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DETERMINATION OF NONCRYSTALLINE SOIL 
COMPONENTS BY WEIGHT DIFFERENCE AFTER 

SELECTIVE DISSOLUTION 
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Blacksburg, Virginia 24061 

Abstraet--A procedure based on loss of weight after selective dissolution analysis (SDA) and washing with 
(NH4)zCO3 was developed for estimating the noncrystalline material content of soils derived from widely 
different parent materials. After extracting with 0.2 N ammonium-oxalate or boiling 0.5 N NaOH solutions, 
samples were washed with 1 N (NH,)2CO3 to remove excess dissolution agents and to prevent sample 
dispersion. The amount of noncrystalline material removed from the sample by the extracting solution was 
estimated by weighing the leached products dried to constant weight at 110~ The results match closely 
with those obtained by chemical analyses of the dissolution product and assignment of the appropriate 
water. The proposed weight-loss method is less time-consuming than the chemical method, and no as- 
sumptions need be made concerning sample homogeneity or water content of the noncrystalline material. 

Extractions of whole soil and dispersed clay fractions indicated that noncrystalline material determi- 
nations on the clay fractions underestimated the noncrystalline material content for whole soils from 0 to 
34%. Acid ammonium oxalate was found to be a much more selective extractant for noncrystalline materials 
than NaOH. 
Key Words---Allophane, Noncrystalline, Quantification, Selective dissolution, Soil, Weight loss. 

INTRODUCTION 

Although most soils consist essentially of crystalline 
minerals, many contain appreciable amounts of non- 
crystalline, 1 inorganic material. Noncrystalline mate- 
rials in soils derived from volcanic ash and weathered 
pumice have been extensively studied, but compara- 
tively little is known about the noncrystalline materials 
in soils derived from other parent  materials. Some 
Scottish soil clays derived from nonvolcanic ash ma- 
terials were found to contain small but significant 
amounts of 0.5 N Na2CO3-soluble noncrystalline ma- 
terials (Mitchell and Farmer,  1962), primarily as coat- 
ings and films on minerals (Follett  et al., 1965a). Var- 
ious paracrystalline or noncrystalline forms of iron 
oxides in soils have also been investigated (Follett  et  
al. ,  1965b; McKeague and Day, 1966; Schwertmann, 
1964, 1973; Schwertmann and Fisher, 1973; Blume and 
Schwer tmann,  1969; Segalen,  1968). These  small 
amounts of noncrystalline materials may contribute 
significantly to the physical and chemical properties of 
these soils since they may have: (1) high cation-ex- 
change capacity which may be influenced by pH (Wada 
and Ataka,  1958; Aomine and Jackson, 1959); (2) high 
surface area; and (3) high reactivity with phosphate 
(Saunders, 1964). Thus, it is desirable to characterize 

i The term noncrystalline as used in this paper follows the 
recommendation of Wada (1977) in describing materials hav- 
ing only local and nonrepetitive structure and includes para- 
crystalline materials (having one-dimensional structural units) 
such as imogolite. 

Copyright �9 1980, The Clay Minerals Society 

and quantify the amount of noncrystalline materials 
present in soils as well as the amount of the crystalline 
components.  

Traditional methods of estimating the crystalline 
mineral content of soils, such as X-ray powder  diffrac- 
tion (XRD), differential thermal analysis (DTA), and 
thermogravimetric analysis (TGA), have severe limi- 
tations for quantifying the noncrystalline material con- 
tent in polymineralic soil systems. These limitations 
result either from a lack of well-defined parameters,  low 
detection limits, or coincidence with parameters of 
crystalline minerals which are also present. Selective 
dissolution analysis (SDA) has been extensively used 
in the study of the noncrystalline material content of 
soils and sediments. There are limitations, however,  
which must be considered in using SDA: First,  a con- 
tinuum of crystalline order exists, ranging from no long- 
range order to paracrystall ine to poorly crystalline to 
well crystalline (Follett  et al. ,  1965a). It is difficult to 
assess adequately the portion of  this continuum which 
is extracted by a particular reagent. As has previously 
been demonstrated, the use of boiling 0.5 N NaOH as 
a dissolution reagent for noncrystalline soil materials 
may result also in removal of gibbsite and significant 
amounts of kaolinite, halloysite, free silica, and mont- 
morillonite (Langston and Jenne, 1964; Wada and 
Greenland, 1970; Tokashiki and Wada, 1972; Higashi 
and Ikeda,  1974; Fey and LeRoux,  1977; Wilke et al. ,  
1978). Acid ammonium oxalate in darkness has been 
shown to be a more selective reagent for dissolution of 
noncrystalline materials (Schwertmann, 1964; Higashi 
and Ikeda, 1974; Fey  and LeRoux,  1977), although it 
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Table 1. Description of soils. 

