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Abstract-This study was an investigation of the effects of sesquioxide constituents on some mineral- 
ogical and physiochemical properties of a Panamanian latosol. 

Latosols are soils characterized by high concentrations of iron and aluminum oxides and a general 
absence of free silica and alkaline earths. 

X-ray diffraction studies revealed sesquioxide coatings existed on the surfaces of the clay minerals. 
Mineralogically, the soil was composed of kaolin, amorphous minerals, hydrated iron and aluminum 
oxides, free silica, quartz grains, and magnetite. The results of DTA data suggested the presence of 
amorphous colloids in the soil. This suggestion was subsequently confirmed by selective dissolution 
analysis which revealed the unexpected presence of 17% amorphous silica in the coarse clay size 
fraction. Grain size analysis and scanning electron microscopy studies showed that the clay minerals 
are probably agglomerated by the sesquioxides into silt size clusters. CEC values obtained were 
primarily attributed to the amorphous colloids rather than the crystalline clay minerals because the 
sesquioxides probably partially blocked the exchange sites of the clays. 

Removal of the iron and aluminum oxides by sodium dithionite citrate-bicarbonate procedures 
(Mehra and Jackson, 1960), (a) sharpened and exposed previously "masked" X-ray diffraction peaks, 
(b) disaggregated the clay clusters producing greater amounts of clay size particles, and (c) altered the 
Cation Exchange Capacity (CEC) and water retention characteristics of the soil constituents. 

This investigation demonstrated that amorphous silica and iron and aluminum oxides greatly 
influence the properties of this latosol by coating and aggregating the clay minerals. These sesquioxide 
coatings suppress the ordinary behavioral characteristics of the indigenous clay minerals and con- 
sequently the observed behavior of the soil is dominated by the amorphous constituents. 

INTRODUCTION 
"LATERITE" and "latosols" are terms used to 
describe the reddish-colored relic (soils which have 
weathered in place) soils occurring throughout the 
humid tropical regions of the world, although many 
of these soils are not lateritic. The salient charac- 
teristics that identify these soils are the presence 
of an abundance of the sesquioxides, plus the 
general absence of silica and the alkaline earths. 
Mineralogically, the clays are most commonly 1 : 1 
minerals, of which kaolinite is by far the most 
common. Generally, the soil possesses a granular 
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structure due to the agglomerating effects of these 
sesquioxides. 

General agreement exists in the literature that 
the sesquioxides, which consist of hydrated iron 
oxides are adsorbed on the surfaces of the clay 
minerals through the interaction of the positively 
charged colloidal iron and negatively charged clay 
minerals. However, this adsorption phenomenon 
is governed by the amphoteric nature of the ses- 
quioxides and the pH of the surrounding medium 
(Mattson, 1927). Greenland et al. (1964, 1968), 
observed with electron microscopy that iron pre- 
cipitates as surface coatings on kaolinite only at 
pH values of 5.0 or less. Their studies revealed that 
in some tropical soils the iron oxides existed as 
discrete particles having little association with the 
clay minerals. Follett (1965) indicated that col- 
loidal iron hydroxide is adsorbed only on one basal 
surface of kaolinite flakes. Apparently, only the 
tetrahedral surface possesses sufficient charge to 
fix the iron particles. 

Petrographic studies by Alexander and Cady 
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(1962) and Sivarajasingham et al. (1962) have 
shown that the sesquioxide coatings impart a 
granular structure to the soil by aggregating the 
clay minerals into spherical clusters. The role of the 
sesquioxides in aggregation is generally ascribed 
to one or all of the following: (a) cementation due 
to precipitation of hydrated iron or aluminum gels 
and a subsequent irreversible dehydration of these 
materials, (b) the presence of iron in solution which 
prevents deflocculation, and (c) the formation of 
organic-mineral compounds of humic acids with 
sesquioxides (Tutz, 1937; Mclntyre, 1956). 

It seems that the amorphous sesquioxides of 
iron and aluminum may be quite influential on the 
behavioral characteristics of latosols through the 
neutralization and agglomeration of the clay 
minerals. The main objective of this investigation 
was to ascertain the effects of the sesquioxides 
(crptrcrystalline) on some physico-chemical 
properties of a latosol. These effects were evaluated 
by establishing quantitative differences between 
natural and "sesquioxide free" soil. 

