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SYNOPSIS

The —1 micron portion of several diversified soils were separated by sedimen-
tary fractionation Physical properties were evaluated on the —1 micron portion,
the +1 micron portion, and on the original —40 sample. The —1 micron portion
was analyzed for clay mineral identity by X-ray diffraction, and analyzed chem-
1cally for associated materials such as the oxides of Iron, Aluminum, Calcium,

and Magnesium.

These data present several possibilities and trends as to the inter-dependency
of the involved variables. Other considerations have been devoted to the geologic
origin of several samples and to various physico-chemical relationships

Each component or ingredient n a natural
soll mixture embraces a series of varables of
a physical and chemzeal nature. Combinations,
erther natural or synthetic, of these ingredients
accordingly involve a multitude of variables
which may contribute i part or in whole to the
resultant physical properties of a soil

The physico-chemical phenomens associated
with soil colloids and near-colloids have been
under exploration by investigators since the
discovery of the crystalline nature of soil col-
loids by Hendricks and Fry (1)' m 1930. Al-
though cation exchange in soil colloids had
been observed as early as 1850 by both Thomp-
son (2) and Way (3), the work was generally
predicated on the misconception that soil
colloids were of the character of hydro-gels of
sihieic acid, and of oxides of iron, and alumi-
num The results of this early work are now
manifest in modern concepts of clay mineralogy
and associated cation exchange. The problem
of ascribing properties beyond a definite
crystalline structure to an unknown eclay is,
even today, a laborious and tedious task com-
phicated by isomorphic replacements and un-
certamnty as to the purty of the specimen
under study. However, 1t has been shown by
recent mvestigators (4) that clays which were
once described under various names are ac-
tually isomorphs of one of the mineralogical
“families” of clays These families are charac-
tenized by discrete ranges with respect to cation
exchange capacity, height of the umt cell as
determined by X-ray diffraction, silica-sesqui-

1 Jtalhicized figures 1n parentheses refer to
the hst of references at the and of the paper

oxide ratios as determined by chemical analy-
ses, and their accomodation for water. Of these
families, the names Kaolmte, Ilite, and
Montmorillonite have been widely accepted
and applied to those most frequently associ-
ated with soils.

These clay munerals represent only one por-
tion of soils, and 1n any study attempting to
define the physical or engineering properties
of soil, it is necessary to examine all constitu-
ents and variables, both individually and col-
lectively. There must be at least one of these
variables which can be held accountable for
the difference in physical properties of any
two random samples Further, by exhaustive
analysis of all constituents, 1t should be possi-
ble to determine the relative dependencies of
these variables on the resultant physical
properties. Only by a thorough understanding
of these mechamsms will it ever be possible to
prescribe the most favorable stabihizing treat-
ment for soll categories

These problems have been under study in
Kentucky for two years The first report (5)
on this work was presented at the 28th An-
nual Meeting of the Highway Research Board
in 1948. That report described in detal a
fundamental method of investigation and a
hmited tabulation of data During the past
year the method of mvestigation was modified
in favor of simpheity and adaptability to
survey work Results reported previously in-
dicated the possibihty of soils derived from
Ordivician formations in Kentucky bemg
characterized by containing only Illite as
the clay mineral ingredient. Kelley (6) in-
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dicates that even the random occurrence of &
single clay mineral in a soil is not only rare,
but highly improbable. The possibility of such
occurrence has been further investigated and
reported in this paper.

Endell, Loos, and Breth (7) prepared syn-
thetic mixtures of clays and quartz sand which
demonstrated the effect not only in percentage
of clay present but of differences in type of
clay plus the effect of the exchangeable cation
in the clay with respect to the Atterberg
Limits. It was shown that by increasing the
clay content, an increase in the Atterberg
Limits resulted, but the increase was not
linear. These results were obtained from the
use of relatively pure clays, whereas soil col-
loids are generally mixtures of clays or of a
clay and other colloidal materals.

