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Cocamidopropyl Betaine

Methods for producing CAPB and new analytical methods
for determining purity and side-product composition
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here are many detergent and foaming

surfactants available for toiletries on the
market. However, only a handful of prod-
ucts need to be considered to focus on the
raw materials that have a strong market. Of
these, the most important are the anionic
surfactants, such as lauryl sulfates and lauryl
ether sulfates.

A range of secondary surfactants has been
developed for use with these efficient and
cost-effective primary surfactants. In gen-
eral, formulators use secondary surfactants
to improve the properties of the primary
surfactants and to optimize product perfor-
mance. The most important secondary sur-
factant is cocamidopropyl betaine (CAPB),
also called coco fatty acid amidopropyl be-
taine.'®!” Since its introduction into the mar-
ket in the 1960s, CAPB has become essential
in surface-active formulas.

Benefits: Combining primary surfactants
with CAPB reduces skin and mucus mem-
braneirritation,*'*!*# improves the condition-
ing properties of hair shampoos'*'* and pro-
duces a pleasant, smooth skin feel. Formulas
that include CAPB thicken easier, develop
better foam and give a better cleaning perfor-

First presented in April 1996 at the Forum
Cosmeticum in Salzburg, Austria. Published in
German in Parfiimerie und Kosmetik, 77 244 (1996)

mance than formulas without CAPB.*

The use of CAPB in efficacious, mild
dishwashing liquids and oral hygiene prod-
ucts are the latest examples of CAPB’s versa-
tility. Its excellent toxicological profile, which
has been documented by many investigations
and reports in the past few years, is one reason
for its success in dentifrice products.”

Despite the widespread use of CAPB, no
comprehensive documentation of its syn-
thesis, analysis and minor components ex-
ists. By reviewing the synthetic process, we
can also document its composition and by-
products. We will also assess new analytical
methods, such as the direct quantitative de-
termination of CAPB.

Production Methods

Amide formation: The methods for pro-
ducing fatty acid amidopropyl betaines basi-
cally follow a scheme that has shown validity
for some time. Forming the fatty acid amide
is the first step (Figure 1-1); carboxymeth-
ylating the amide is the second (Figure 1-2).

For CAPB, the first step reacts 3-
aminopropyl-dimethylamine (DMAPA) with
either fatty acids, fatty acid methyl esters or
directly with natural fats (fatty acid glycerin
esters). The predominant source oils used
— hydrogenated coconut oil and, occasion-
ally, hydrogenated palm kernel oil — deter
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Figure 1-1. Betaine production, amidation
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Figure 1-2. Betaine production, carboxymethylation

Table 1-1. Fatty acid composition
of CAPB
Fatty acid Weight %
(chain length) (approx values)
8 7
10 6
12 49
14 19
16 9
18 10

% solid matter

liquid phase and gel
phase of aqueous
solutions of amido-
alkylbetaines based
on hydrogenated
fatty acids at T =
25°C

Figure 1-3. Flowability of aqueous betaine solutions
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mine the fatty acid composition of the betaine, which corre-
sponds to that of the oil. Table 1-1 outlines the typical fatty
acid composition of CAPB.

Touse DMAPA most efficiently and avoid large amounts
of liquid waste, you should recycle the amine, which is partly
distilled from the reaction medium together with the metha-
nol or water formed, during the transformation of fatty acid
methyl esters or fatty acids.

Amide purification: When CAPB synthesis starts from
fat, glycerin forms as a by-product. As glycerin has no
negative effect on most applications and may even be de-
sired, a glycerin content of 2 to 3% is normal in betaine
solutions. If desired, some glycerin can be removed from the
amidoamine by phase separation, for a glycerin content
around 1%.

The DMAPA used in the amidation reaction, present in
excess, can be distilled out of the amidoamine to around
0.05% remaining. All amidoamines, whether derived from
fatty acid esters or fatty acids, contain small amounts of non-
amidated fatty acid that are carried over into the betaine.

Specialty betaines: Fatty acids and fatty acid methyl
esters with fatty acid compositions that correspond with
natural oils can be used to produce betaines. Betaines with
special fatty acid compositions can also be made, including
lauric acid amidopropyl betaine, caprylic/capric acid
amidopropyl betaine and betaines from topped fatty acids
that contain no or only very few short-chain components.

Carboxymethylation: The amidoamine is carboxy-
methylated in aqueous medium with chloroacetic acid or its
sodium salt. The reaction leads directly to the betaine,
normally obtained as a 30% aqueous solution. Sodium chlo-
ride, formed as a by-product, is present in most betaine
solutions at approximately 5%. Apart from the reaction with
the tertiary nitrogen atom, the chloroacetic acid can also be
hydrolyzed in a side reaction that forms glycolic acid. The
glycolic acid content can reach levels of more than 1% in the
betaine solution; however, the level is typically considerably
lower (about 0.1%).