MATERIALS AND METHODS 
Materials 

The latosol used in this investigation was obtained 
from a borrow pit located in Curundu, Panama 
Canal Zone. The soil was probably the result of 
normal weathering processes from a conglomerate 
consisting of basaltic and andesitic pebbles. 
Numerous small angular pebbles of quartz and 
chalcedony were encountered in the upper horizon 
where the sample was taken. The < 0.2/z and 
2--0.2/x fractions were obtained by centrifugation 
with the Sharpies supercentrifuge (Jackson, 1956) 
and the initial fractionation was obtained by gravity 
sedimentation. Chemical treatments intended to 
remove the organic material and carbonates were 
accomplished prior to fractionation (Jackson, 1956). 
Sesquioxide-free fractions were obtained by sodium 
dithionite-citrate-bicarbonate extraction (Mehra 
and Jackson, 1960). 

Methods 
The mineralogical identifications were based 

upon X-ray diffraction, DTA, scanning electron 
microscopy (SEM) analysis and chemical analyses. 
The X-ray diffraction analyses were made on Ca 
and K saturated oriented samples of clay with a 
General Electric XRD-6 apparatus with an SPG-2 
spectrogoniometer using Ni filtered Cu radiation. 
DTA thermograms were made using samples 
passing the U.S. Standard No. 80 sieve. The DTA 
samples were exposed to a standard humidity for 
4 days over a saturated solution of Mg(NOa)z'6H20 
in accordance with the procedure suggested by 
MacKenzie (1957). A Fisher Differential Therm- 

alyzer-260 was used to heat the sample to 1200~ 
at a rate of 10~ The scanning electron micro- 
graphs were taken of gold-palladium coated 
specimens with a JEOLCO JSM-2 scanning 
electron microscope. 

The percentages of free amorphous alumina and 
silica were determined by the selective dissolution 
procedure (Jackson, 1956; Hashimoto and Jackson, 
1960). The percentages of kaolinite were deter- 
mined following treatment for removal of amor- 
phous silica and aluminum by the same procedure 
after dehydroxylation of the kaolin by heating to 
560~ for four hours. Silica was determined as the 
silico-molybdate complex, molydenum blue 
procedure and aluminum by the aluminon method 
(Black, 1965). 

Cation exchange capacity data (CEC) were 
obtained by calcium saturation and sodium replace- 
ment and exchange calcium was determined by the 
EDTA-versenate titration procedure (Jackson, 
1958). After the CEC values had been determined 
for the "natural" soil, the sesquioxides of iron and 
alumina were removed (Mehra and Jackson, 1960) 
and the CEC of the "sesquioxide free" soil was 
determined. 

Grain size distribution curves were obtained 
utilizing a hydrometer method of analysis as 
suggested by Lambe (1951). The objective of this 
analysis was to determine the particle size distribu- 
tion curve of the untreated soil and of the ses- 
quioxide-free soil. 

RESULTS AND DISCUSSION 
X-ray diffraction 

The X-ray diffraction patterns for the coarse clay 
fraction (Fig. 1) reveal that the primary constituent 
of the clay fraction is a kaolin. The term "kaolinite 
intermediate" has been used to identify a mixed 
layered mineral in Panamanian soils Brown and 
Wolfschoon (1960) having basal spacings of 
7 ,~-10 A, but the material is probably kaolin or 
mixed metahaUoysite kaolinite. The presence of 
sesquioxide or silica coatings on the natural soil 
particles is strongly suggested by the occurrence 
of an X-ray diffraction quartz peak (3.35 A) after 
sesquioxide extraction. This diffraction peak was 
not present in untreated coarse clay fractions. 
Concurrently, the increased ~ of the 
kaolin peaks (7.31 A and 3.47 A) upon removal of 
the sesquioxide suggests the existence of coatings 
on the soil clay particles. 