Were soils composed of inert granular mate-
rial and a pure clay, positive correlation could
most certainly be obtained, as in the experi-
ment by Endell, et al.; however, in natural soils,
such variables as mixtures of clays, organic
impurities, soluble salts and colloidal sesqui-
oxides, variations in gradation, silicic acid gels,
and cation exchange introduce multiple com-
plexities. Further, with respect to the ex-
changeable cations, it cannot be stated with
certainty that a clay contains only one type of
cation even in a relatively concentrated en-
vironment of any single cation. Although the
equilibrium may be shifted, in complex colloids
of soils the assumption of complete replace-
ment must be treated with caution.

The purpose of this study was to make an
objective investigation of these colloidal con-
stituents and therr effect upon the engineering
properties of soils through analyses for clay
mineral content and identification of the
mineral suite, analyses for associated sesqui-
oxides and other so-called impurities, and by
the performance of physical tests on the com-
posite soil spectes as well as on the ndividual
fractions

MATERIALS AND PROCEDURES

Thirty-two of the soils were selected from
samples obtained m a study of the pumping
action of ngid pavements in Kentucky (8).
These samples were selected on the basis of
variety of physical characteristics and geologie
distribution. In addition 16 miscellaneous
gamples of unknown origin, all but two of
which represented unusual features inother
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states and some foreign countries, were in-
cluded.

Because of limitations in the amount of soil
available, no attempt was made to determine
physical characteristics other than the Atter-
berg Limits of the sixteen special soils. Results
of classification tests on the 32 Kentucky soils
are tabulated in Table 1.

Recovery of —1 micron Fraction. Two hundred
to five hundred grams of soil passing the
No. 40 sieve were taken as a sample from
which the —1 micron fraction was extracted
by gravity separation as described in the previ-
ous report on “Separation Fractionation and
Mineralogy of Clays in Soils.”? The -1
micron material was recovered from the ac-
cumulated suspension by precipitation with
sodium chloride. The amount of this salt
added was just enough to bring about com-
plete flocculation and precipitation in 24
hours.! The —1 micron material was recovered
after precipitation by decantation and dried
by evaporation under mild heat and air. On
drying, the soil had occluded salt crystallized
on the surface, but this could be washed away
without disturbing the material. This dred
material was pulverized in a mortar to pass
the No. 200 sieve.

Sodium chloride was selected as the pre-
cipitating agent in view of its relative inability
to replace natural cations other than potas-
sium and lithium. The actual effect of the
NaCl on the natural cations 18 not definitely
known, and it is not known whether the con-
centration of Na+ necessary to bring about
precipitation is in excess of the concentration
necessary to produce appreciable shift in the
replacement equilibrium of the natural cation
whether monovalent or divalent. In any case,
it must be conceded that the possibility of al-
teration of the natural clay is very high, and
it may be further stated that any otherelec-
trolyte used would produce a similar alteration
unless the natural cation were identifiable in

2 See Proceedings—Highway Research Board,
Vol 28, p 470 (1948).

3 Some soils required considerably more salt
than others, yet in most cases the supernatant
liquid rarely tasted salty. It was also observed
that many soils which were initially reluctant
to go 1nto suspension, invariably entered into
suspension after several successive washings
with distilled water.
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advance and the electrolyte to be added were
& soluble salt of the same cation.

Kelley, (6) in a discussion of the effect of
NaCl saturation on a clay, indicates that Na*
saturated soils tend to be more impermeable
than Cat++ saturated soils; whereas, Ca*++
saturated soils tend to be more granular due
to the binding together of the clay particles.
Na+ soils are more dispersed He also infers
that when large numbers of soils are compared,
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was the case, the NaCl altered the electrolytic
condition of the suspending medium without
replacing the exchangeable cation of the clay.

Chemical Analysis. After essentially all of the
material —1 micron in size had been separated
from the —40 soil, a 0 5 g. sample of the —1
micron material was extracted with dilute
HCl with mild heat and the extract analyzed
gravimetneally for R:0,, CaO and MgO.