During the past few years, research on the production of
betaines has primarily concentrated on improving the
carboxymethylation process. These efforts have focused on
manufacturing purer products and minimizing by-products.
Other efforts have focused on increasing concentration
levels or reducing the water content in betaine solutions;
these efforts all primarily involve fine-tuning the carboxy-
methylation step.

Minimizing contaminants: As the tertiary amines are
consumed during carboxymethylation, the pH value falls
considerably. This slows the reaction rate proportionally
because free amines are also removed from the reaction
medium by protonation as well as carboxymethylation. By
maintaining an alkaline pH throughout the reaction,
carboxymethylation can be carried out faster and more
completely, with less amidoamine in the final product.® This
technique can give amidoamine contents of less than 0.3%
in the betaine. Some types of CAPB have higher amidoamine
contents, up to 3%, for special applications.

Chloroacetic acid and the dichloroacetic acid present in
chloroacetic acid in small amounts are both unwanted by-
products in betaines (as well as other zwitterionic or ampho-
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teric surfactants, like amphoglycinates) because of their
toxicity. Chloroacetic acid is almost completely depleted
during the carboxymethylation reaction, but dichloroacetic
acid is almost inert under the typical reaction conditions. By
submitting betaines to additional post-treatment steps, the
residual chloroacetic acids can be reduced. This can be
achieved either by reacting at alkaline pH or by additional
treatment with ammonia or amino acids that reduce the
amount of monochloroacetic acid.*

Using sulfonating reagents is another possible way to
minimize the chloroacetic acids.*® Finally, both mono- and
dichloroacetic acid can be hydrolytically decomposed sim-
ply by exposure to high temperatures (>120°C).*” Levels of
less than 5 ppm chloroacetic acid and less than 10 ppm
dichloroacetic acid can be achieved. There are, however,
very few products on the market that fulfill CAPB purity
requirements of amidoamine content <0.3%, monochloro-
acetic acid <5 ppm and dichloroacetic acid <10 ppm.

Sodium chloride: Based on weight, the most important
components of the marketed aqueous CAPB solutions are
the betaine itself and sodium chloride. In general, sodium
chloride is left in the solution as it does not interfere with
most applications. In fact, sodium chloride is desirable to
build viscosity in ready-to-use preparations, such as sham-
poos. For special applications, there are also betaine prod-
ucts with reduced salt contents. These can be produced by
using solvents or membrane separation processes.

Flowable CAPB concentrates: Most marketed CAPB
solutions contain approximately 30% active matter. This is
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primarily because aqueous betaine solutions form viscous,
gel-like phases at slightly higher concentrations. In contrast
to the situation for surfactants like lauryl ether sulfates, fluid
mesophases consisting of CAPB, NaCl and water do not exist
at higher concentrations. The critical concentrations above
which non-flowable gel-phases are formed partly depend
upon the length of the fatty-acid alkyl chains. Figure 1-3
shows this for solutions composed of stoichiometric amounts
of fatty acid amidopropyl betaine and sodium chloride.

Numerous attempts have been made to obtain flowable
betaine solutions with increased active matter; in some
cases, by adding other surfactants.*%23! Other ways to
achieve highly concentrated betaines include adding sol-
vents or using additional salts not normally contained in
betaine solutions, such as sodium citrate, trimethylglycine
(natural betaine: methanaminium, 1-carboxy-N,N,N-
trimethyl-, innersalt)® or nitrilotriacetate.

A relatively simple way to obtain more highly concen-
trated betaine solutions is to adjust the free fatty acid
content. By adding small amounts of fatty acid to the betaine
with the amidoamine solution, you can produce betaine
contents of 34-36% and detergent-active substances, in-
cluding fatty acids, of 36-38%.%

The increase in concentrations has an important positive
side effect: such betaine solutions are microbiologically
stable and don’t require preservatives.®

By spray-drying aqueous betaine solutions, it is pos-
sible to obtain highly concentrated betaine products,
typically consisting of 80-85% fatty acid amidopropyl
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Figure 1-4. Titration of CAPB in methanol/ethylene
glycol menomethyl ether with perchloric acid in
dioxane

betaine, 13-15% sodium chloride and 0.3 to 3.0% water.

The details of betaine production demonstrate that mar-
keted solutions will contain by-products. Determining the
types and amounts of such incidental components helps us
characterize the betaine’s quality.