Other diffraction patterns obtained in this study 
revealed that the soil has been very strongly 
weathered to poorly crystalline kaolin with some 
resistant quartz grains in addition to the poorly 
crystalline kaolin remaining as the identifiable 
minerals. Some secondary quartz as cristobalite is 
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Fig. 1. X-ray diffractograms of the untreated and sesquioxide free K-saturated coarse clay fraction of a 
Panamanian latosol (Curundu, Panama Canal Zone). 

suspected to be present. The absence of a broad 
(020) kaolin peak (4.45 A) in the clay fraction which 
was observed in the silt fraction suggests amorphous 
materials in the clay fraction (Jackson, 1956). 
The sesquioxide coatings on soil particles must 
exist in microcrystalline or amorphous forms as no 
X-ray diffraction peaks were observed for goethite, 
hematite, or gibbsite. 

Differential thermal analysis ( D TA ) 
The DTA thermograms of the natural and 

sesquioxide free samples (Fig. 2) indicate the 
presence of an amorphous material, which is not 
detected by X-ray diffraction. The large endo- 
thermic peak at 100~ in the untreated soil is an 
important feature of thermograms for halloysite 
and allophane, as kaolinite only exhibits a relatively 
small peak (Jackson, 1956; MacKenzie, 1957). 
The marked decrease in intensity of this low temp- 
erature endotherm in the sesquioxide-free sample 
indicates the presence of an allophanic material 
in the original sample. Had this endotherm been 
attributed solely to halloysite, it would still exist at 
an appreciable magnitude after sesquioxide extrac- 
tion. However, the chemical treatment could have 
dehydrated the remaining soil minerals. 

Allophane, an amorphous hydrous alumino- 
silicate (van Olphen, 1971) occurs in highly 

weathered latosols and is believed to be a weather- 
ing relic (Jackson, 1956) or precursor (Alexander 
and Cady, 1962) (Henricks and Whittig, 1968) of 
kaolinite and halloysite. The presence of allophane 
in this soil as determined by DTA, is consistent with 
other studies of Panamanian latosols in which allo- 
phane has been reported (Brown and Wolfschoon, 
1960; Martini, 1970). 

Free silica and alumina composition 
The percentages of free silica and alumina as 

determined by selective dissolution of the several 
soil fractions are presented in Table 1. These 
percentages confirm the results of the mineralog- 
ical analyses, in that considerable quantities of 
amorphous material, are present in this latosolic 
soil. Generally, latosolic soil is considered to be 
low in free silica and relatively inactive chemically. 
However, the presence of amorphous materials 
undoubtedly contributes greatly to the chemical 
behavior of this soil. High pH-dependent-cation- 
exchange-capacities, high water retention capabil- 
ities and large specific surfaces are characteristic 
of amorphous colloids. 

Kaolinite composition 
The approximate percentages of kaolin present 

in the various fractions of the soil are listed in 
Table 2. Approximate percentages are listed, 
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Fig. 2. DTA thermogram of the untreated and sesquioxide free combined silt and clay fractions of a 
Panamanian latosol (Curundu, Panama Canal Zone). 

Table 1. Free amorphous SiO2 
and A12Oz percentages of the silt 
and clay fraction of a Panamanian 
latosol (Curundu, Panama Canal 

Zone) 

Soil SiO2 A120 
fraction (%) (%) 

Silt 8.6 3-5 
(50-2/x) 

Coarse clay 17.0 6-3 
(2-0.2/z) 

Fine clay 12.6 4-0 
(< 0.2/x) 

Table 2. Kaolin content of the silt and clay fractions of a 
Panamanian latosol (Curundu, Panama Canal Zone) based 
on the silica and alumina composition (Dixon and Jackson, 

1960) 

Based upon Based upon 
silica (SiOz) alumina (A1203) 
composition composition av. 

Soil fraction (%) (%) (%) 

Silt 41.6 38.6 40.1 
(50-2/x) 

Coarse clay 48.4 47.5 47.9 
(2-0.2#z) 

Fine clay 54.5 42-7 43.6 
(< 0.2/z) 

because the mineralogical analyses revealed that 
the kaolin is poorly crystalline and the formula 
weight of poorly crystallized kaolin may not be 
equal to that of well crystallized kaolin. 