TABLE 1
PHYSICAL PROPERTIES OF 32 KENTUCKY BSOILS
Proctor
Gradation Atterburg Linuts Compsaction
Highw
sﬁ‘:g_‘ Sieve Hydrometer Optr- z’:ﬁc
ber % =5 po Liqud | Plastic Plllt;l- Shrink- fum Man- |Gravity a B i n
o —5n -1a Lamit | Limu al age o1s- | mum assifi
% =40 t ex | Limit | ture |Density
Natural| —40* [Natural | —40® ontent
212 08 24 4.5 14 143 29 20 13 26 158 |111 4 268 A-4(8
213 87 60 685 40 450 64 25 39 169 26 0 98 2 276 A-7-8(20)
38 38 18 48 5 10 298 27 a1 ] 200 168 | 108 6 24 A-2-4(0)
236 100 29 290 14 140 30 23 7 21 175 | 108 9 266 -4(8
98 86 67 8 33 326 ] 33 35 186 270 09 268 A-7-5(20)
39 18 48 0 10 26.0 39 20 19 128 178 | 111 2 272 A-2-6(1)
247 89 50 56 3 24 270 33 20 13 11 2 181 | 109 2 272 A-6(8)
27 94 51 56 0 30 328 50 2% 26 193 242 05.4 269 A-7-6(16
274 83 48 58 0 32 38 8 52 <] 29 189 223 [101.4 2,75 A-7-6(18
289 04 58 616 25 206 52 28 24 16 8 21 4 99 7 275 A-7-8(18
297 95 87 40 0 15 179 25 14 9 22.7 142 11158 68 A4
300 87 21 21.7 10 111 21 16 5 10.4 128 1169 ] A4(8)
301 63 36 408 16 1 31 19 11 261 156 [1145 .69 A-6(4
302 82 26 32.1 11 130 32 2n 7 174 148 [1150 .70 A-4(6
305 80 2 234 10 12 2 a5 20 5 21 142 | 115.0 .69 A4
310 64 18 285 ] 64 23 17 8 199 128 | 1178 .78 A-4(1
837 52 20 39 2 8 16 4 30 2 10 20 151 | 110.0 .63 A-6(2
341 84 48 578 17 193 44 28 16 19 4 211 }104.1 2 76 A-7-6(11)
350 87 51 5 2 22 2538 37 2 15 180 182 | 107,9 2.76 A-8(1
359 76 36 473 18 210 37 21 16 18 4 173 | 1008 71 A-6(10,
377 63 25 397 9 143 40 20 20 170 1485 (1083 71 A-8(8)
383 it 28 38 4 15 2086 38 -] 13 180 156 | 1088 73 A-8
383 78 31 40 2 13 169 29 18 11 171 171 | 110 4 (] A-8(7
388 45 15 33 4 89 U 13 8 17 2 124 | 118.0 [ ] A-2-4(0)
389 92 36 406 10 121 81 19 12 20 1 18.8 | 108 2 .69 ~8(9
390 63 38 603 10 178 3 % 38 197 270 95.8 72 A-7-8(18)
301 78 40 5138 25 39 42 19 23 27 4 Us 98 6 70 A-7-6(12)
892 87 2] 403 10 178 38 16 22 189 17.0 97 4 68 A- G;
304 78 34 40 20 238 82 % 10 180 177 | 1109 74 A-4
398 a1 25 400 10 16.6 32 % 8 25 0 176 | 1053 67 A-4
308 49 16 32.7 9 143 ] 9 250 70 A7
410 78 38 478 17 200 35 20 15 24 19.4 [ 1052 2.72 A-6(8)

8 Refers to percentage of total material passing 40 mesh sieve (so1l mortar)

the correlation between percentage of Na*
saturation and physical properties is often
found to be poor. It can be shown by the data
in Table 2 that in each sample of the -1
micron fraction, almost without exception, a
sufficient amount of Ca++ and Mg*t was
present, to satisfy the adsorbed cation capacity.
In that connection, it is possible that the NaCl
served primarily to reduce the Zeta-potential
of the double layer (9) and consequently to
reducethe hydration of the adsorbed cation,
thus bringing about coagulation without in-
volving appreciable cation exchange. If that