Clays and Clay Minerals 

Sample Depth Major clay Classification 
number (cm) Parent material Location (soil name) minerals ~ 

1041 30--75 Volcanic ash 
905 25-55 Volcanic ash 

l 0-15 Alluvial volcanic 
materials 

2 23-61 Diabase and gabbro 
3 76--91 Coastal Plain 

sediments 
4 36-51 Basic lava flows, 

gneiss and schist 
5 150 -200  Serpentinized 

peridotite 

Kumamoto, Japan (Choyo) 
Kumamoto, Japan (Uemara) 
Los Diamantes, Puerto Rico 

Prince William Co., Virginia 
Leon Co., Florida (Dothan) 

Orange Co., Virginia (Davidson) 

Western Puerto Rico (Nipe) 

A >> Im, V-C Inceptisol 
Im, A, V-C Inceptisol 
V-C, A, K, Mi Emisol 

M > K > Mi Alfisol 
K, V-C, G Ultisol 

K > V-C, G Ultisol 

G > K > V-C Oxisol 

1A = allophane; Im = imogolite; V-C = hydroxy interlayer vermiculites or smectites; K = kaolinite; G = gibbsite; 
Mi = soil mica; M = montmorillonite. 

may partially dissolve magnetite (Baril and Bitton, 
1969) and perhaps trioctahedral layer silicates (Arshad 
et al., 1972), which occur in soils as the exception rath- 
er than the rule (Schwertmann, 1973). Noncrystalline 
silica minerals are not dissolved by acid ammonium 
oxalate treatment (Wada, 1977). 

A second problem in using SDA is the assignment of 
water content to the oxides of Si, A1, and Fe determined 
by chemical analysis. Noncrystalline materials are not- 
ed for their variable chemical composition (van Olphen, 
1971) and thus may be expected to have variable water 
contents.  A constant water  content has often been as- 
sumed for the noncrystalline components,  resulting in 
assignment of these values without regard for sample 
composition (Jackson, 1964; Alexiades and Jackson, 
1966; de Villiers, 1971). However ,  SIO2:A1203 molar 
ratios have also been used to assign water contents 
within specified ranges (Jackson,  1974). Fey  and 
LeRoux (1976) assigned water content by comparing 
the SiOz:A1203 ratio of the sample with those of non- 
crystalline, synthetic aluminosilicate gels of known 
water content. This method assumes that synthetic 
materials are adequate models for predicting the char- 
acteristics of natural materials. A more satisfactory 
method would be to measure the weight loss of  a given 

Table 2. Descriptions of standard minerals. 

Particle 
Mineral Source size 

Gibbsite 

Kaolinite 

Montmorillonite 
Vermiculite 

Reynolds Aluminum < 100/xm 
Company (ARD-74-319) 

Washington Co., Georgia <2 tzm 
(Ga-1) 

Crook Co., Wyoming (Wy-l) <2 txm 
Zonalite, Travelers Rest, <2 t~m 

South Carolina 

sample after SDA. In spite of the above noted limita- 
tions, SDA presently offers the best  approach for both 
chemical characterization and quantification of the 
noncrystalline material content of soils. 

The objective of this study was to develop a selective 
dissolution method for the routine determination of the 
chemical composition and the quantity of noncrystal- 
line materials in Soils. To this end, a procedure was 
tested based upon the loss in weight of a sample after 
it had been selectively dissolved by ammonium oxalate 
or sodium hydroxide as a measure of the noncrystalline 
material content of  the sample. 

MATERIALS AND METHODS 

Brief descriptions of the soils and standard minerals 
used in this study are given in Tables 1 and 2. Samples 
were selected to represent a wide range of noncrystal- 
line material content,  parent  material, and degree of 
weathering. Samples 1041 and 905 are from Japanese 
soils derived from volcanic ash deposits and have sig- 
nificant amounts of allophane (Yoshinaga and Aomine, 
1962a) or imogolite (Yoshinaga and Aomine, 1962b) in 
their respective clay fractions. 

