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Analytical Test Methods for the Inorganic

Portion of the Detergent Products

J. C. HARRIS, Monsanto Chemica! Company, Dayton, Ohio

the development of methods of analysis for

synthetic detergents has received considerable
research effort. Much of the effort however has been
pointed toward the identification and determination
of various organic actives, and comparatively less
toward the analysis of the inorganic (and organic)
builder or filler components in such compositions. It
is true that a multitude of methods have been devel-
oped for the individual chemicals involved, but less

a FORTHCOMING PUBLICATION (18) will indicate that

effort has been expended toward their separation and
determination as combinations. This paper will be
devoted to the builder portion of the problem, to in-
dicate the course of such analyses, and to suggest the
application of newer techniques where they seem
applicable.

Most, if not all, detergent analyses are made on
commercial compositions for the purpose of either
manufacturing control or for composition identifica-
tlon. Sinee commercial preparations are subjeect to
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considerable variation as a result of batch operation,
or variation In control of feeding rates if a continu-
ous operation is involved, individual samples are
indicative of the extent of process control. A specifi-
cation sheet very probably shows individual compo-
nents as controlled to within from a tenth to several
thousandths of a percentage; this is an ideal or goal
and seldom resembles the formula as it is broken
down by analysis.

There are good reasons why a product varies from
the formula. Among these are error or ignorance;
control instrument variability or sensitivity; mixing

variability ; chemical reaction during mixing or dry-'

ing; ineffectiveness of sampling; and sample uniform-
ity once it has been taken. Probably all these plus
others are operative by the time the analyst receives
the sample for assay. The analyst will choose meth-
ods which are of sufficient reproducibility and accu-
racy for his requirements, but it should be evident
that his results may give formula data considerably
at variance with the formula used in manufacture.

Methods should be chosen which minimize the cost
for analysis, provide control of raw materials, and
indicate as nearly as reasonable how closely the for-
mula conforms to the standard formula sheet. Tt may
be argued that extreme precision is necessary, but,
from the usage of the data reconstituted from the
analysis, the chances are good that much analytical
effort will have been needlessly expended. Another
facet of the problem of accuracy with unknowns is
filling in the missing portion of the analysis in the
possible event that some constituent, present in small
but funectionally effective amounts, may have been
overlooked. The type of analysis can probably be
chosen whieh will most economically provide the re-
quired information.

Preliminary Examination

Several techniques are available for a necessary
preliminary examination of a sample. They vary
considerably from simple qualitative tests to semi-
quantitative, rather broad examinations.

Moisture and Volatile Matter. Moisture and vola-
tile matter, by any one of several methods, should
be one of the first assays made.

Alcohol Soluble-Insoluble. Combined with moisture
or volatile content, the determination of aleohol-solu-
ble to provide a rough assay of active content, and
aleohol-insoluble will provide information which fre-
quently proves adequate.

Water-Insoluble. This determination, either on the
aleohol-insoluble portion, or preferably upon the sam-
ple, will indicate whether the water-insoluble con-
stituent is a result of manufacture or designed addi-
tion and some information as to character of the
composition.

Emission Spectrographic Examination. In many
laboratories this is the first examination made as it
can provide semiquantitative data for the guidance
of subsequent chemical examination.

Ion Identification. These tests are commonly made
and either replace or supplement spectrographic
analysis.

X-Ray Diffraction. If the product is crystalline,
x-ray diffraction data frequently will serve either
for initial examination or may be adequate without
further chemical analysis.
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Integrated Analytical Schemes

An advantage of integrated methods is that an
essentially complete analysis may be achieved in
which sample preparation operations and interfer-
ences are minimized. Essentially identical methods
are represented by American Oil Chemists’ Society
Official Methods Db 1-48 through Db 1148 (3),
American Society for Testing Materials Standard
Method D 820-46 (9), and Canadian Government
Methods (13). These methods provide analytical
directions for moisture and other volatile matter;
free alkali or free acid; anhydrous, salt-free soda
soap; alcohol-soluble matter; matter insoluble in
water; total alkalinity of matter insoluble in alco-
hol (alkaline salts); sodium silicate; fatty matter;
chloride in alcohol-soluble matter; rosin (MeNieoll
method) ; synthetic detergent (by difference); and
neutral inorganic salts. These methods may also be
used individually where only single analyses are
required.