Volumetric determinations for Fe,0: were
made by reduction of the iron withstannous
chloride and titrating with KMnQ, solution.
The percentage of Al;O, was estimated by
subtracting the percentage of titrable Fe.O,
from the percentage of R,0;. Aliquot portions
of the extract are being held in reserve for
determinations of Nat and K+, and it is not
possible to present those data in this report.
The residues from the extractions were
dried and weighed. These results are reported
m Table 2 as “Approximate Percentage Clay
by Extraction.” The sums of all the determina-
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tions subtracted from 100 percent is also re-
ported in Table 2 as the “Approximate Per-
centage Other Material ”’ Attempts were made
to estimate the amount of organic material

SOILS

That, of course, is very indicative of organic
impurities. Only after treatment with 30-per-
cent H,0, was 1t possible to obtain clear pat-
terns, indicating that the extraction of the

TABLE 2
RESULTS OF CHEMICAL AND MINERALOGICAL ANALYSES ON THE —1 MICRON FRACTIONS
Mneralogical
Chemical Analysis % by weight Calculated Ratios and Equivalents Analysis (X-Ray
Diffraction)
Sample m eq 100 | m. eq_100 Approximate
Numl Clb‘;" Other® sm. —lu | gm %ll.y lyeroenuge
AlsO; | FerOn | RiOs | CoO | MgO | E3- [Mater. |22.2280 | % ReOx
trac- | 1als | % Ca0|% Clay Kao- Mont-
tion Catt | Mg**| Ca*+ | Mg**| Ln- | Hllite | moril-
ite lomte
212 600113017 30 Mi217; 79 59| 231 220 u | 212 43 | 269 40 60
213 118 624 |18 10 74 78 716 243 7 36 10 90
238 156| 280 |436({103|046) 58 | 3610 43 075 39 45 .74 78 | 100
236 1564 | 846 (24101106162 50 2322} 153 482 38 | 188 76 | 316 40 40 20
238 460) 7481208 |1 54 66 | 20 38 .183 51 77 100
243 260 783[10431178 38 |49 79 285 63 166 100
247 1320f 778 [21001660{132) 60 | 1.08 .08 350 | 593 | 128 | 990 | 214 100
m 1890 3322220156033 A1 56 32 40 60
274 520| 1108 1727 |1241087| 60 | 2062 .70 200 46 85 75 | 141 40 60
289 848) 6721520 | 104 |2 44| 74 73| 235 205 37 | 288 50 | 322 100
297 380 318|698 (146|062 | 93 0 00 43 076 52 [} 57 66 40 60 b
300 727 214)|941|070/089| 28 {6100 127 836 25 87 89 | 310 70 30
301 1082 4181500 |2 14 7 650 50
302 720| 46011 80 76 56 |31 4 211 27 48 50 50
305 1130 (137012500 |398 |072] 76 000} 018 142 189 93 50 50
310 1202 | 58841700128 | 117 ] 70 905| 091 2 46 | 114 66 | 163 50 50
337 3 380[7427{132|063| 70 |2063| 048 108 47 61 67 87 80 20
341 2830 | 497133301150 |220| 36 |1740] 016 410 {214 |1150 100
350 1179| 51116001148 |181| 83 000 1.22 53 |17 64 | 214 100
350 1028 | 324 |13 50 52(20| 7 495| 390 171 19 | 119 24 | 151 100
377 1660 | 9652620 220({204| 49 | 20 56 93 535 79 | 1190 | 161 | 242 100
382 1327 | 483 /1810 46 |174| 768 370| 378 238 17 90 22 | 118 80 20
383 1624 | 716 40 94 170 | 31 |4296| 181 785 34 | 166 | 110 | 534 30 70
386 036| 570 606|104 08| 30 | 6383 08 202 37 8 |123 27 60 40
389 1100| 768[1870 88 /056 | 60 |1986] 064 312 32 54 90 50 50
300 112/110101122 164068 | 85 (3156 035 204 59 58 | 107 | 100 50 50 b
391 436 | 452|888 | 581074 4180 | 128 21 72 50 50
302 1490 | 796 (22 90 42122 | 72 242 | 538 818 15 | 221 21 | 308 30 70
394 950| 746 (17 00 50 |142| 82 000 | 284 207 18 | 139 22 | 170 40 60
395 1230 | 734 |19 64 74 70 72 6 96 85 272 27 69 38 96 50 50
398 362 312|674 |124|017| 24 [6786| 014 280 45 16 | 187 87
410 168) 3312|480 (118 64| 70 |23 38 .54 .088 43 62 60 89 50 50 b
D-59 6277 137|7641124(410| 66 [2102 331 113 45 | 400 68 | 605
21 18 19 71 |22 90 98| 034 | 66 978 35 347 35 34 53 52 3336| 3314| 3336
48-B | 16 40 58 |26 00 50116 | 53 |1034| 232 491 18 | 114 84 | 215 50 50
P-4 9 66 576 1542 (020 | 243 ) 48 [ 2495| 028 321 | 329 | 236 | 685 | 400
H-104 29 10 38 13250/030|058| 68 062| 193 492 11 56 16 85 80 40
F-39 20 70 94 60]1641130| 16 | 58 37 85 413 59 | 136 | 369 | 850 100
Fa7 1360{ 701 |20 60 71|110| 72 550 15 286 26 | 107 308 | 148 100
D-153-1| 320 412|732{361|042| 90 0 00 12 081 | 108 42 | 120 47 100 b
B-144-C| 21 20 82[2300|176 (611 | 5 |(2013{ 804 460 27 | 598 54 (1190 10 20
B-30 5 92 201212 |128/193) 56 |2668| 180 216 |, 46 | 187 82 | 334 40 60
B-3-C 910 32(1542)150(210] 54 (2700 140 286 54 100 | 218
78-A 12 30 89 |19 20 58114 62 |1708}% 107 310 21 j110 34 | 178 50 50
1.A-B 920 98 (1518 | 2 88 17 | 64 94 .808 | 103 606 10 90
50 6 49 80 |18381102|139]| 72 721§ 138 .2 37 {136 51 | 189 100
28 187] 225|412 1483|222 42 (4713 049 0 | 162 | 216 | 388 | 518 100 b
18 1180 | 4901640 )1.32 248 | 54 | 25680 | 1.87 304 47 | 242 87 | 450 100