Samples were buffered at pH 5.0 using a 1 N sodium 
acetate-acetic acid solution and treated with 30% H20 z 
to remove organic matter. Oxidation products were re- 
moved by several washings with 1 N NaC1. The clay 
fractions (<2 tzm) were dispersed in distilled water by 
successive ultrasonic treatments. It was necessary to 
add first dilute NaOH (pH 10) and then dilute HC1 (pH 
4) to the volcanic ash soils to aid dispersion. The clay 
fractions were collected by decantation following cen- 
trifugation. Samples of soils, soil clays, and standard 
minerals were K-saturated using 1 N KC1, except for 
vermiculite which was Na-saturated,  washed succes- 
sively with water, 1:1 water:methanol,  1:1 metha- 
nol:acetone, and acetone until free of  chloride as 
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determined by the AgNO3 test. Samples were then air 
dried, lightly crushed, and placed in a desiccator over 
PzO5 for storage at constant relative humidity. After 3 
days of storage, 300-rag aliquots were dried overnight 
at II0~ and weighed to determine sample moisture 
contents. 

Noncrystalline materials were extracted with either 
(1) 50 ml of 0.2 N ammonium oxalate (pH 3.0) for 2 hr 
on a reciprocating shaker in darkness according to the 
procedure of Schwertmann (1964) and Fey and LeRoux 
(1977), or (2) 250 ml of boiling 0.5 N NaOH for 2.5 min 
in a Ni beaker  according to the procedure of Hashimoto 
and Jackson (1960). Triplicate samples of approximate- 
ly 250 mg were weighed into preweighed, pretreated 
Nalgene centrifuge tubes or Ni beakers.  A set of blank 
tubes was carried through each of the procedures to 
account for any weight loss by the tubes upon heating. 
Following treatment, the residue and supernatant so- 
lutions from the Ni beakers were transferred to pre- 
weighed, pretreated centrifuge tubes. Supernatant so- 
lu t ions  were  c o l l e c t e d  by  d e c a n t a t i o n  a f te r  
centrifugation and immediately analyzed for Si, AI, and 
Fe  by atomic absorption spectroscopy (AA). The res- 
idues were washed three times with 1 N (NH4)2CO3 and 
once with an equal volume of distilled water to remove 
remaining dissolution-treatment chemicals. The resi- 
dues were dried in the tubes overnight at l l0~ re- 
sulting in volatilization of excess (NH4)2CO3 as NH3, 
CO2, and H20. Preliminary studies indicated that com- 
plete volatilization of 1 N (NH4)2CO3 solutions in cen- 
trifuge tubes resulted when the solutions were heated 
at 110~ overnight. Inspection of oven-dry samples fol- 
lowing SDA furthermore indicated no visible salt resi- 
dues. Tubes were allowed to cool in a desiccator over 
P20~ prior to weighing. A wire hook attached to the 
frame of the balance pan was used to hold tubes in a 
vertical position to reduce weighing errors resulting 
from variable orientation of the tubes on the balance 
pan. 

In addition to removing free iron oxides, a dithionite- 
citrate-bicarbonate (DCB) treatment may remove sig- 
nificant quantities of  noncrystalline Fe,  Si, and A1 
(Wada and Greenland, 1970; Tokashiki and wada ,  
1972; Follett  et al., 1965; Fey and LeRoux, 1976, 1977). 
All samples were initially extracted without prior DCB 
treatment to avoid this possible source of error. Due to 
the high Fe contents of some samples, rapid re-precip- 
itation of materials dissolved by NaOH occurred before 
separation of the solid and liquid phases could be com- 
pleted. Therefore, NaOH extraction was also carried 
out on deferrated samples. The DCB-extractable Fe, 
Si, and AI was determined by AA. The total weight loss 
of all samples following SDA was calculated on the ba- 
sis of the oven-dry weight (110~ of undeferrated sam- 
ples. 

Dehydroxylation endotherm peak areas at approxi- 

mately 280 ~ and 530~ obtained using a DuPont 990 
Thermal Analyzer  with a differential scanning calorim- 
eter (DSC) cell, were used to estimate the amounts of  
gibbsite and kaolinite, respectively,  present in samples 
before and after SDA. This was accomplished using 
regression equations developed by Sampath and Zelaz- 
ny (1977) relating peak areas to the weight of gibbsite 
or kaolinite present in a sample. By analyzing a sample 
before and after dissolution treatments,  reasonably ac- 
curate differences in mineral content were obtained, 
and errors resulting from differences in crystaUinity, 
particle size, and slight variations in thermal properties 
of soil and standard minerals were minimized. All 
weight-loss and chemical data were corrected for gibb- 
site and kaolinite dissolved by SDA using formulae of 
AI(OH)3 and AI2Si2Q(OH)4, respectively. 