A method designed for a different class of compo-
sition is A.S.T.M.’s method D 800-45, Chemical An-
alysis of Industrial Metal Cleaning Compositions (8).
The methods can also be used separately in most
cases: preparation of sample; total alkalinity; total
fatty acids and rosin; Na,0 combined with fatty
acids and rosin; anhydrous soap; rosin, qualitative
and quantitative (MeNicoll) ; total SiO,; phosphates,
qualitative and quantitative; combined sodium and
potassium oxides; chlorides; sulfate; water, distilla-
tion method; carbon dioxide by evolution-adsorption
method ; loss at 105°C. ; total matter insoluble in alco-
hol; free alkali; synthetic detergent or wetting agent;
volatile hydrocarbons; loss on ignition.

Of lesser interest today are methods for the chemi-
cal analysis of sulfonated and sulfated oils. A.S.T.M.
method D 500-55 (5) covers these determinations:
water by distillation; moisture and volatile matter;
organically combined sulfuric anhydride; total desul-
fated fatty matter; total active ingredients; unsa-
ponifiable non-volatile matter; inorganic salts; total
alkalinity ; total ammonia; acidity as free fatty acids
or acid number; water-immiscible organic solvents
volatile with steam.

The inorganic builders considered as individual
components are rather well covered by A.S.T.M.
Method D 501-55 (6) relating to sampling and
chemical analysis of alkaline detergents. These meth-
ods include caustic soda; soda ash; modified soda
(sesquicarbonate type); sodium bicarbonate; sodium
meta-, sesqui-, and ortho-silicates; trisodium phos-
phate; tetrasodium pyrophosphate; borax. Addition-
ally the sampling and analysis of sodium triphos-
phate is covered by A.S.T.M. Method D 501-55T (7).
The individual analyses under this scheme are: sam-
pling; titratable Na,O; total P,0, (two methods);
pH of 1% solution; turbidity; temperature rise; sul-
fate; ignition loss; matter insoluble in water; parti-
cle size; orthophosphate. The analysis for orthophos-
phate has been submitted as a tentative method; it is
based on the spectrophotometric measurement of the
reduced blue ecomplex formed when the orthophos-
phate has been converted to phosphomolybdic acid.
Of importance to the analysis of triphosphate are the
efforts of two D-12 task groups which are separately
investigating the assay by the tris(ethylenediamine)
cobalt (ITI) chloride method (31), and a very prom-
ising paper chromatographic technique (20). ‘
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A colorimetric method is available also for the
estimation of orthophosphate in the presence of crys-
talline, granular, or powdered triphosphate (16).
The color depends upon the formation of phospho-
molybdate in the presence of an aminonaphthol-
sulfonic acid reagent. The method can be performed
either visually or photometrically, using a standard
curve or Nessler standards.

Another scheme applicable to soap-synthetic deter-
gent mixtures is that of Berkowitz and Bernstein
(10). This procedure provides methods for sequen-
tial analysis of anhydrous, salt-free soda soap; alco-
hol-insoluble matter; alcohol-soluble matter; fatty
matter; chlorides in alecohol-soluble matter; synthetic
detergent by difference.

Federal Specification P-5-536b entitled Soap and
Soap-Produets (Including Synthetic Detergents) ;
Methods of Sampling and Testing (17), includes
essentially the same methods and schemes of analysis
specified in the A.0.C.8S. or A.8.T.M. methods.

In surveying these schemes for integrated analysis,
it appears that those in present use should be criti-
cally examined with the objective of increasing ac-
curacy and/or improving rapidity of analysis. All
are relatively time-consuming.

Analysis of Individual Components

The methods to be diseussed either are well-estab-
lished through custom, recognition of adaptability, or
acceuracy. This does not mean that improved methods
from the recent literature should not be investigated
as possible substitutes for customary analyses. Fur-
thermore, as advances in a field of manufacture oceur,
they impose a need for new methods or techniques.
New produets in a field provide their own problems
in the way of analysis.

