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Seci== cocoyl isethionate (SCI), originally described by
Demmlier and Platz (U.S. Patent No. 1,881,172) in 1932, has
Se=o of commerdial interest for more than 50 years. It ex-
s oroperties such as high melting point and ease of plod-
S (moldability) that have resulted in commercial applica-
Se== c=mterng around its use in syndet and combination
fmilet bors.

is SCI an effective lime soap dispersant, it is very
=22 =2 well tolerated by individuals who are adversely af-

:

, rich creamy foam
22 companbility with perfumes and emollients are readily
=5F===t %0 those who formulate with it, The success of Le-
#== Szothers’ Dove and Caress bars attest to its commercial
senificance.

“\=w “ormulations employing SCI either in combination or
det bars appear regularly; for example, its ability to clean

zt lower pH has made it a prime ingredient in Johnson
Johnson’s new baby bar. i

Two Methods of Preparation

SO s commercially prepared by two routes. In one case,
s =Hng coconut fatty acids are converted to the corre-

2 acd chlorides and subsequently condensed with
drous sodium isethionate. Hydrochloric acid is formed
‘product and is removed by distillation. Residual hy-
< acid is neutralized, hence, SCI prepared by this
characterized by a sodium chloride residue and neu-

By the direct route, coconut fatty acids are condensed di-

rectly with sodium isethionate at high temperatures (220-
=0°C) to afford the ester in molten form. In this procedure,
e easily oxidized molten product must be cooled and con-

wemed to the finished powder without darkening, It is ex-
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Quality Parameters for
Sodium Cocoyl Isethionate

tremely difficult to reach the activity associated with the acid
chloride route; however, the direct route does not produce
sodium chloride. It does produce more free fatty acids, hence
an SCI with a lower PH specification. Also, because of the
vigorous conditions required, some loss of low molecular
weight volatile fatty acids can occur.

Whether produced by the acid chloride or direct route, SCI
quality begins with the proper choice of raw materials. So-
dium isethionate is commercially available as a 57% solution,
the concentration at which it will remain stable and not crys-
talize upon storage (Sexton, U.S. Patent No. 2,810,747). Table
1 lists those specifications and tolerance associated with a
high quality sodium isethionate solution.

Sodium isethionate is produced by the condensation of so-
dium bisulfite and ethylene oxide. The reaction takes place
readily in water; however, high pH will generate ethylene
glycols. They will esterify by either SCI manufacturing route
to form mono and diesters that are associated with defoam-
ing. In,addition, Geitz (U.S. Patent No. 2,894,912) and Lam-
berti (U.S. Patent No. 4,003,925) claim that glycols can re-
duce the viscosity of the wet-mixing step ‘‘causing the batch
to become soupy thereby leading to increased sandy bar pro-
duction.” Therefore, glycols must be kept to a minimum.

Various grades of coconut fatty acids can be considered:
however, Geitz points out the advantages of employing a
hydrogenated coconut fatty acid as the raw material of
choice. More fully hydrogenated or distilled grades are more
expensive and are not required ultimately for soap bar use.
Hydrogenated coconut fatty acid-based SCI produces harder
bars with better foaming properties and is less susceptible to
oxidation and odor formation (rancidity). Some unsaturation
is, however, desirable for better bar texture and plasticity;
therefore, Geitz recommends an Iodine number between 3.5
and 7.5.

Since the acid chloride route does not affect the fatty acid
distribution, whatever is used finds its way into SCI in the
same relative ratios; the direct condensation reaction is con-
ducted under conditions in which the alkyl distribution can
be altered. For example, Holland and McCrimlisk (U.S. Pat-
ents No. 3,420,857 and 858) show how some loss of G and
Cy, fatty acids can be tolerated. In fact, free C; and C,, fatty
acids are associated with SCI products that exhibit increased
skin irritation, odor and poor soap bar processing. Cahn
(U.S. Patent No. 3,394,155) details the effect of unreacted
“low ends.”

Comparing Vendor, Consumer, CTFA Specifications

At this point, it is enlightening to compare published prod-
uct specifications. Table 2 illustrates these and compares them
to a typical consumer and CTFA specification.

The average molecular weight for SCI based on the coco-
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nut fatty acid of choice is 338. Vendor D is using a fatty acid
which has a different distribution and most likely contains
less C; fatty acids. The CTFA specification actually provides a
fatty acid distribution which contains no C; fraction. The rea-
son has not been determined. Obviously, the alkyl distribu-
tion will determine the average molecular weight and the
claimed activity of the product. For example, if the 341 and
345 MW figures are adjusted to 338, then the activities would
be 81.3% and 74.5%, respectively. As we shall see, a close
analysis of the alkyl distribution and a calculation of the
“real’” average MW will afford a more meaningful analysis of
the percent actives.