Analytical Methods

Water determination: Karl-Fischer titration, as de-
scribed in several standard methods,? is still the preferred
method to quickly determine the exact water content. Using
modern titrators and reagents, water determination can be
carried out in a few minutes. Other methods, such as oven
drying at 105°C or water determination by extraction,® are
generally more time-consuming and show a greater stan-
dard deviation than Karl-Fischer titration.

In some cases a quick method to determine the water
content can be carried out with (sugar-) refractometers, but
these instruments must be calibrated on products with a
known water content, determined by Karl-Fischer titration.

Fatty acid amidopropyl betaine content: Until re-
cently, the only reliable method to determine the content of
fatty acid amidopropyl betaine (betaine content) in solutions
was using subtraction methods. Many attempts have been
made'® to use direct titration methods, but, according to our
investigations, these methods lead to inaccurate results.
Many times the results are invalidated by other protonable
substances, such as free amidoamine, glycolic acid, citric
acid or trimethylglycine, during the titration with acids, such
as perchloric acid in acetic acid."” Platinga et al describe a
potentiometric titration with potassium hydroxide in methyl
isobutyl ketone. This method is relatively slow; moreover,
further interferences with water lead to a lack of accuracy.
Methods that include an extraction step can yield low values
due to the short-chain fatty acid amidopropyl betaines being
only partially measured.

Recently a modified titration method has been proposed
thatallows a differentiating titration of fatty acid amidopropyl
betaines by choosing the proper solvent. The basic ap-
proach and results, explained in detail in reference 13, are
reviewed here.

A mixture of methanol and ethylene glycol monomethyl
ether serves as the solvent for the CAPB. The CAPB is
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Figure 1-5. Determination of amidoamine by HPLC
(peak at 7.73 min)
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Peak at 10.52 min: dichloroacetic acid
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Figure 1-6. Determination of monochloroacetic acid,
dichloroacetic acid and glycolic acid by HPLC

adjusted to its pure zwitterionic form with a sodium hydrox-
ide/sodium acetate buffer. The titration uses a perchloric
acid solution in 1,4-dioxane. The titration step transforms
the betaine into its cationic form. The choice of the special
methanol/ethylene glycol menomethyl ether solvent mix-
ture allows an almost selective titration. The titration curves
obtained can be evaluated by modern titrators without
problems (Figure 1-4)."® According to our experience, there
is a relative standard deviation of approximately 0.6% using
this method.

Gerhards et al have discussed alternative methods, in-
cluding titration with ion-sensitive electrodes, in their pub-
lications. 1

Sodium chloride determination: Determining the chlo-
ride concentration using potentiometic titration in dilute nitric
acid with silver nitrate is one of the most reliable analytical
methods applied to fatty acid amidopropyl betaine solutions.”
The precipitation titration can be carried out reliably with a
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relative standard deviation 0f 0.4%. From the chloride concen-
tration, the sodium chloride content is calculated.

Glycerin: As previously mentioned, glycerin is formed as
a by-product during amidoamine production starting from
triglycerides. The most convenient way to determine the
glycerin in CAPB solutions is iodometric titration.®* Com-
pounds with vicinal OH-groups are cleaved by periodate,
then the periodate is reduced to iodate:

CH,OH-CHCH-CH,OH
+2 NalO, -

2 HCHO + HCOOH
+2NalO,+H,0

The iodate forms free iodine with the addition of iodide.
The free iodine is titrated with sodium thiosulfate using
starch as indicator.

Free fatty acid: The problem of determining free fatty
acid concentration in CAPB solutions has still not been
completely solved. As previously described, the gas chroma-
tography (GC) method'® extracts free fatty acids from the
dried betaine using diethyl ether. After elution through a
silicagel cartridge, the eluate is neutralized with tetramethyl-
ammonium hydroxide in the presence of phenolphthalein;
this is then directly injected into a gas chromatograph. The
formation of fatty acid methyl esters takes place in the
injector of the gas chromatograph. Pentadecanoic acid was
used as the internal standard. Apart from problems with the
time-consuming preparation of samples, this procedure has
also inexplicable problems with the reproducibility.

At this time, investigations are underway to determine
the free fatty acids using a new, high-pressure liquid chro-
matography (HPLC) procedure. This method derivatizes
the fatty acids with 2-bromoacetophenone and identifies
them by reversed-phase (RP) HPLC analysis.

The total free fatty acids can also be determined with
nuclear magnetic resonance spectroscopy.