The high percentage of kaolin, 40%, in the silt 
fraction suggests that cementation by amorphous 
silica and sesquioxides agglomerates the clay 
minerals into coarse particles. As expected, the 
percentage of kaolin increases as the soil fractions 
become finer. The close agreement between the 
kaolin percentages of the coarse clay fraction as 
determined from the silica and alumina composi- 
tion and the wide variation in the kaolin content as 
estimated from the silica and alumina composition 
indicates that the kaolin in the fine clay fraction is 
poorly crystalline and, therefore, inconsistent with 
the assumed combination ratios. The close agree- 
ment between the reported percentages of kaolin 
in the coarse clay fraction (based on the silica 
and alumina content) indicates a more well crystal- 
lized material. A comparison of the X-ray patterns 
of the coarse and fine clay fractions showed some- 
what greater peak intensities for the coarse clay 
fraction which also indicates a greater degree of 
crystallinity for the coarse clay. 

Higher percentages of silica than alumina were 
obtained in the dissolution analyses. These higher 
percentages suggest a condition of acid weathering 
whereby the alumina is removed and the silica 
remains (Note. pH of untreated soil is 5.1). Such 
conditions are consistent with finding cristobalite 
and chalcedony pebbles in the soil. 
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Grain size distribution Table 3. Cation exchange capacities (CEC) of the silt and 
A comparison between the grain size distribu- clay fraction of a Panamanian latosol (Curundu, Panama 

tion curves in Fig. 3 for untreated and sesquioxide- Canal Zone) before and after removal of sesquioxides 
free soil shows an increase in finer sizes after 
removal of the sesquioxides. This increase suggests 
that the soil in its natural state consists of clay- 
sized particles bonded into microdomains by 
sesquioxide and siliceous cementing agents. 
Similar results have been reported by Winterkorn 
(1951) and Pearring (1969) who showed increases 
in clay-sized fractions and corresponding decreases 
in sand and silt size fraction after removal of free 
iron oxides from latosolic soils. 

Scanning electron microscopy 
Scanning electron micrographs of untreated and 

sesquioxide-free soil are shown in Fig. 4a and b 
respectively. The granular flocculant clay micro- 
domains of the "natural"  soil are quite apparent in 
Fig. 4a. Contrasting with this aggregated structure 
is the platy structure of the sesquioxide-free soil. 
Jointly these two photomicrographs show the 
agglomerating effect of the sesquioxides. 

Cation exchange capacity 
The cation exchange capacities of the various 

soil fractions are presented in Table 3. Considering 
that this soil is of a latosolic nature the exchange 
values are somewhat higher than expected. 
Ferralitic soils contain kaolin clays which generally 

Untreated soil "Sesquioxide free soil" 
Soil fraction (meq/100 g) (meq/100 g) 

Silt 11-2 13.1 
(50-2~) 

Coarse clay 16.4 19.1 
(2-0.2/z) 

Fine clay 25.1 21.0 
(< 0.2/.0 

exhibit CEC values from 5.0 to 10 me/100 g 
(Cardosa, 1964). 

Although the soil in this study was not identified 
as a ferralitic soil the report  by Cardosa (1964) 
indicates that kaolin in tropical soils has a low CEC. 
The higher values of 11-2 me/100 g to 25.0 me/100 g, 
therefore, must be due in part to the amorphous 
constituents. Brown et al. (1960) obtained similar 
values for a Panamanian latosol containing 
amorphous colloids. 

The CEC values increase as the clay fractions 
become finer, the high CEC values measured in the 
silt fraction, which ordinarily should exhibit 
negligible exchange capacities, suggests that the 
amorphous silica and sesquioxides are responsible 
for the major portions of the exchange capacity. 
Although the silt fraction is known to contain 
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Fig. 3. Effect of sesquioxides on the particle size distribution of Panamanian latosol (Curundu, Panama Canal 
Zone). 
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microdomains of clay in silt sized particles, the 
sesquioxide cementing agents probably neutralize 
a substantial portion of the charge on these clays. 

Removal of the sesquioxides from the soil would 
be expected to, (a) increase the overall number of 
individual clay particles due to a breakdown of the 
aggregated clay clusters through loss of natural 
cementing agents, and (b) remove ionized iron and 
aluminum oxide from blocking positions on the 
surfaces of the clay particles. Both of these actions 
should contribute to an increase in the CEC of the 
soil. However,  the extraction procedure also alters 
the properties of the amorphous and crystalline 
materials and their contribution to the CEC values. 
Consequently, the extraction of the free iron and 
aluminum oxides can either enhance or diminish 
the CEC depending upon the clay minerals in- 
volved, the amount of cation exchange blockage, 
cementing by the sesquioxides (Davidtz and 
Sumner, 1965) and the percentage of amorphous 
colloids present. 