The second point to be understood in comparing these
specifications is that the percentages for the various ingredi-
ents in SCI do not add up to 100%. For example, SCI from
Vendor A, prepared by the direct route, exhibits the follow-
ing typical analysis:

Actives (MW 338): 83.1%
Free Fatty Matter: 5,7%
Moisture: 0.4%

Total: 89.2%

None of the vendors has a specification for unreacted so-
dium isethionate because an analysis for this ingredient is
difficult to perform. However, an analysis by R. Otterson,
manager of Jordan’s analytical department, based on HPLC,
shows the above preparation to have 3.9% unreacted sodium
isethionate and 1.4% of an unknown ionic species (most
likely derived from sodium isethionate). Including these val-
ues, the analysis accounts for 94.5%. This now leaves 5.5%
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unexplained. Possible candidates could be the low or high
end isethionate esters because they contribute approximately
this level of material. Preparation in the laboratory of a
homolog from pure myristic acid afforded the following anal-
ysis:

Activity (MW 358): 88.2%
Free Fatty Matter: 8.9%

Moisture: 0.2%
Sodium Isethionate: 2.1%
Unknown lonic: 0.9%
Total: 100.3%

The analysis for actives is based on the classical Epton
(Methylene Blue) two-phase titration. The possibility that the
lowest molecular weight homolog prepared from the Ca-
prylic acid fraction doesn't titrate proved to be false. The lit-
erature reports that C, based anionics do not titrate whereas
C; do. Therefore, it is likely that the problem is the response
of the C,,-Cy4 fraction or interferences caused by the un-
reacted fatty acids. Simply comparing SCI on the basis of
actives alone is incorrect. SCI must be evaluated on the total
analysis if a true picture of quality is to be correctly assessed.

The free fatty matter specification takes into account the
titratable fatty acids and extractable ester. It is an extraction
procedure and is reported as a percentage. Both the level of
material and the breakdown between the fatty acids and es-
ters are important. Obviously, too much coconut fatty acid is
a negative for two reasons: Free fatty acids, especially the
low ends, are known to cause irritation; and fatty esters are
associated with defoaming and poor soap bar mix character-
istics. Therefore, high levels of free fatty matter are consid-
ered to be a negative,

An analysis of the fatty acids associated with SCI, both free
and esterified, shows some differences from one manufzac-
turer to another and is somewhat altered from the original
hydrogenated fatty acids, especially with regard to those
products formed by the direct reaction. It would seem rea-
sonable that the acid chloride route would not distill over the
light ends as would be expected during the high temperature
direct reaction. Table 3 shows the comparison of grades A, B
and C for fatty acid distribution.

When comparing the different grades of SCI, it would be
apparent that Product B was prepared by the acid chloride
route while Products A and C were made by the direct reac-
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tion as evidenced by the level of C; fatty acid and the salt
content. Product B, with significantly higher C; ester, is ex-
pected to show higher actives than Products A or C because
the molecular weight of the G ester is significantly lower
than the 338 average molecular weight used to calculate ac-
tivity. Therefore, 2 one percent increase in the C; ester would
increase the actives by (338/274 [MW of C; ester]) 1.23%.
Product B can claim higher actives, but this simply relates to
the higher C; ester level. Does C; ester do anything for the
syndet or combo bar formulation? Once again, this analysis
shows that the uninformed comparison of actives alone is
not indicative of performance. Table 4 confirms this opinion
based on a comparison of Ross-Miles foam heights.

Vendor D’s specifications are so far removed from the oth-
ers that it is difficult to compare. The use of SCI from Vendor
D would require significant adjustments in the soap bar for-
mulations such as those proposed by Lever Brothers’ pat-
ents. Therefore, it might not be considered at all by the for-
mulator.

Necessity of Free Sodium Isethionate

The actual amount of unreacted sodium isethionate is very
important to the processing of combination and syndet bar
formulations. Its level affects the rheology of the syndet/
combo bar mix and plodding characteristics. Haass and Lam-

berti (U.S. Patent No. 3,376,229; Lever Bros., 1968) clearly

spell out the necessity for free sodium isethionate: ““In accor-
dance with the present invention, it has been found that the
presence of free isethionate will noticeably improve the hard-
ness and processing characteristics of detergent bars . . . As
little as about 2.5% of free isethionates in the detergent bar
(based on the finished weight thereof) will provide a sub-
stantial improvement in the plodding characteristics . . .
Most commercial preparations of the isethionate esters will
contain some small amount of free isethionates, and this
should be taken into consideration as contributing to im-
proved plodding characteristics.”
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Our analysis indicates that Product A contains an average
3-4%; Product B—2.5%; and Product C—1-1.5%. Product A
happens to have a more appropriate level of free sodium
isethionate and may not require the addition of more into the
formulation. If the free sodium isethionate level is too low
the formulator is faced with the necessity of adding more,
either as a powder or working off the water that comes with
the 57% solution. This may not be a problem; however, it
shows how an overall analysis of SCI can impinge on perfor-
mance even though not addressed in current specifications.