RESULTS AND DISCUSSION 

Comparison of weight-loss and chemical 
determination 

Chemical and weight-loss data for the noncrystalline 
material content of the several soil clays examined are 
shown in Table 3, after correction for the loss of gibb- 
site and kaolinite as determined by DSC. Weight-loss 
values were reproducible over a wide range of non- 
crystalline material contents,  with standard deviations 
of less than 1%. For  a comparison of weight-loss and 
chemical determinations, water contents were assigned 
on the basis of the SiO~:A12Q molar ratio, according to 
the procedure of Jackson (1974). As would be expected 
from the heterogeneous compositions, the values are 
not in complete agreement, although they are similar 
for both dissolution reagents. Regression equations 
were calculated to determine the degree of correlation 
of weight-loss data with chemical data. The appropriate 
equations for ammonium oxalate and NaOH are: 

% weight loss = 0.58 + 1.00 [sum of oxides, 
ammonium oxalate 
+ assigned HzO] 

r 2 = 0.996 
and 

% weight loss = 2.08 + 0.95 [sum of oxides, NaOH 
+ assigned H20] 

r ~ = 0.998. 

The high correlation coefficients (r2), the intercepts 
being close to zero, and the slopes being close to one 
indicate that the proposed weight-loss technique yields 
results very similar to those obtained by standard SDA 
techniques. It therefore seems possible to quantify 
the noncrystalline material content of soils without 
time-consuming chemical determinations or assuming 
sample homogeneity and water content. Used in con- 
junction with chemical analysis, more accurate char- 
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Table 3. Chemical and weight-loss determinations Of noncrystalline materials from soil clays following selective dissolution 
analysis. 

Selective dissolution analysis I (%) DSC analysis 3 (%) 

Sample Sum of Sum of oxides Weight Gibbsite Kaolinite 
number SiO2 AI~O~ Fe~O~ oxides + H202 loss lost lost 

Ammonium oxalate 
1041 22.5 29.5 4.8 56.8 71.9 72.2 _+ 1.2 0.0 0.0 
905 23.4 38.1 8.4 69.9 88.5 85.7 • 0.8 0.0 0.0 

L 2.5 6.8 7.6 16.9 21.4 23.4 • 0.8 0.0 3.1 
2 0.1 0.0 0.5 0.6 0.7 1.2 • 0.1 0.0 1.9 
3 1.0 0.5 0.3 1.8 2.0 2.0 _+ 0.0 0.0 0.0 
4 0.0 0.0 0.5 0.5 0.6 0.7 • 0.1 0.0 1.3 
5 0.5 0.4 1.5 1.5 1.8 1~.7 • 0.6 0.0 0.3 

NaOH 4 
1041 30.6 40.6 0.1 71.3 90.3 88.0 • 1.3 0.0 0.0 
905 21.9 34.3 1.1 57.3 72.3 72.1 • 3.9 0.0 0.0 

1 14.6 19.1 1.6 35.3 44.7 42.6 • 0.5 0.3 13.7 
2 5.8 0.0 0.4 6.2 7.8 9.1 • 0.2 0.0 19.6 
3 2.1 1.6 0.1 3.8 4.5 9.3 • 0.2 2.0 21.6 
4 4.6 3.2 0.2 8.0 8.7 10.0 • 0.2 0.2 17.0 
5 0.1 8.3 0.1 8.5 9.2 9.3 • 0.2 21.5 6.4 

1 All data corrected for loss of gibbsite and kaolinite. 
2 Assignment of water according to the procedure of Jackson (1974) on the basis of SiOz:A1203 ratio. 
3 Differential scanning calorimetry. 
4 Extractions on deferrated samples, corrected for removal of Fe203. 

ac te r i za t ion  seems  poss ib le  in t ha t  the  w a t e r  c o n t e n t  
may  be  measu red ,  in s t ead  of  es t imated .  