Fatty acid amidoamine: A variety of methods have also
been discussed to determine residual amounts of free fatty
acid amidoamines.'®!" Titration and chromatographic meth-
ods have been investigated most extensively; Kiseborn ex-
plains in detail why existing titration methods cannot be
satisfactorily applied to alkylamidopropyl betaines.®

Thin layer chromatography has shown to be a successful
semi-quantitative method to determine free amidoamine. The
silica gel plate can be developed in a solvent mixture of chloro-
form, methanol and ammonia (30/50/2), and the amidoamine is
detected by means of a bromophenol blue solution.

Amidoamine can be quantitatively determined by HPLC
without any problems using a special ion exchange column.*
A 0.02 M phosphate buffer solution serves as eluent. Under
these conditions, the amidoamine can be detected as asingle
peak, not separated according to the fatty acid composition.
Figure 5 shows an example of such a determination. This
method is currently being discussed by committees of the
DGKPand GAT ¢

By-product acids: Because of the toxicological effects of

*ProTens: Dr. Herbst Haudelschemiker, Ubstadt Weiher, Germany
"Deutsche Gesellschaft fiir wissenschafthiche und auuj
augewandte Kosmetik (Fachgruppe Aualgtile)
*Gemeinschaftsausschup Teugide der Detschen Gesellschaft fiir
Feltwisseuschaft und DIN
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chloroacetic acids, researchers needed to develop new ana-
lytical methods with lower detection limits than the methods
previously used, mainly ion chromatography with suppres-
sor techniques or capillary zone electrophoresis.

For the GC methods, according to Cetinkaya® and Arens
and Spilker,'! the organic acids are converted to methyl esters
and are detected using an electron capture detector.

HPLC detection can be carried out directly with little
sample preparation other than dilution on an anion ex-
change column.? The elution is achieved with 0.01 M sulfu-
ric acid: the detection is carried out with a UV detector at 205
nm. The detection limits are approximately 5 ppm for
monochloroacetic acid and 10 ppm for dichloroacetic acid.
With this method, glycolic acid can be measured at the same
time. Figure 6 shows a corresponding chromatogram.

The GC methods have proved more reliable in inter-
laboratory tests, but the HPLC method turns out to be
considerably less time-consuming and more universal, since
it detects all three organic acids (glycolic and mono- and
dichloroacetic) simultaneously.

DMAPA: Residual DMAPA is normally determined in the
amidoamine before betaine production. With arecently devel-
oped method, however, it is also possible to detect free
DMAPA in the final betaine.? In both the amidoamine and the
betaine, DMAPA is analyzed by RP-HPLC, with UV-detec-
tion after derivatizing with phenyl isothiocyanate. This sensi-
tive method is especially suitable for the detection of very low

JAminex HPX-87 H, Bio-Zad Laboratories, Munich, Germany
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concentrations of DMAPA. In betaines, DMAPA occurs only
in the lower ppm-level, typically from less than 5 to 20 ppm.

Fatty acid composition: With the help of the analytical
methods discussed above, it is possible to characterize the
quality of the process by which the fatty acid amidopropyl
betaine was produced. The fatty acid composition is, how-
ever, a characteristic of the fatty raw materials used. There-
fore, the fatty acid composition of the raw material used, not
the CAPB, is normally analyzed.

It is also possible to characterize the product by deter-
mining the fatty acid composition of the betaine. The free
fatty acids can be obtained after cleaving the amide bond by
heating in concentrated hydrochloric acid. After their con-
version into methyl esters by known methods (with metha-
nol/sulfuric acid, for instance), the fatty acids can be ana-
lyzed by gas chromatography.

These sample preparations can be avoided in two other
HPLC methods.”' Using these methods, alkyl distribu-
tions can be obtained directly after separation on a reversed
phase column (RP 18/7 um) with methanol/water (detection
by UV at 215 nm) or using ion exchange chromatography. In
the latter, the order of elution is reversed compared to the
RP chromatography, with the longest-chain betaine eluted
first followed by shorter-chain derivatives.

Conclusion

The described analytical methods for the determina-
tion of the main components (water and betaine), the by-
products (sodium chloride, glycerin and fatty acid) and trace
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components (such as fatty acid amidoamine, glycolic acid,
mono- and dichloroacetic acid) are reliable and can be
routinely applied. Thus the production of CAPB and related
marketed forms of betaine can be carried out in a controlled
manner to ensure consistent high quality. If required, these
analytical methods can be supplemented by modern HPLC
methods to determine fatty acid composition or by 'H- and
“C-NMR spectroscopy. The NMR methods repeatedly
prove helpful to recognize unexpected additional compo-
nents; however, trace components cannot be detected by
NMR spectroscopy.

The further development of analytical methods is an
essential requirement for the continued improvement of
CAPB production methods and its quality as a marketed
ingredient so the cosmetic and detergent industries can be
offered CAPB products that satisfy the highest demands of
quality and technical properties.
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