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of Al, Fe, and Si in various clay and humus constituents by treatment
with different reagents is given in Table 9. This shows, for example,
that allophane is dissolved by treatment with hot 0.5N NaOH or oxalate-
oxalic acid (Tamm's solution) but not with dithionite-citrate or 2%
Na,CO3 solution. However, because dissolution with one reagent only
has some limitation in the specificity of the reaction, simultaneous
characterisation of the dissolved material is recommended. This is

Table 9. Dissolution of Al, Fe, and Si in various clay constituents and organic complexes by treatment with
different reagents. References detailing the extraction methods can be found in Wada (1977, p. 615; 1978,
p. 162). After Wada (1978, p. 152).

Element in: Treatment with:
Specified component 01 M Dithionite 2% 0.15-02 M 05N
and complex NagP207 -citrate Na2COg oxalate- NaOH
oxalic acid
(pH 3.0-3.5)
Al in:
Organic complexes good good good good good
Hydrous oxides
Noncrystalline poor good good good good
Crystalline none poor poor none good
Fe in:
Organic complexes good good none good none
Hydrous oxides
Noncrystalline poor good none good none
Crystalline none good none none none
Siin:
Opaline silica none none poor none good
Crystalline silica none none none none poor
Al and Siin:
Allophane-like poor good good good good
Allophane poor poor poor good good
Imogolite poor poor poor good-fair good
Layer silicates none none none none poor-fair

carried out typically by difference infrared spectroscopy (i.e.,
comparison of the IR spectra of the material before and after treatment),
or from dissolution kinetics, whereby the steady-state portion of the
dissolution-time curve is taken to indicate a limited attack on
crystalline material (Wada 1977). Hodges and Zelazny (1980) report

a procedure based on the loss in weight of a sample after it had been
selectively dissolved by ammonium oxalate or sodium hydroxide as a
measure of the non-crystalline material content of the sample. A
differential XRD method involving selective dissolution treatment for
identifying some iron oxide minerals is discussed by Schulze (1981)
and Schwertmann et al. (1982).

Recent studies by Russell et al. (1981) and Parfitt and Henmi
(1982) have demonstrated that for clays from predominantly andesitic
tephras the acid-oxalate dissolution and infrared spectroscopy methods
showed good agreement in determining allophane content where the Al:Si
ratio of the extract is near 2.0 (Table 8, p.36 ). The methods compared
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IR absorbance at 348cm~! (characteristic of allophane and imogolite)
with %A1 and %Si extracted by acid-oxalate.

If the non-crystalline material content of samples is to be
related to soil systems, Hodges and Zelazny (1980) recommend that
whole samples be used for analyses, rather than only the <2um fractions.
(See also method-related studies by Hetier et al. (1977) and Higashi and
Shinagawa (1981)). '

Useful references for dissolution methods and applications include
Jackson (1969), Wada (1977), Dixon and Weed (1977), Brown et al. (1978),
Theng (1980), Hodges and Zelazny (1980), and Parfitt et al. (1983),
and papers cited therein.

Surface area measurements

Specific surface areas can be measured for allophanic clays using
various adsorbates such as glycerol, ethylene glycol monoethylether,
ethylene glycol, and water (Wada 1977), and low temperature nitrogen
adsorption (Paterson 1977).

Specific surface area calculations for allophane range from 800
to 2210m%/g using 43 and 503 as the inner and external diameters
of the "spherule unit" respectively, and a density of 2.6 to 2.65
g.cm~3 (Espinoza et al. 1975; Wada 1980; Parfitt and Henmi 1980). Thus
measurement of surface area can provide an estimate of allophane content.

Ethylene glycol and water adsorption methods used by Allbrook and
Codlin (1981) to estimate allophane contents showed good correlation
with determinations based on Tamm's acid-oxalate dissolution of Al,

Si, and Fe, and OH™ release by titration to pH 6.8 after addition of NaF.
Another study, by Claridge and Fieldes (1975), applied ethylene glycol
retention measurements to particle morphology studies of allophane and
halloysite.
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