Comparison o f  the noncrystalline material 
content o f  whole soils and soil clays 

M a n y  s tudies  deal ing wi th  nonc rys t a l l i ne  mater ia l s  
h a v e  b e e n  c o n d u c t e d  us ing  only  the  c lay-s ize  f rac t ions  
ob ta ined  by  d i spers ion  p r ocedu r e s .  This  resul t s  f rom 
the  genera l  a s s u m p t i o n  tha t  nonc rys t a l l i ne  mater ia l s  
and  reac t ive  c o m p o n e n t s  occu r  on ly  in this  f rac t ion,  
The  re la t ive ly  few s tudies  of  the  nonc rys t a l l i ne  mate -  

the  o b s e r v e d  d i f f e r ences ,  h o w e v e r ,  F o l l e t t  et al. 
(1965a) and  Jones  and  U e h a r a  (1973) s h o w e d  tha t  mos t  
nonc rys t a l l i ne  soil mater ia l s  exis t  as coat ings  t ha t  b ind  
aggregates  of  minera l s  t oge the r ,  r a t h e r  t h a n  as sepa ra te  
par t ic les .  

Table 4. Comparison of selective dissolution analyses using 
ammonium oxalate and NaOH for whole soil and clay frac- 
tions by weight loss. 

Clay fraction 

rials in whole  soils ( < 2  mm) genera l ly  deal  wi th  C E C  Measured 
m e a s u r e m e n t s  or  f r ac t iona t ion  of  F e  mater ia l s .  W e b e r  noncrystalline 

Sample Content component 
and  Ze l azny  (1979) s h o w e d  tha t  s ignif icant  a m o u n t s  of  number (%) (%) 
r eac t ive  c o m p o n e n t s  m ay  o c c u r  in the  >2- /zm f rac t ion  
of  ce r ta in  Virginia  soils. The re fo re ,  it is i m p o r t a n t  to 

1041 28.0 
a s sess  the  con t r ibu t ion  of  nonc rys t a l l i ne  mater ia l s  to 905 30.0 
whole  soils as well  as soil c lays.  1 23.7 

Ex t r ac t i ons  f rom whole  soils and  soil c lays can  be  2 67.1 
c o m p a r e d  if  it is a s s u m e d  tha t  eff icient  d i spe r s ion  of  the  3 48.3 
clay f r ac t ion  re su l t ed  by  the  m e t h o d s  e m p l o y e d  and  4 62.1 

= 5 68.8 
tha t  nonc rys t a l l i ne  mater ia l s  occu r  only  in the  clay frac- 
t ion.  Resul t s  of  this  c o m p a r i s o n  are  s h o w n  in Table  4. 
The  es t ima ted  va lues  are  s ignif icant ly lower  than  the  1041 28.0 

905 30.0 
m e a s u r e d  va lues  for  whole  soils e x c e p t  for  the  a m m o -  1 23.7 
n ium oxala te  ex t r ac t ion  of  sample  5 in which  the  esti- 2 67.1 
ma ted  va lue  is equal  to the  m e a s u r e d  value.  M u c h  of  3 48.3 
this  d i f ference  is u n d o u b t e d l y  due  to incomple t e  dis- 4 62.1 

5 68.8 pe r s ion  of  coat ings  of  nonc rys t a l l i ne  mater ia l s  f rom 
sand  and  silt par t ic les .  The  d i sso lu t ion  of  c rys ta l l ine  
par t ic les  and  aggregates  m a y  also h a v e  con t r i bu t ed  to 

Whole soil 
noncrystalline component 

Estimated Measured (%)1 (%) 

Ammonium oxalate 
72.2 10.2 55.2 
85.7 25.7 36.3 
23.4 5.5 7.3 

1.2 0.8 1.5 
2.0 1.0 1.4 
0.7 0.4 2.0 
1.7 1.2 1.2 

NaOH 
88.0 24.6 50.4 
72.1 21.6 41.4 
42.6 10.0 13.6 

9.1 6.1 9.0 
9.3 4.5 9.1 

10.0 6.2 6.9 
9.3 6.3 19.2 

1 Estimated whole soil noncrystalline component = (non- 
crystalline component of clay fraction) • clay content/100. 
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Table 5. Effects of extraction with ammonium oxalate and 
NaOH on pure minerals. 