Phosphates. The present-day formulation will al-
most invariably contain a considerable proportion of
a pyro- or polyphosphate builder. Dry compositions
will contain the less expensive sodium salts, while the
built liquids will utilize considerable amounts of po-
tassium compounds. Polyphosphates, when subjected
to high temperatures in the wet state or to alkalies,
undergo at least partial reversion to the ortho state.
Further, polyphosphates as produced frequently con-
tain small amounts of other forms of phosphate which
could complicate the analysis. From the analyst’s
viewpoint analysis for other than total P,0, presents
as yet a sticky problem.

The individual methods given under the integrated
schemes of analysis are in most instances suitable for
the determination of single components of composi-
tions. However other methods may be either simpler
or more quickly earried out where certain compo-
nents may be ignored (provided they do not actually
interfere).

A task group of the Joint A.0.C.S.-A.8.T.M. D-12
Subcommittee on Analysis of Soaps and Synthetic
Detergents has presented for adoption a shortened
differential titrimetric-potentiometric method for de-
termination of total P,0,. This has the advantage
of being applicable either to the integrated scheme
or for determination without removal of the other
constituents.

Another task group is concerned with the analysis
of sodium triphosphate by the tris(ethylenediamine)
cobalt (IIT) ion method (31).

Still another task group is working with a paper
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chromatographic technique which quantitatively an-
alyzes for the phosphate components in polyphos-
phates or for phosphates in detergent compositions
(20). This method was presented early this summer.
‘While superficially it may seem involved, it can easily
be learned by a laboratory technician without exten-
sive analytical training.

Another procedure said to analyze mixtures of
water-soluble phosphates rapidly and simply is based
upon. selective alkaline hydrolysis of triphosphate
combined with a modified colorimetric procedure for
determining orthophosphate (24). Other investiga-
tors (14) indicate that quantitative infrared analysis,
utilizing the potassium bromide pressed dise tech-
nique, compares favorably with x-ray and chemical
methods as to speed and accuracy. Dependent upon
whether inecreased accuracy or lessened time for an-
alysis can be achieved, either one or the other of
these methods may supersede current ones. Too
much cannot be said for the chromatographic method
for the analysis of polyphosphate compositions as deg-
radation products are determined simultaneously with
the original phosphates added. It is predicted that
this method will be adapted almost exclusively for
analysis of phosphates in detergent compositions.

Silicates. Present in most built compositions by
virtue of their funectional and ecorrosion-inhibiting
properties, the silicates provide another interesting
problem. Silicates can be lowered in Na,0:8i0, ratio
during processing, and amounts of insoluble SiO, can
result from acidification in manufacture (as in car-
bonation). Dehydration of a produect can also pro-
duce water-insoluble 8i0,. The analyst’s problem is
to reconstitute the Na,0:Si0, ratio from available
analytical data.

The traditional method for silica estimation is
separation and treatment with HEF as a gravimetric
procedure. While accurate, this method is both time-
consuming and tedious.

A rapid colorimetric method for silica has been
suggested (22), based on the color produced after
development by silicomolybdic acid. Interference of
phosphate can be eliminated by citric acid treatment.
The method becomes semiquantitative by using visual
comparison standards.

A rapid volumetric method (21) has recently been
developed, based upon the conversion of soluble silica
to Na,Si¥, by a differential titration method. Modifi-
cations of the method are indicated where carbonates,
phosphates, and surface-active agents are present.

Sodium Carbonate and Bicarbonate. These are fre-
quently present; the bicarbonate sometimes results
from carbonation of available free alkali.

A recent improvement in the apparatus for the
gravimetric determination has been published by
Blank and Kelley (12). This method differentiates
between bicarbonate and sodium carbonate.

Modifications of technique for the evolution method
(28) make it possible to reduce foaming and bump-
ing difficulties in the presence of non-hydrolyzable
surface-active agents.

Sodium Sulfate. This builder may be present
either by design or as a concomitant of manufacture.
The more usual method of assay is the gravimetric
barium sulfate procedure, but volumetric techniques
seem to offer much in the way of increased speed and
simplicity.

One titration method (26) is based upon dipotas-
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sium rhodizonate or tetrahydroquinone indicators by
continuous observation during tifration, using a fil-
ter photometer. House and Darragh (19) modified
the dipotassium rhodizonate titration method for ap-
plication to sulfonate products, either by removal
of sulfonate (by acidification and ether extraction)
or by addition of known amounts of sulfate to con-
trol the sulfonate-sulfate ratio to less than 80/20
where slightly less accurate but more rapid deter-
minations are required. Another volumetric method
(23) gives a colorimetric end-point based upon
Eriochromeschwartz T indicator in the presence of
standard disodium-dihydrogenethylenediamine tetra-
acetate solution.

