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SUMMARY

This research project, utilizing-x=ray difffaction techniques,
ﬁas initially established to develop a routine procedure for
jdentification of the common minerals found in soils, especially
clay minerals, The project has been‘broadened‘to include identi-
fication of minerals and their altered products found in aggregate
and rock, Ain the future the emphasis will be placed on developing
roﬁtine quantitative procedures for the types of samples'mentioned‘
above, .

- To date thé following has been accomplished:

(1) A routine'procedure for identifying minefals has beenl
developed, A,Swgrﬁm briquette is pfepared and séanned using an
X-ray diffraction unit. For clays the briquet%e'reééaved two
auxiliary tréatments = glycerine solvation and heating. The pro~-
cedure requires 2 hours per sample., Mineral concentrations as
low as 5% can usually be detected, |

(2) A study of the X-ray machine variables was conducted,
This resulted in finding how to ga;n the maximum intensity from
the General Electric XGRDS.meay unit and yet retain satisfactory
resolution of.the &iffraction peaks, |

{3) Standard charts have been prepared for 15 eommon'

minerals to aid in semiquantitative work. (These charts are not

included in this report.)

(4) A knowledge of the many problems involved in quanti-
tative work has been gained. ,

qufinish this project, routine quantitative procedures need

to be developed., The following aréas'will be covered:
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(1) Solve the problem of reproducibility in sample prepa-
ration, This is essential before quantitative.workscan;proeeedo
Reduction of the maximum pafticle size to 20 micron will help
considerably.

(2) Evaluate the effect of variations in crystalllnity and
chemical compesition of a mineral on its diffracted intensity.

'(3) Develop a method of determining the mass absorption
value for a sample.

L | INTRODUCTION AND PURPCSE

Tn March, 1963, a study was initiated to develop a procedure
for identifying both clay and non-clay minerals in soils by using
X-ray diffraction, Previously this department examined soils
using differential thermal analysis and microscopic techniques.

. However, these techniques need to be supplemented by X-ray dif-
fraction information especially in the area of clays, Without
X-ray information often the particular type of clay can not be
jdentified or the presence of a clay mineral is missed completely.
The accurate knowledge of the mlnerals preseat in a 'soil or an
aggregate has several important applications. For example, mineral
composition affecﬁs tﬁe physical properties of a material. Also,
the potential for further degradation of a material may be indi-
cated,

The purpose of this paper is to present a routine method
that has been developed for identifying soil minerals by X-ray

: difffaction of a powder briquette, The sample preparation, X-ray
machine operation;land interpretation of this method will be dis-

cussed in detail. Other topics that will be céﬁeréd'are:
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“:__“GENERAL“INFORMATIQNON-X%RAY DIFFRACTION

Géneral information on fhe Principles of X-ray diffraction
will be brief,: The reader should consult "X-ray Diffraction |
P;ocedures for Polycrystalline and Amorphous‘ﬁatefials“*by Klug
anﬁvAlexénder if more information is desired,

- X=ray diffraction istthe coherent scattéring or bending of
X-rays when they hit a Crystalline material, Thig bending oy
diffracting occursuin a pre&ictable manner according to Bragg's

Law, X=rays are electrommagnetic waves like light except X-rays

To illustrate the Principle of diffraction consider a clay

which has a set distance between two layers of atoms, ag in

Figure 1, ap X-ray can be Pictured as 5 sine wave, 1t will hit

an atom in the top layer making an angle of @ with respect to the
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flection. At one specific angle of € an X-ray parallel to the

first X-ray will hit an atom in the layer below and this diffracted

wave will be in phase with the diffracted wave from the top layer
giving twice the amplitude. However, if @ is just above or below
this critical é angle complete destructive interference will re-
sult. There will be no peak. By knowing the wavelength of the
X-rays and the qritica1 e‘apgle; the spacing Eetween'the two layers
or d;spacing-can be found from Bragg's Law., It is:

‘nX = 2d sin ©

Where n . is any integer

is wavelength of X-rays in Angstrom units

is d-spacing’ in‘angstrom units

i{s angle. at Whichyfhe*x-rays.hitfthe sample face

© o)

NOTE: One angstrom or 1A = 1 X 10-10 meters

In the G.E. XRD=5 diffraction unit ideally all the X-rays are
produced having the same X and are focused on a sample as parallel
rays by means of mechanical slits. The same is thén rotated at a
constant angular velocity with respect to the X-rays hitting it.
Likewise, the detector is rotated at the same angular velocity
with respect to the sample to pick up any X-rays that are dif-
fracted from the sample. The detector counts the nunber of X-rays
much like a geiger counter. In fact, in some cases a geiger
counter is used, From the detector through compliéated electronic
circuitry the X-ray intensity is converted into electricai pulses

which are recorded on a chart. This chart moves at a constant

‘rate of speed showing the intensity of diffracted X-rays versus the

@ angle. The resulf is a diffraction paftern'or series of peaks at
various € angles.