0.2 N ammonium oxalate 

Theoretical 

0.5 N NaOH 

Theoretical 
Sum of weight Sum of weight 

Sample oxides (%) loss (%) oxides (%) loss (%) 

Gibbsite 0.1 0.2 40.8 62.5 
Kaolinite 0.0 0.0 4.9 5.7 
Montmorillonite 0.2 0.3 2.5 2.9 
Vermiculite 0.4 0.5 2.7 4.6 

Comparison o f  N a O H  and ammonium oxalate 
extractants 

Several workers,  as discussed above, have shown 
that NaOH is poorly selective as a dissolution reagent 
for noncrystalline materials. Failure to account for dis- 
solution of crystalline components by NaOH has un- 
doubtedly resulted in overestimation of noncrystalline 
content in many previous studies. By correcting for the 
gibbsite and kaolinite dissolved by NaOH and ammo- 
nium oxalate, as estimated from DSC analyses, valid 
comparisons of the effectiveness of the reagents may 
be attained. The results of dissolution treatments of 
standard minerals with NaOH and ammonium oxalate 
are shown in Table 5. Incomplete dissolution (62.5%) 
of the synthetic gibbsite is likely due to its large particle 
size and possibly from supersaturation of the extracting 
solution with respect to gibbsite. The latter alternative 
was ruled out by repeating the extraction with a 25-mg 
sample rather than a 250-mg sample (both were extract- 
ed with 250 ml of NaOH). The results were similar for 
both sample sizes, indicating that incomplete dissolu- 
tion was primarily a result of the large particle size. The 
NaOH treatment also dissolved 5.7% of the kaolinite, 
2.9% of the montmorillonite, and 4.6% of the vermic- 
ulite. Extraction of deferrated soil clay materials from 
sample 5, which is high in both gibbsite and kaolinite, 
resulted in complete dissolution of  gibbsite (51% in the 
deferrated sample in Table 5, based on undeferrated 
sample weight) in addition to 15.2% kaolinite and 22% 
noncrystalline material. This was confirmed by XRD 
analyses of oriented mounts (Figure 1) and DSC (Fig- 
ure 2). Gibbsite was dissolved completely from all sam- 
ples by NaOH treatments,  whereas 6.4 to 21.1% of  the 
samples was dissolved as kaolinite (Table 3). Converse- 
ly, none of the standard minerals reacted with the acid 
ammonium oxalate. Essentially no dissolution of gibb- 
site and minimal dissolution of kaolinite resulted from 
ammonium oxalate extractions of soil clay materials 
(Table 3). The small amounts of  kaolinite dissolved may 
reflect the poorly crystalline nature of the soil clay ma- 
terials since no dissolution of the well-crystalline Geor- 
gia kaolinite was observed (Table 5). 

Although the preceding discussion indicates that am- 
monium oxalate is a more selective extractant for non- 

crystalline materials than NaOH, some problems re- 
main. From the data in Tables 3 and 4, more soil 
materials appear to be extracted by NaOH than by am- 
monium oxalate for all samples except sample 905. Dif- 
ferences between these two extractants range from as 
low as 7.3% for sample 3 to as high as 19.2% for sample 
1. The silica and alumina content of the additional ma- 
terials extracted by NaOH from soil clays are shown 
in Table 6. These values were obtained by subtracting 
the SiO2 or A1203 obtained by ammonium oxalate ex- 
tractions from those obtained by NaOH extractions. 
The SiOz:AI~O3 mole ratio of sample 1041 indicates 
that the supervenient material extracted by NaOH from 
this sample is similar to allophane. Fey and LeRoux 
(1976) similarly reported greater dissolution of allo- 
phane-rich clay fractions by NaOH than by ammonium 
oxalate. The large difference noted for sample 1, which 
is derived from alluvial volcanic ash materials, may also 
be the result of enhanced dissolution of allophane-like 
materials. Both sample 1041 and sample 1 contain vol- 
canic glass, which is subject to dissolution by NaOH 
but not by ammonium oxalate (Wada, 1977). This may 
partially explain the differences in extracted SIO2, but 
not those of A1203. An increased dissolution of the im- 
ogolite-rich clay fraction of sample 905 by ammonium 
oxalate resulted in the negative values noted for this 
sample in Table 6. The reason for this enhanced dis- 

UNTREATED/! 

NH4-OXALATE J 

315 4.~ 49 7'2 1:4 

Figure 1. Differential scanning calorimetry endotherms of 
Pedon 2 (<2/~m) following removal of free Fe and selective 
dissolution of noncrystalline components with ammonium ox- 
alate and NaOH. 
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Figure 2. X-ray powder diffractograms of Pedon 2 (<2/zm) 
following removal of free Fe and selective dissolution of non- 
crystalline components with ammonium oxalate and NaOH. 

solution cannot presently be explained. The additional 
materials extracted from samples 3 and 4 also have en- 
hanced SiO2 contents which may be the result of dis- 
solution of 2:1 clay minerals or free SiO2 from the clay 
fractions. Quartz peaks were observed on XRD pat- 
terns of the clay fraction of these samples (not shown). 
Extraction of sample 5 with NaOH resulted essentially 
in supplemental A1203, most likely the result of disso- 
lution of Al-hydroxy interlayers of vermiculite or 
smectites that occur in the clay fraction of this soil. 

