d e rta k en  by m any w o rk e rs  co n cern in g  the  cleaning, po lish ing  and abrasiv ity  o f  
den tifrices. It is generally  recogn ized  in th e  lite ra tu re  th a t abrasiv ity  and cleaning 
p ro p e rtie s  are m ore  o r  less d irec tly  re la ted , i.e ., the h igher the  abrasivity , the  g rea te r 
th e  cleaning efficiency (20 , 21).

It is w ell recogn ized  tha t a d en tifrice  shou ld  con tain  som e abrasive agent (2 1 -2 3 ) , 
b u t th e re  has b een  co n cern  ex p ressed  ov er th e  possib le d e le te rio u s  effects o f  excessive 
abrasiveness (20, 24 , 25). T h e  C ouncil on  D en ta l T h erap eu tic s  (24) cau tions th a t a 
d en tifrice  shou ld  be no m o re  abrasive than  is necessary  to  k eep  te e th  free  o f  accessible 
p laque , deb ris  and superficial stain.

W e have u n d e rta k en  ex tensive  research  and d ev e lo p ed  m e th o d s by w hich we can co n 
tro l the  abrasiv ity  o f  p rec ip ita ted  silicas (14, 15). Ideally , d en tifrice  abrasive should  
p ro v id e  m axim um  clean ing  and po lish ing  w ith  m in im um  abrasion  to  enam el, d en tin  
and cem en tum . T o  do  an effective job  in a d en tifrice , we believe th e  silica abrasive 
shou ld  exh ib it the  fo llow ing p ro p e rtie s : low est h u m ec tan t dem and , co n tro lled  
abrasivity , co n tro lled  partic le  size and shape, go o d  fluo ride com patib ility , g o o d  clean
ing p ro p e r tie s  and accep tab le surface p ro p e rtie s  and com patib ility  behavior.

In a series o f  tests , w e have found  th a t lo w -stru c tu re  p rec ip ita ted  silicas can be used ef
fectively in d en tifrices  to  p ro v id e  an accep tab le  clean ing  at low abrasion. T h e  R D A  
(26) (rad ioactive d en tin  abrasion) o f  p rec ip ita ted  silica abrasives is re la ted  to  silica 
s tru c tu re  (15). A p lo t o f  silica abrasive R D A  versus its oil ab so rp tio n  is show n in F igure 
20.

Figure 20. Plot of silica RDA versus oil absorption
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Figure 21. Effect of silica concentration on RDA

C. RDA VERSUS ABRASIVE LEVEL

A series o f  low -stru c tu re  p rec ip ita ted  silica abrasives was p rep a re d  and eva lua ted  for 
R D A  at various levels o f  co n cen tra tio n . F igure 21 show s the  effec t o f  silica co n c en tra 
tion  on  its R D A  values; silica abrasive can be used  at ab o u t 25%  level in a d en tifrice  
m atrix  to  p ro d u ce  th e  acceptab le R D A  values. T h e  R D A  values o f  silica abrasives do 
no t p ro p o rtio n a te ly  increase w ith  the  abrasive level. T his gives the  cosm etic  chem ist 
trem en d o u s  flexibility in fo rm u la ting  an accep tab le  d en tifrice  by co n tro llin g  th e  level 
o f  silica abrasive in th e  d en tifrice  fo rm ulation .

T h e  R D A  o f  p rec ip ita ted  silica abrasive can be calcu lated  by using  eq  5

R D A  =  —4.17  (O il A bso rp tio n ) +  5.3 (%  A brasive Level) +  6 4 0 .8  (5)

VI. CO SM ETIC A PPL IC A T IO N S

T h e  syn the tic  silicas are in e rt, non tox ic , chem ically  p u re , w h ite  po w d ers  w hich are ac
cep tab le  u n d e r th e  FD A  regu la tions fo r use in food and cosm etic  fo rm ulations. T ypical 
p ro p e rtie s  o f  syn thetic  silicas are lis ted  in  T ab le  V III and are d iscussed  below .