3A te tages calculated
> Indication of Quarts

remaining in the residue from the extraction
by further extraction with organic solvents,
and in several instances appreciable quantities
could be recovered by evaporating the solvent
from the extract; but after extraction by this
method, it was not possible to obtain clear
X-ray diffraction patterns on the residue.

organic materials by solvents was by no means
complete.

Mineralogical Analysis. After extraction by
HCI and organic solvents followed by treat-
ment with H;0, to oxidize the remaming or-
ganic materal, X-ray diffraction patterns weré
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made on the purified residue from each sample.
These patterns were used for identification of
the clay mineral groups present. Samples of
one clay identified as an Illite-Kaolhnite mix-
ture by X-ray diffraction methods were ana-
lyzed by the differential-thermal method.

Physical Tests. Physical characteristics were
defined mainly by the Atterberg Limits on the
composite —40 sample, the —40 to +1
micron fraction, and the —1 micron fraction.
In some cases an msufficient quantity of
sample made 1t necessary to omit some of the
limit tests. Sieve and hydrometer analyses and
Atterberg hmits tests on the —40 maternal
had been made in previous investigations per-
taming to the 32 Kentucky soils None of the
16 special samples was tested for grain-size
distribution; therefore, in any of the graphical
presentations of results involving percentages
of material finer than certain size, these 16
samples are not represented. The same is true,
of course, for any particular relationship in-
volving any sample when one of the tests for
that relationship was necessarily omitted be-
cause of msufficient material.