These results support the findings of earlier workers 
which indicate that NaOH dissolves materials well 
within the crystalline range, and that ammonium oxa- 
late dissolves materials limited primarily to the non- 
crystalline range of the soil mineral continuum. Much 
of the supervenient material extracted by NaOH can be 
explained, however, further characterization of this 
material as well as that extracted by ammonium oxalate 
is needed. 

CONCLUSIONS 

1. The determination of the noncrystalline material 
content by loss in sample weight following SDA, 
washing with (NH4)2CO3, and heating agrees well 
with chemical analysis. Time-consuming chemical 
analyses are thus avoided, and no assumptions need 
be made concerning sample homogeneity or water 
content of the noncrystalline component. 

2. If the noncrystalline material content of samples is 
to be related to soil systems, it is recommended that 
whole samples be used for analyses, rather than only 
the <2-~m fractions. 

3. The use of acid ammonium oxalate as an extractant 
is recommended over NaOH because of its greater 
selectivity for noncrystalline components and be- 
cause no correction is necessary for the dissolution 
of gibbsite and kaolinite. 

Table 6. Difference in selective dissolution analyses of soil 
clays with NaOH and ammonium oxalate. 1 

SiO~ AIzO a SiOe/AI~O3 
Sample (wt. %) (wt. %) (molar) 

1041 8.1 11.1 1.2 
905 (-1.5) (-3.8) (-0.7) 

1 12.1 12.3 1.7 
2 5.7 0.0 - -  
3 1.1 1.1 1.7 
4 4.6 3.2 2.5 
5 (-0.4) 7.9 - -  

1 Valueslistedinpercent = SDANaoa - SDAammoniumoxalate. 
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Pe31OMe----BbIgIa pa3paroTaRa npoue~ypa ~ O~eHKH co~ep~KaHaa HeKpHCTagI.rn4qecKoro iaTepi4~ia I4OqB, 
nepeoT.rlo)KeHrlOrO I43 CaMblX pa3noo6pa314mx MaTepI4HCKI4X I4CTOqHHKOB. Hpot~e~ypa oci40Bai4a Ha 
noTepe Beca nocYie npi4meuenn~ ana~i43a ce~aeKTI4BHOrO pacTBopei4nn (ACP) n npoMbmaHi4~ (NH4)zCO 3. 
FIocJIe 3KCTpaFI4poBaHH~ C UOMOIUI,10 0,2 N n~aBeJIeBOKHC310ro aMMOHH~I I431H Ki4n~iil~ero 0,5 N paCTBopa 
NaOH 06pa3um npOMblBa3II4Cb 1 N (NH4)2CO3, qTOrbl y~a~nTb I43ni4mKi4 pacTBopnTeaefi n I4pe~o- 
TBpaTrlTb paapymeHi4e orpa31~OB. KOhi4qeCTBO I4eKpi4cTa.rLrli4qecKoro iaTepi4aJla, BblJ~eJIeHi4OrO H3 06pa3Ra 
OKCTpari4pyloIJAi4i paCTBOpOM, onpe~e~aoc~ B3BemI4Bai4tleM BblmedloqeHHblX flpoJ~yKTOB noc~e I4x Bbl- 
cytui4Ba~i4~ ~O I4IOCTO~IHI4OFO Beca npi4 110~ PesyJIbTaTbI xopomo COFYlacyloTC~I C pe3yabTaTaMi4, no~y- 
qeHHblMi4 C nOMOmblO XI4MI4tIeCKI4X aHadII430B I4po~yKTa paCTBOpeHi4~ I4 I4cno.rlb3OBaHi4~I COOTBeTCTByIOII~e~I 
BO~bI. IlpeBdlOTKeHi4bIfi MeTO~ noTepI4 Beca TperyeT Mei4bUle BpeMei4H, qeM XI4MI4qeCKI4H MeTO~, H I4e 
TperyeTc~ HI4KaKI4X I4pe~no~o~KeHi4fi 06 OJ]~HOpO~HOCTI4 orpa3I~OB H.rIH HaCbII4~eHHOCTI4 BO~OI~ HeKpHCTaJI- 
3IHqeCKI4X MaTepi4aYiOB. 