An examination of the CEC of the silt fraction 
reveals that no significant difference (~- -0-5)  in 
CEC is due to sesquioxide extraction. Apparent ly  
the presence of 40% (Table 2) of "cleaned" kaolin 
in the silt fraction through the removal of blocking 
and cementing agents is insufficient to counteract 
the alteration of amorphous materials and cause an 
increase in CEC. Sesquioxide extraction of the fine 
clay fraction probably contributes little to dis- 
aggregation of the cemented clay clusters. The 
increase in CEC of the coarse clay fraction could 
be due to the removal of iron and aluminum oxides 
from blocking positions on the surfaces of the clay 
minerals. However,  this contribution is not 
sufficient to offset the alteration of the amorphous 
constituents, which results in a significant (~ = 0.05) 
decrease in the CEC in the fine clay fraction upon 
sesquioxide extraction. This is interpreted to b 
due to alteration of amorphous constituents in an 
attempt to obtain "cleaned" clay particles. 

SUMMARY AND CONCLUSION 
The results of this investigation have revealed 

that the amorphous silica and sesquioxides of iron 
and aluminum greatly influence the properties of 
this latosol. These influences are summarized as 
follows: 

(1) X-ray diffraction analyses suggested the 
presence of sesquioxide coatings on the clay 
mineral surfaces. Removal of the free iron and 
aluminum oxides increased the diffraction peak 
intensities and exposed previously "masked"  
diffraction peaks. 

(2) The sesquioxides function as cementing 
agents and aggregate the clay minerals into silt 
sized particles. Extraction of  these sesquioxides 

increased the amounts of clay size particles and 
decreased the silt and sand sized particles. 

(3) Contrary to expectations, considerable 
quantities of free amorphous silica, possibly as a 
component of allophane, were present in the soil. 
Extraction of the free iron and aluminum by sodium 
di thioni te-ci t ra te-bicarbonate  procedures (Mehra 
and Jackson, 1960) altered the water retention 
capabilities and CEC of the remaining amorphous 
constituents. 

(4) The CEC of the soil fractions was dominated 
by the amorphous constituents since the sesqui- 
oxides probably occupy the exchange sites of the 
clay minerals. 

(5) The textural and structural characteristics of 
the soil can be greatly influenced by the amorphous 
constituents. 
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Fig. 4. Scanning electron micrographs (SEM) of the effect of sesquioxides on the arrangement of particles 
in the whole soil of a Panamanian latosol (Curundu, Panama Canal Zone). (4a) Upper portion untreated soil; 

(4b) Lower portion sesquioxide free soil. 
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R r s u m r - C e  travail est consacr6 /~ 1'rtude des effets que les constituants sesquioxydes exercent sur 
certaines proprirtrs minrralogiques et physicochimiques d'un latosol de Panama. 

Les latosols sont des sols caractrrisrs par de fortes concentrations en oxydes de fer et d'aluminium, 
et une absence grn~rale de silice libre et d'alcalino-terreux. 

La diffraction X a montr6 que des revbtements de sesquioxydes existent sur la surface des minrr- 
aux argileux. Au point de vue minrralogique le sol 6tait compos6 de kaolin, de minrraux amorphes, 
d'oxydes de fer et d'aluminium hydratrs, de silice libre, de grains de quartz et de magn6tite. Les 
rrsultats de I 'ATD suggrrent la prrsence de colloides amorphes dans le sol. Cette suggestion a 6t6 
confirm~e par la suite lors d'une analyse par dissolution srlective qui a r~vgl6 la prrsence inattendue de 
17% de silice amorphe dans la fraction granulomdtrique argile grossi~re. L'analyse granulom&rique 
et la microscopie ~lectronique ~ balayage ont montr6 que les minrraux argileux sont probablement 
agglom&rs par les sesquioxydes en petits grains de la taille du limon. Les valeurs obtenues pour la 
C.E.C. ont 6td attribures essentiellement aux colloides amorphes plutrt  qu'aux mindraux cristallisrs 
du fait que les sesquioxydes bloquent probablement en partie les sites d'rchange des argiles. 