RESULTS AND ANALYSES

Essentially all of the pertinent data resulting
from these tests and analyses are shown m
Table 1 through Table 3. Graphical presenta-
tions of the data are supplemented 1n many
instances by statistical evaluations of the re-
sulting relationships. Only those relationships
worthy of discussion are considered in this
report.

Natural Sml —/40. Relationships 1esulting from
physical tests on the soils finer than the 40-
mesh sieve were not unusual with respect to
the amounts of matenal finer than 5 microns;
nor was there any sigmficant effect of the type
of clay mimneral. This is demonstrated in
Figure 1 where 1t 15 indicated that the liqud
limat increases in a manner exceeding a direct
proportionality with increases i the per-
centages of —5 micron material Both this and
the relation shown in Figure 2 conform gen-
erally with accepted and established concepts
of the influences from these fine portions of
the soil mortar However, the significance of
extrapolation of the curves back to the ordinate
intercepts or origin should not be overlooked.
In the case of Figure 1, it 1s indicated that, of
the percentage of —5 micron matenal is
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reduced to zero, the average soil would be ex-
pected to have a hquid limit of zero; and the
possibibity for variation from this trend 1s
hmited by the grouping of the plotted points
as well as by the average conditions repre-
sented by the curve When Figure 2 is con-
sidered in the same light, on the extrapolation

TABLE 3
PHYBICAL PROPERTIES OF FRACTIONS
Sam gl:T 1 Micron 40 to 41 Micron
Num
LL |PL |PL|SL |LL |PL |PL]|SL.
213 53 5 20 4 250
213 1002278 |624|205|204[130134/160
235 572|207127656]1240
236 11030206 ;734|110
238 |852(319(533]/230(363|228|135{288
243 4111202200137
247 819340470350
271 (9581309 (649|100(309|261| 48/230
274 (10001328 (672|245
289 |8821285 (597220333 |266] 67/]220
207 |341|189 152|187
300 (367 )|2083 159300
301 |706 (30484911210
302 25 1 4“2
305 51 27 24 3
310 236 278
= |2
350 [685/307 (378|268 |324/208| 61/2860
859 1762|3097/ 452 |44 6
877 379 196|240 (181 59100
383 |710(389(321)268
383 8103388471240
386 18 8 46
389 |756)3163/ 4371281
30 [702{306|486| 95(200|175| 235/170
3] [|822|356 466220
802 [975(347 (628230268183 | 75/210
804 34 4 283
305 331 43 4
308 230 379
410 |440{250|190}247 210
D50 [68514063/1890 (220
21 374 17 6
48-B (1240|483 {757 | 15.0
P-4 342
H-104 | 672 13741208240
F-39 52438 216161
F37 |874{8115/062|240
D-153-1 | 618201 (224 | 80
B-144-C | 683 1343 (340|234
B30 |804 528 (|276]201
B-3-C
78-A |850138303]5291 40
1-A-B | 81 8|26 45/ 558 ;23 0
50 7503467412 | 155
28 (963 |311]652{170
18 452

of the curve to the intercept, a certain value
for the liquid limit is retained after the amount
of —1 micron material is reduced to zero.
Perhaps the most significant feature result-
ing from these and sumilar plots relative to
other properties 1s the absence of any charac-
tenistic which can be consistently ascribed to
the nfluence of clay minerals. The highly
Kaolmitic clays usually have lower values of
plasticity, but mixtures of Ilite and Kaolinite
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exhibit random distribution which cannot be
held to account by any of the information ob-
tained thus far. It must be considered, how-
ever, that these influences in certain natural
soils may be obscured by other varables such

SOILS

capacity factor, intensity representing the
reactivity of the ingredient and capacity
representing the amount of material contribut-
ing, all of which must be evaluated by dif-
ferentiation of the individual components.