OKCTpaKuHI4 Bce~ nOtlBbl I4 pacce~Hi4bIX F.rIHHI4CTbIX qacTi4l~ yKa3bIBalOT, qTO oFIpej~e~eHi4~I HeKpi4cTa3I- 
JII4qecKoro MaTepi4aJta Ha F21HHHCTbIX qacTi4I~ax Hpi4BO~I;IT K He~OOl~eHKe co~epx(aHi4~l HeKpHCTaJI.III4- 
qecKoro MaTepi4a~ia ~UL*I BCefi UOqBbI OT 0 J~O 34%. KI4CYlOTa IRaBeaeBoKnc~oro aMMOHH~I oKa3a.rlaCb 
ropa3~o 60~Iee ce.IIeKTHBHbIM 3KCTpaFeHTOM JUI~I HeKpi4cTa.IIJII4qeCKI4X MaTepI4a.riOB, q e i  NaOH. [N. R.] 

Resiimee---Es wurde eine Untersuchungsmethode entwickelt, die auf dem Gewichtsverlust beruht, der 
nach selektiver Aufl6sung und Waschen mit (NH4)2COz auftritt. Mit dieser Methode wird der Gehalt an 
nichtkristallinem Material in Brden bestimmt, das yon sehr unterschiedlichem Ausgangsmaterial stammt. 
Nach der Extraktion mit 0,2 N Ammoniumoxalatl6sung oder dem Kochen mit 0,5 N NaOH wurden die 
Proben mit 1 N (NH4)zCO~ gewaschen, um/ibersch/issiges L6sungsmittel zu entfernen und die Dispersion 
der Probe zu verhindern. Die Menge des aus der Probe durch Extraktion entfernten nichtkristallinen Ma- 
terials wurde durch W~iugen der bei ll0~ konstant getrockneten Auslaugungsprodukte bestimmt. Das 
Ergebnis kommt nahe an das Ergebnis heran, das bei der chemischen Analyse des L6sungsproduktes unter 
Ber/icksichtigung der entsprechenden Wassermenge erhalten wurde. Die vorgeschlagene Gewichtsverlust- 
Methode erfordert weniger Zeit als die chemische Methode. AuBerdem m/issen keine Annahmen bezfiglich 
der probenhomogenit~it oder des Wassergehaltes des nichtkristallinen Materials gemacht werden. 

D{e Extraktion des Gesamtbodens und dispergierter Tonfraktionen deutet darauf hin, dab die Bestim- 
mung des nichtkristallinen Materials in den Tonfraktionen den Gehalt an nichtkristallinem Material in den 
Gesamtbrden um bis zu 34% zu klein erscheinen l~tBt. Es zeigt sich, dab saures Ammoniumoxalat ein viel 
selektiveres Extraktionsmittel f/Jr nichtkristallines Material ist als NaOH. [U. W.] 
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R6sum6---Une proc6dure bas6e sur la perte de poids apr~s une analyse de dissolution s61ective (SDA) et 
un lavage au (NH4)zCO3 a 6t6 d6velopp6e pour estimer le contenu de mat6riel non-cristallin de sols d6riv6s 
de mant6riaux parents tr~s diff6rents. Apr~s extraction ~t l'ainmonium oxalate 0,2 N ou par des solutions 
de 0,5 N NaOH bouillantes, les 6chantillons ont 6t6 lav6s avec du 1 N (NH4)zCO3 pour enlever les agents 
de dissolution en excbs et pour pr6venir la dispersion de l'6chantillon. La quantit6 de mat6riel non-cristallin 
retir6 de l'6chantillon par la solution extrayante a 6t6 estim6e en pesant les produits lessiv6s, sech6s ~ 110~ 

un poids constant. Les r6sultats sont tr~s proches de ceux obtenus par analyses chimiques du produit de 
dissolution et l'attribution de l'eau appropri6e. La m6thode de perte de poids propos6e prend moins de 
temps que la m6thode chimique, et on ne dot rien assumer concernant l,homog6n6it6 de l'6chantillon ou 
le contenu en eau du mat6riel non-cristallin. 

Des extractions de fractions de sol entier et d'argile dispers6e ont indiqu6 que les d6terminations de 
mat6riel non-cristallin sur les fractions d'argile sous-estimaient le contenu de mat6riel non-cristallin pour 
les sols entiers de 0 ~ 34%. L'acide d'ammonium oxalate s 'est montr6 6tre un extrayant beaucoup plus 
s61ectif pour les matbriaux non-cristallins que NaOH. [D. J.] 
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