Sodium chloride levels also vary between brands of SCI.
Those made by the direct process have essentially none,
while those made from the acid chloride route have signifi-
cant quantities. References U.S. Patent Nos. 2,923,724 and
3,004,049 (Anderson, Schenck; GAF) both report the adverse
effect of salt. For example, Schenck states, “’In addition, a
considerable quantity of salt is concurrently produced (by
the acid chloride route—author’s note) which is highly unde-
sirable in many uses, particularly when the resulting
isethionic acid ester is employed in detergent and built soap
formulations. Further, the salt in such formulations imparts
thereto an unduly high hygroscopicity, and its removal is
expensive.” Whether or not the syndet/combo bar formula-
tor will have a problem with higher levels of salt is specula-
tive; it is nonetheless a real concern. Having a product with-
out very much salt would be an advantage in that it could
always be added if needed.

The pH specification also exhibits variations according to
the method of manufacture. Those products prepared by the
acid chloride route have higher pH ranges than those pre-
pared by the direct route. The direct route producers do not
ordinarily adjust pH but accept it as is. For example, Vendor
C’s product, because of significantly higher free fatty acid,
exhibits a lower pH specification. The soap bar formulator, in
order to take advantage of SCI's stability at low pH's, is
faced with having to adjust the pH of his formulations down
when higher pH products are used. Products made by the
direct process, however, require little or no adjustment.

In addition, Geitz reports that the ideal pH for the Lever
type product is 6.8 to 7.2. ““In the presence of the unneutra-
lized coconut oil fatty acids in a sufficient amount, and at a
pH of 6 to 6.5, the water penetration of the nonsoap bar of
the invention is superior to soap with respect to overnight
sloppiness due to water penetration. Increasing the pH
tends to lessen the resistance of the bar to water penetration,
but at pH's up to 7.2, resistance to water penetration still is
satisfactory.’” :

Turning to other specifications in Table 2, we may com-

(Continued on page 88)
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tion as’evidenced by the level of C; fatty acid and the salt
content. Product B, with significantly higher C; ester, is ex-
pected to show higher actives than Products A or C because
the molecular weight of the C; ester is significantly lower
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Sodium Cocoyl Isethionate
(Continued from page 60)

«

ment that color, like foreign impurities, must be kept to a
minimum. Water can contribute plasticity to the soap bar for-
mulations and should also be kept to a minimum. (The acid
chloride route, because of the necessity to neutralize hy-

Silica Derivatives
(Continued from page 72)

terials. Here again the phenomenon of polymerization is en- -

countered. The structure can be pictured:

o o]

O——gi—O——Si———O—gi—O—Si—O
([_I) 1

The exact molecular weight or degree of polymerization
depends on the conditions of manufacture. In addition, the
terminal —O group(s) can have a hydrogen atom attached.
This radical can react with chlorosilanes, mentioned above,
to produce anti-foams or by hydrogen bonding with reactive
or semi-reactive radicals. This latter phenomenon is used to
thicken both agueous and non-aqueous liquids.
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polishing Alsop Sealed Disc
Filters offer unmatched
versatility. Twin units can
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GINEERING COMPANY

Telex: 145-338

For more data, Circle 56 on Service Card

drochloric acid, appears to require higher water specifica-
tion.) Iron, arsenic and lead are contaminents brought in by
the raw materials or materials of construction used in the
process. The acid chloride route requires more corrosion re-
sistant materials of construction such as lead lined equip-
ment. Sodium sulfate is a contaminent in the sodium isethio-
nate used to make the SCI, while sodium carbonate is a
residual base used to neutralize the trace of remaining hy-
drochloric acid generated during the process. L

The fumed silicas are treated to make them either hydro-
phobic or hydrophyllic. The manufacturer, therefore, has a
choice of particle size, bulk density, reactivity and water re-
pelling properties.

Allied with, but not identical to these fine silicas, are finely
divided metallic silicates, aluminium, calcium and magne-
sium, which have many of the properties of the silicas except
the reactivity, which can sometimes be a disadvantage.

It can thus be seen that the uses for silicon compounds are
extremely varied. The alchemists of yore spent their lives,
with no success, in attempting to convert base metals into
gold. Modern technology has succeeded in converting base
minerals into extremely useful products! | |
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