L'61imination des oxydes de fer et d'aluminium par les mrthode dithionite-citrate-bicarbonate 
(Mehra et Jackson. 1960) a eu les consrquences suivantes: (a) affinement et r~vrlation de pies de 
diffraction X qui ~taient au prdalable "masqurs",  (b) drsagrrgation des agglomdrats d'argile ce qui 
produit une quantitg plus 61evre de particules de la dimension de l'argile, (c) modification de la capacit6 
d'rchange de cations (C.E.C.) et des caractdristiques de la rdtention d'eau pour les constituants du 
sol. 

Ce travail d6montre que la silice amorphe et les oxydes de fer et d'aluminium influencent notable- 
ment les propri6tes de ce latosol en recouvrant et agr6geant les mindraux argileux. Ces recouvrements 
de sesquioxydes font disparaitre les caract6ristiques du comportement ordinaire des min6raux argileux 
en place, et en consdquence, on observe pour le sol un comportement domin~ par les constituants 
amorphes. 

Kurzreferat- Es wurde eine U ntersuchung tier Wirkungen yon Sesquioxyd-bestandteiIen auf einige 
mineralogische und physikal isch-chemische Eigenschaften eines panamanischen Latosols durch- 
geftihrt. 

Latosole sind Brden, die durch eine hohe Konzentration yon Eisen- und Aluminiumoxyden sowie 
eine allgemeine Abwesenheit freier Kieselsiiure und Erdalkalien gekennzeichnet sind. 

Rrntgenbeugungsstudien ergaben, dass sich Sesquioxydbelage auf den Oberfl~ichen der Ton- 
minerale bafanden. Mineralogisch bestand der Boden aus Kaolin, emorphen Mineralen, hydratisierten 
Eisenund Aluminkumoxyden, freier Kieselsiiure, Quarzkrrnern und Magnetit. Die Ergebnisse der 
DTA Werte deuteten die Gegenwart amorpher Kolloide im Boden an. Dies wurde in der Folge bes- 
tiitigt durch selektive Lrsungsanalyse, die die unerwartete Anwesenhoit yon 17% amorpher Sikika 
in der groben Tongrrssefraktion aufzeigte. Korngrrssenanalyse und Untersuchungen mit dem 
Abtastelektronenmikroskop zeigten, dass die Tonminerale wahrscheinlich durch die Sesquioxyde 
zu Nestern yon Schlickgrrsse agglomeriert sind. Die erhaltenen CEC-Werte wurden in erster Linie 
amorphen Kolloiden eher als den kristallinen Tonmineralen zugeschrieben well die Sesquioxyde 
wahrscheinlich die Austauschstellen der Tone teilweise blockieren. 

Die Entfernung yon Eisen- und Aluminiumoxyden dutch Natrium-dithionit-Citrat-Bikarbonat 
Verfahren (Mehra und Jackson, 1960) hatte zur Folge (a) die Sch~iffung und Aufdeckung vorher 
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"maskierter" RiSntgenbeugungsspitzen; (b) Zerlegung der Tonnester  unter Bildung gr6sserer Mengen 
von Teilchen von TongriSsse, und (c) Ve~nderung  der Kationenaustauschleistung und des Wasser- 
festhaltens der Bodenbestandteile. 

Die Untersuchung ergab, dass amorphe Kiesels~iure sowie Eisen- und Aluminiumoxyde die Eigen- 
schaften dieses Latisols durch Beschichtung und Agglomerisierung der Tonminerale stark beein- 
flussen. Diese Sesquioxydbeschichtungen unterdriicken die normalen Kennzeichen der einheimischen 
Tonminerale und aus diesem Grund wird das beobacht te Verhalten des Bodens durch die amorphen 
Bestandteile dominiert. 