UL

LiquIp %:MIT -40 i
PER GENT -3 MICRON MATERIAL

_a__a___s__L
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80 g [ ¢ ]
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Figure 1

L

LIQUID LIMIT —40

11
vs
1 MICRON MATERIAL

“r PER GENT-
]

| l ixe27e l

PR CENT 1 MIGRON MATERIAL
8 8 8

as sorting and the so-called contaminating
ingredients, and that the physical properties
shown are, 1n fact, summations of all influ-
ences In a general way, the influences of any
particular component should probably be de-
seribed 1n terms of an intensity factor and a

33 40 [1]
LIOUID LIMIT -40

Figure 2

—40 to + 1 micron Fraction. That part of the
soil betwen the 40-mesh sieve and 1 mtcron in
size was generally more erratic than thesoil
as a whole, msofar as relationships between
different physical properties are concerned.
The limited number of tests performed on
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this size material does not permitextensive
evaluation of any individual property, but
from general inspection of the limits for this
size-range in Table 3 as compared to the
equivalent values for the —40 soil in Table 1,
it must be concluded that the manifestations
of plasticity have been all but eliminated by
the extraction of the —1 micron fraction. This,
of course, does not imply that plasticity of a
soil can be explained by such a simple observa-
tion as this, but it does emphasize the de-
pendency of granular soils—and even soil mor-
tars— on the colloid and near-colloid sizes for
its plastic qualities.
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cally in Figure 3. A statistical test of these data
yields a relationship of 0.940 for Pearson’s
linear correlation coefficient, whereas a coef-
ficient of umty would indicate a perfect linear
correlation between the two variables.

The relationship between liquid limit and
plastic hmit shown in Figure 4, is a matter
of further interest and should probably be
considered the more fundamental relationship.
The inference made here may be better under-
stood from consideration of the proportionality
between lquid limit and plastic limit up
through values of approximately 65 percent
and 32 percent respectively; and then, the

T T Ll { T T T T
s [ uouin LIMIT =1 MIGRON
PLASTICITY INDEX =1 MIGAQH
" -
T
X 6
:
30
g
t 40|
8
£
<
3
20

B T e T T T

72 -] 96 108 120 132

euio Lrar =1 MICRON
Figure 3

In all but two of eight cases represented, the
Lquid limit, plastic imit and shrinkage limit
were nearly equal, and in those two cases the
amount of material finer than the 5 micron
size was unusually large

—1 micron Fraction. When the —1 micron
fraction 18 separated from the coarser material
of the natural soil, the properties of these col-
loidal plasticizers may be tested independently
of the coarser matenals. Also, by virtue of
greater homogeneity with respect to size, the
relationships between the Atterberg limits
may be defined more precisely. All the results
from physical tests on this fraction are re-
ported in Table 3.

The resulting relationship between hquid
limit and plasticity index 1s llustrated graphi-

absence of any further increase in plastic limit
for further increase in hiquid limit. In view of
these considerations the plot of liquid limit
versus plasticity Index (Fig. 3) in the lower
range describes the proportionality mentioned
while in the upper range it is essentially a de-
scription of the lhquid limit plotted against
itself, the abscissa being measured liquid limit
values and the ordinate being values of liqud
limit after subtraction of the relatively con-
stant plastic Limit.

It may be noted that samples D59, B30, and
48B had exceptionally high plastic limits—
around 50 percent—which might be expected
for a Na-Montmorillonite; but by X-ray dif-
fraction analysis, B30 and 48B were shown to
be Ilite-Kaolnite mixtures There are no sig-
nificant features shown in Table 2 by which
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to explain these high plastic limits; however,
some features not considered (such as organic
matter) could possibly acecount for the dis-
crepancies.

Components of —1 micron Fraction The pre-
ceding discussions have been devoted to the
physical properties of the soils and their size
fractions in order to emphasize the influence
of the collod and near-colloid materials.
There was further differentiation of the —1
micron fraction by mineralogical and chemical
analyses. The results of these analyses are
listed in Table 2.

SOILS

The mere existance of this unknown indicates
the necessity for more exhaustive analyses.
As previously stated, considerable amounts of
organic material, presumably capable of
saponification, were obviously associated with
the fine fractions of some soils, but means were
not available to analyze for 1t quantitatively.