Sodium Chloride. This assay is not a difficult one,
but sodium chloride is partially soluble in alcohol
and must be accounted for in both the active ingre-
dient extract and the aleohol-soluble portion. The
potassium bichromate-silver nitrate method is nor-
mally specified for chloride determination. A po-
tentiometric method, utilizing a silver electrode and
titration with silver nitrate, is said to give excellent
results. A means for removing chlorides from the
alcohol-soluble matter in detergents (27) involves
adsorbing the chloride on an anion-exchange resin,
such as Dowex-2; it is eluted, and the chloride is
then determined.

Borates. While borax is relatively infrequently
encountered in detergent compositions, perborates
are receiving considerable attention in detergent
usage so that a method is desirable. Such a method
is given in A.S.T.M. D 460 (4), which involves fu-
sion, acidification, and titration in glycerol solution.
A.0.C.8. method Da 17-52 (1) involves removal of
interfering soap, phosphate, or silicate by strontium
chloride or nitrate addition, removal of the strontium
salts, and subsequent potentiometric titration of the
purified liquor in the presence of mannitol.

Potassium. With the advent of liquid heavy-duty
detergents, analysis for potassium salts has become a
“must.”” Both A.0.C.S. (2) and A.S.T.M. methods
are based upon precipitation as potassium chloro-
platinate. Sodium oxide is determined by difference,
that is, subtracting the Na,O equivalent to potassium
from the total alkali calculated as Na,O.

Ethylenediamine Tetra-acetate (EDTA). Salts of
the acid may be found in greater or lesser amounts
in detergent compositions. A colorimetric analysis
(15) has been developed, which involves sequestra-
tion of nickel by EDTA followed by acidification
and determination of the nickel as dithio-oxalate.
Interfering phosphates, copper, and presumably other
builders would have to be removed.

Other Functional Additives. While of an organic
nature, optical brighteners, organic corrosion inhibi-
tors, tarnish inhibitors, and carboxymethyl cellulose
can make up from a fraction to several per cent of
the composition.

Optical Brighteners. These are almost universally
present in detergent compositions meant for fabrie
cleansing and even in some designed for hard-surface
cleansing. The amounts used vary but generally total
less than 0.1% of the composition. While chemical
methods for analysis in composition may fail to
provide adquate data, photometric measurement of
detergent solutions or preferably of fabrics sub-
jected to the detergents may prove adequate. Ad-
ditionally, spectrographic methods may prove of
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value in some cases. Present techniques leave much
to be desired, particularly where identification of
individual optical brightener components is the
objective.

Corrosion Inhibitors. The most widely used in-
hibitor is an inorganic silicate, but organic corrosion
inhibitors may eventually be developed. At that time

. analytical methods will be necessary for proeess con-

trol, if not for general analytical determination. It
is suggested here that chromatographic techniques
may prove valuable.

Tarnish Inhibitors. Compounds which prevent sil-
verware tarnishing are in general use. Again these
are present in relatively small percentages, and sat-
isfactory control methods are desirable. Chromato-
graphic or colorimetric tests may prove useful for
identification.

Carboxymethyl Cellulose (CMC ). These antiredepo-
sition agents are in almost universal usage and rep-
resent from fractional to percentage amounts of the
detergent formulation. CMC can vary in degree of
substitution, which can make accurate estimation in
an unknown a less than precise measurement. Addi-
tionally, preferential separation prior to analysis can
be a difficult procedure.

Control analysis of the commercially concentrated
product prior to addition to a detergent composition is
not difficult, and several methods have been developed.
Qualitative differentiation between cellulose ethers and
cellulose ether glycolic acids has been achieved (25) by
precipitation of cellulose glycolic acids by dimethyl-
alkylbenzylammonium chloride; the cellulose ethers
do not undergo this reaction. A gravimetric method
(30) is based upon the isolation of the copper salt.
The degree of substitution can be estimated from the
copper content of the dried precipitate. The anthrone
method (11) is rather accurate, and readings are
made spectrophotometrically. Interfering substances
are said to be other carbohydrates, or carbohydrate
derivatives and certain polyoxyethylene derivatives of
fatty acids and phenols. Another colorimetric tech-
nigque (29) involves use of 2,7-dihydroxynaphthalene.