P e a l o M e -  Id3y~leHO B.rlH~IHHe OT,/~eJ]bHblX rlOHyTOpHblX O•rlC.qOB Ha HeKOTOpMe Mmaepa.rlorH,-lecKHe 
qbH3VlKO-XaMHqeCKrie CBOflCTBa YlaTo30J~efi l-IaHaMbl, f laTo3OJlH-  rIOqBbI C BblCOKHM c021ep~aHHeM 
o r H c n o a  >re~e3a H aHtOMHHHS, O6blqHO He collep~amne cao6011Horo KpeMHe3eMa n LUe~o~nb~X 
3eMe-~b. PeHTreHOBCKOe H3ytleHne noKaBa•o, qTO Ha noaepxnocTa FHHHHCTbIX qaCTHH HMelOTC~I 
n~eHra nOHyTOpH~,lX OKaC~OB. H3yqenH~,]e nO'~abI COCTO~IT tt3 KaOHHHa, aMopdpHblX MriHepa.qOB, 
rn~paTnpoBaHm,]x OKHCHOB ~e~e3a ri a.~OMnH14fl, CBO60~HOrO KpeMHe3eMa, 3epeH KBapt~a, MarHeT14Ta. 
~anH~,le )2TA yKaa~,maroT Ha npHcyTCTBHe B no~aax aMopd~HblX rO.rLqOrlj1OB. 3TO no~aTaep>r~taercn 
npaMeHeHneM MeTO~t~Krl ceneKTaaHoro pacTaopenri~; HeO~HaaHHbIr*l o~aBanocb HaHaane H rpy60~ 
rHrmHCTOfi d~paKunrt 1 7 ~  aMopqbnoro SiO2. MexaHrl,~ecKri~ aHanri3 n nprIMeneH~te cKaHHpyrou2ero 
~)HeKTpOHHOFO MHKpOCl(OI/a nora3a.rm, qTO F.rlI:IHHCTble M~IHepam, L BepO$1THO, clIeMeHTHpOBaHbI I'IOHy- 
TOpHblMH OgHCHaMH B arperaTbi, pa3Mep KOTOpblX xaparTepeH ~Ifl~ qaCTHtt CI'IHTa. OHpe~eHeHHble 
eM~OCTH O6MeHa KaTHOrIOB ci~opee cHe~1yeT nprfnrlCaTb aMopqbHb[M KO~OH21aM, ~eM gp14cTa~H14- 
tleCKHM I'HHHHCTblM MltHepa~aM, TaK ~ar no:tyTOpHb~e O~HCHbl, aepoflTHO, qaCTHqHO, 6HO~rIpoBa~rl 
O6MeHHb~e r~o3rtt~r114 FYlHHHCTblX M~14epa~OB. 

~aa~eHrie OKHC~OH ~eae3a n a~rOMaHHa C rlOMOIRbrO HaTpHeaoro ~HTrmHnT-tmTpaT-6rirap6oHaT- 
uoro  pacTBopa (MeTOai~a Mrtpa a ~ e ~ c o H a ;  1960) npHaeao ~: (a) B~,InB~eumo cTaBmrlx 60~ee 
'~eTgHMH (paHee <~3aMaoc-~pOBaHHbIX>>) ~vtqbparuriOHHb~X nHrOB; (6) ~le3arperattHrt CKon~eHH~ 
FYlI,~I~ICTbIX qaCTHtt C rlOBbIIIlerlHeM KOHH~IeCTBa qaCTHt~ r~IHHHCTO~I qbpaI~ttHrt; (B) H3MeHeHHIO eMKOCTH 
KaTHOHHOrO O6MeHa H CHOCO6HOCTH KOM~OHe14TOB IIOtlBI~I y~ep~nBaTb a~ary. ~o~a3ano 60~bi.t~oe 
H~n~lnHe aMopqbHOrO rpeMHe3eMa ~t O~HC~OB ~eHe3a r~ a.rIIOMHHI, Lq Ha CBOI'~CTBa H3yaeHHbIX Y~aTo30~ei~ 
BC.rle//CTBHe 06pa30BaHnJ~ HY/eHOK 14 arperHpoBanH~ tlaCTHll r.rlHHriCTblX MHHepaHOB. I'IYIeHKH IIOYly- 
TOpHblX OKHC.rIOB I/O~aB~n~OT a~4m~rie Ha Oco6eHHOCTI~ lIORBbI F.rIHHHCTblX ManepanoB H, ~a~ 
c.rIe~CTHne 3TOrO, CBOHCTBa IIOqBbI ortpe~eH~tOTC~l ee aMopt~Hb~Mn COCTaBHblMkl tlaCTflMrI. 
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