Probably the most significant relation re-
sulting from comparison of these data with the
physical properties of the —1 mucron fraction
is manifest 1n a tendency for the liquid limit
and plasticity index to increase as the per-
centages of either R4Q,, or Fe,O; increased.
These characterisics are illustrated graphically

o [T 112 ] |
I j x a830
LIQUID LIH'I;I"I MICRON 1
PLASTIC LIMIT-] MICRON
§ Vageos ~ | T | |
® 4 1008 30
HY p-1saopix 5001 a7 oix 392
- o 78 A
L oK 389 )
bs. Sl{ o350 $ AN o ::. &% oun 238
< eIK213
o OIRI"A B
&
2
29
15
' 5o oo Tie Tt

€0
LIGUID LIMIT =1 MICRON

Figure 4

To consider the problem here in a general
way, clays in sois may be hkened unto filter—
media which tend to retam various contami-
nating materials through the nfiltration of
water. Further they tend to retain adsorbed
surface materials These ingredients may func-
tion in many cases to alter the physical
properties of the mass beyond the hmits
accountable by physical properties of the clay
munerals alone The analytical results in Table
2 demonstrate variations in some of these
associated materials as well as the mineralogy
of the clay ingredients

It is apparent that determinations of
Fe,0;, Al,0;, MgO, and CaO plus the clay
residue, in most cases, do not suffice to de-
scribe all the ingredients present. As a result
of this, the unknown quantity was calculated
and designated as “Percent Other Material.”

m Figures 5 through 8. The resulting tend-
encies must be considered as more than a
random occurrence; but for the present, ex-
planation of the actual mechamsm produeing
the relationships can be made only by specu-
lation.

It 18 very probable thatiron and alumina are
reduced by nature to colloidal sizes, and such
an admixture in soll—merely by virtue of its
size—would exert an influence on properties
of s sol. In addition, oxides of iron and
aluminum tend to form hydroxide-gels, de-
pending on the prevailing acid or alkalne
conditions, and 1t 15 conceivable that these
oxides may be transformed from a sold or
soluble salt to a gelatinous state simply by
dilution The transition would also be ex-
pected to be revermble. For this reason, the
possibility of the existence of these hydro-gels
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of iron and aluminum is of no minor concern. minerals have been found and it appears to be
Such a factor should be considered in any the exception for a single clay mineral to be in

attempt to evaluate the properties of soil
colloids where iron and alumina appear as

accessory ingredients to clays.

existence 1n a soil.

Attempts have been made to show that the
mode of origin of a soil or its parent materia
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Figure 6

Clay Mineralogy and its Areal Aspecis. Fifty-
four different Kentucky soils have been ana-
lyzed for their clay minerals. These samples
were chosen to represent a spread geographi-
cally, geologically, topographically and peda-
logically. Diverse combinations of clay

has a tendency to produce a characteristic
clay mmeral. Thus far, only the soils in the
Blue Grass Region of Kentucky—derived
principally from Ordovician limestone and
shale formations—have borne this out Sixteen
soils from this region all contained Illite ex-
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clusively, and only one other soil sample
analyzed showed this feature. However, soils
derived from younger formations have shown
no tendency to be characterized by clay
minerals. It can be shown that the Blue Grass

Efforts were made to detect possible areal
variations of iron, aluminum, calcium and
magnesium oxides that were determined. Iron
and calcium oxide content was shown to be
relatively constant imn the Blue Grass Area
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Region contains no exclusive features other
than age of formations and thewr structural
aspects. Although general geologic regions of
Kentucky have not been covered completely,
there is evidence suggesting a umque situation
in the Blue Grass area.

but varied without regard to any known
aspects outside this region.

No soil-area differentiated pedalogically,
showed exclusive clay mineral content but
this aspect was not explored with the detail
thought necessary. Future work might well
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include a more specific analysis of this type.
These observations are in anticipation of
substantiating data, but are nevertheless in-
teresting points worthy of discussion.
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