A method which is rather less than quantitative
involves measurement of the antiredeposition proper-
ties of a detergent composition under carefully con-
trolled arbitrary conditions.

Summary

Evaluation of available methods for preliminary
examination of the inorganic portion of detergent
compositions indicates that this phase of the analy-
sis has a relatively satisfactory status. Utilization
of various spectrographic devices can prove most
helpful in both preliminary and in final analysis of
detergent components.

Several integrated schemes of analysis are avail-
able. Most of them are as yet incomplete with respect
to a good analysis of sodium tripolyphosphate, but
recently described techniques hold considerable prom-
ise. These general schemes are under review with
the objective of using in them more effective tech-
niques for ecertain components.

Individual component analyses are under critical
examination, particularly those for the phosphates.
A recently introduced chromatographic technique
promises improvement here. Improved techniques for
the determination of silica merit examination for in-
tegrated schemes as well as for single component an-
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alysis. Even sulfate analysis may be improved if
published methods are indicative. |

Analyses for optical brighteners, corrosion inhibi-
tors, and carboxymethyl cellulose are needed and do
not now exist in satisfactory form.
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time on the total production of surface-active

agents or on their most important uses. Rela-
tively little data are available however on the types
and quantities of surfactants used in specific appli-
cations. The principal reason for this is the difficulty
of obtaining even reasonably reliable estimates. For
some uses, as in household cleaning produets, knowl-
edge of the formulations used combined with confiden-
tial but available data on the sales of the individual
products permit a fairly accurate analysis to be made.
In other applications the estimates, guesses, and
conjectures of men experienced in the field ean be
analyzed to provide a fair estimate. In still other
applications however, notably those concerned with
industrial cleaning, it seems likely that no one any-
where has the answer. For such cases we have pro-
vided only guesses.

‘While this survey is as exhaustive as time would
permit, the subject is so vast that it cannot be con-
sidered final. It is presented as a start on which
others can build, and so our method of calculation
is given for those applications where we consider our
estimates doubtful.

There are other limitations to be noted. The first
of these concerns confidential applications. Many
companies have one or two applications tucked away
that are unknown to some or all of their competitors.
Even where such information is known to us, specific

SATISFACTORY PAPERS have appeared from time to

reference has been omitted from this paper though .

it may be concealed in the totals.

There is also the important question as to which
materials should be included as surface-active agents.
In general, we used the classification of the U. 8.
Tariff Commission (18) with two notable exceptions.
‘We omitted both sulfonated oils and the salts of
fatty acids since we do not include soaps in this sur-

vey. While both classes are undoubtedly surface-
active agents and undoubtedly synthetie, it was felt
that they require a separate study of their own.

We did include certain materials listed by the U. S.
Tariff Commission under ‘‘Ore-Flotation Agents’’ as
their function is surface-active. We recognize this
to be somewhat inconsistent as there are many such
products, notably fatty amines and fatty alcohols,
which are also used for surface-active properties but
not generally included in the common usage of the
term ‘‘surface-active agents.”” We can only plead that
time did not permit this more thorough treatment.

Another point to be noted is that the art of appli-
cation of surface-active agents is still in its adoles-
cence. Changes are constantly being made both in
the type of surface-active agents used for given ap-
plications and the concentration used. Also it is be-
lieved that, in some household products, the type and
proportion of surface-active agent in the formula
may be varied, depending on the relative costs of the
competitive raw materials. Nationally sold household
produects also seem to vary in composition in various
areas of the country, depending on local conditions,
such as water hardness, public demand for certain
properties, and raw material supply in that area. A
survey such as this therefore must be considered, at
best, representative of a fleeting instant of time so
that greater importance should be placed on the
properties required for specific applications rather
than the numerical values representing eonsumption.
All figures shown are on an active-agent basis, that
is, 100% of organic surfactant.

Principal Product Types

Our method of presenting some of the data requires
that abbreviations be used to designate the surfac-
tant types. These abbreviations are shown below.