A. DRYING-UP LIQUIDS

For m any food , cosm etic and pharm aceu tical app lications it is essen tia l to  dry  up  th e  ac
tive in g red ien ts  on  an in e rt, non tox ic  carrier. S yn thetic  silicas a re  w idely u sed  in such 
applications fo r d ry ing  up  liquids in to  pow ders. Since the  d ry ing -up  capacity o f  silica is 
re la ted  to  its s tru c tu re , a cosm etic  chem ist shou ld  choose a V H S  o r H S  silica fo r th is 
type o f  application .
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Table VIII
Cosmetic Application of Silicas

PROPERTY APPLICATION
SILICA

STRUCTURE
DRYING-UP LIQUIDS FOODS, COSMETICS, PHARMACEUTICALS VHS, HS
ANTI-CAKING FOODS, COSMETICS, HOUSEHOLD PRODUCTS VHS, HS
CONDITIONING AGENT PERSONAL CARE, SPECIALTY VHS
SUSPENSION HAIR CARE, DEODORANTS, COSMETICS, LIQUIDS VHS
THICKENING TOOTHPASTE, LIQUIDS, SPECIALTY VHS, MS
TABLETTING AID PHARMACEUTICALS, COSMETICS VHS, MS
ABRASIVES AND 
POLISHING AGENT

TOOTHPASTE LS, VLS
ADSORBENT POLYOLS LS, VLS
VISCOSITY CONTROL NAIL POLISHES, COSMETICS VHS
GLOSS REDUCTION SPECIALTY VHS, MS

B. ANTI-CAKING

Many cosmetic, food and pharmaceutical preparations tend to cake up in the container 
or the box in which they are packaged. Due to the fine particle size and very high 
absorption capacity of VHS or HS silica, these silicas are widely used to make cosmetic 
and specialty formulations free-flowing.

C. CONDITIONING

Some cosmetic and specialty powder formulations are difficult to flow due to moisture 
pick-up by one or several ingredients of the formulations. The flow properties and 
angle of repose of these powder formulations can be improved in such situations by the 
addition of 1 to 2 % by weight of synthetic silica.

D. SUSPENSION AID

In many cosmetic formulations, such as in aerosol and antiperspirant formulations, a 
very small amount of silica is needed to provide suspension characteristics to the active 
ingredients of the formulation. A VHS or HS silica of high absorption capacity and sur
face area is used in this type of application.

E. THICKENING AGENT

The addition of 6  to 16% VHS or HS silicas to dentifrice formulations, aqueous or oil 
systems, would convert them to gels or pastes. The superior thickening efficiency of a 
precipitated silica depends upon its structure, particle size, surface area and nature of 
additives.

F. TABLETTING AID

Precipitated silicas serve as binders, eliminate sticking and act as tabletting aids in phar
maceutical and specialty applications.
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G. ABRASIVE AND POLISHING AGENT

Due to mild abrasivity and controlled structure, precipitated silicas are used as mild 
abrasives and polishing agents in toothpaste formulations. LS and VLS silicas are ideally 
used because of their low humectant demand and acceptable compatibility features 
with other toothpaste formula ingredients.

H. ADSORBENT

Controlled-structure precipitated silicas are used to purify polyols and to remove 
traces of impurities from many liquids and effluents. The choice of proper silica would 
depend upon the nature and concentration of the impurity present in the liquid.

I. VISCOSITY CONTROL

A relatively small amount of VHS silicas increases the viscosity of creams, lotions, oint
ments, acne preparations and other specialty products enabling the cosmetic chemist to 
control the viscosity characteristics of his finished product.

J. GLOSS REDUCTION

Synthetic silicas are widely used as de-lustering agents to reduce the gloss of varnishes, 
lacquers and other surface coatings.

V II. CO N CLU SIO N S

We have presented here the structure, chemistry and preparation of controlled-struc
ture precipitated silicas. We have correlated the properties and the end-use applica
tions of silicas to their structure. The variety of cosmetic applications in which 
synthetic silicas are currently being used is already phenomenal. Further insight into 
surface chemistry and silica structure is needed to further explore the future cosmetic 
properties of synthetic silicas.
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