Each crystalline'material bhas its own diffraction patterm.
However, depending on the percentage of material present and the

type of sample preparation, the relative heights of the peaks will
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change but their @ angles are usually unaffected, Most dif-
fraction tables will list the height of peaks and their 6 angles
for a particular materlal by its d-spacing and relative in-
ten51ty with the highest peak being given a value of 100,

Production of X~ravys

X-rays are produced when fast-moving electrons hit a target,
A 'high-speed electron may strike the target and displace a tightly
bound electron deep in an atom near the nucleus, thereby ionizing
the atom. When a certain inner shell of an atom has been ionized
in this manmer, an electron from an outer shell may fall into the
vacant place, with the resulting emission of an X-ray character-
istic of the atom or térget material involved. An atom has a
series of electron shells surrounding the nucleuso The number
of shells and the number of electrons in each shell depends on
its atomic number, However, the energy level of an electron
depends primarily on what shell it is in. The shells are called
K; Ly M, N == with the inner most shell being called the X sheil,
The energy level of an electfon increases from the K to the L

shell, Thus, the farther away from the nucleus the higher the

.energy level of the electron,

When an electron is displaced from the K shell usually an
electron from the L shell will replace the'lost electron but since
the energy level of the L shell electron is higher than the
electron it is replacing, the dlfferenge in energy must'be given
up. This parcel of energy is called an X~ray, The dlfference
between the energy levels of the K and L shell electrons is con-

stant for any one element but varies according to the atomic
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number, Thus, each element emits X-rays with a characteristic
amount of energy. This energy is directly related to the wave-

length of the X-ray,

X-ray Tube

Basically in an X-ray tube high speed electrons from the
filament bombard the targetlemitfing X-rays, For soil mineral
identification a Coolidge type pray.tube with a Cu target is
the most useful, A schematic is shown in Figure 2, Normally a
Cu'diffraction tube is operated at 50 kilovolts and 16 milli-
amperes, The potential or voltage between the filament and
target determines the maximum speed of the electrons hitting the
target, The intensity of X-rays or number produced per ﬁnit

time is contrelled by the tube voltage, current, and filament

heater voltage, The tube is evacuated in order to give the

electrons a path teo the target unobstructed by air molecules.
The X-rays leave the tube through a window made of 10 ml
beryllium foil which will allow a large percentage of erays
to pass through unaltered,

An X-ray tube is very inefficient in-that 98% of all the
electrical energy supplied to it, is d1581pated in the form of
heat, Most of this heat is generated in the target. The target
is cocled by circulating water.through the core, | |

In practice the X-rays produced do not all have the same
Wa§e1ength° The distribution of X versus intensity of radiation
is shown in Figure 3, There are two réasonS'for this wide range
in A produced, First, the L shell has two sub=-shells, each with

a slightly different energy level., Thus, an electron from the
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first sub=-shell in the L shell may replace the displaced electron
in the K shell emitting Kec, radiation; If, however, an electron
fromyﬁhe second sub-shell in the L shell should replace the dis-
placed electroen, K&é radiation would be emitted. The Kocp, radi-
ation has slightly more energy and would, therefore, have a
slightly shorter wavelength. Also, it is possible for an electron
from the M shell to replace the displaced K shell electron, This
would cause Ké’ radiation and since the energy difference is con-
siderable between the K and M shells the eray would have a con-
s1derab1y shorter wavelength However, the chances are best that
an electron with the energy level nearest,tﬁe energy level of the
displaced K shell electron will £ill the vacancy, Thus, the
relative intensity will diminish in the following order: Ko, ,
Kgca and Kg . The wavelengths of Kec, and Kec, are so close
that for most practical purposes they are cailed Ko, later on
it will be seen that Kg fédiation can be filtered out. These
three intensity péaks of fadiation are referred to as "character-
istic radiation," This name is used because the value of )\ for
each of these peaks'depends on the target material.

The second reason for the wide range in wavelength is that
many of the high speed electrons from the filament instead of
colliding with aﬁ inner electron of an atom of the copper target
mﬁy be 510wed down in paésing through the strong electric field
near the nucleus of the atom. These electrons in slowing down
give off energy in the form of X-rays. The wavelengths of the
X~-rays are a function of the change in speed of the electrons.

This results in a continuous spectrum of wavelengths, The mini=-
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mum wavelength depends on the applied voltage of the tube, This
continuous band of varying wavelengths is called "white radiation."

Path of X=-ravy

The path of fhe X=-rays from the X~-ray tube to the detector
is shown in Figure 4, From the target, X-rays are emitted in all
directions. However, the only usefﬁl X=-rays are those that pass
through the beryllium window. The X-rays then go through a beam
slit which, by its size, controls the amount of radiation that
can hit the sample, the size of the beam, and allows only parallel
X-rays to pass through, If there is crystalline material present
in the sample the praﬁs will be diffracted and received by the
detector after going through a soller slit, a detector slit, and
a filter, In actual operation the sample is rotated at a constant
rate causing the € angle to change. Likewise the detector,
filter, soller and detector slits are rotated at a 20 an%le to
keep an angle of © with respect to the sample,r

 The function of the soller slit is to control reseolution,
Resolu;ion is the sharpness of a peak or the angular width of a
peak. For example, if two diffraction peaks are displacéd’by a
very small @ angle and the resolutidn is poor the two peaks will
appear as one, The soller slit is a mechanical device to allow
only the X-rays diffracted from the sample at €+ a small fraction
of @ to go to the detector, —

The X-rays after leaving the soller slit go to the detector
slit which controls the amount of radiation that can go to the
detector, Next a filter is used to remove CuKg radiation,

Usually thé filter is made from a material having an atomic
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number of one less than the target material in the X=-ray tube.
For CuKg radiation a 0.7 mil Ni filter is normally used. This
sill remove 987 of the Kpg radiation, The filter works on the
principle of absorption which will be discussed later,

| From the filter the X-rays go to the detector or counter,
There are two géneral types of counters. One type is.a gas
filled counter tube., When the X~rays hit the gas it is ionized.
The amount of ionization is related to the number of incoming
Xéfayso This ionization creates an electrical pulse which is
recbrded on a chart, The second type is a counter with a crystal
that will phosphoresce when hit by X-rays, A sodium iodide
crystal is commonly used and will change incoming X-rays to
visible light. The intensity of visible light is amplified by
a photomultiplier tube and thep recorded on a chart.

The electrical circuitry between the counter and the chart

will be discussed later under the section entitled "X~-ray

Machine Variables,"

Background Radiatidn
Even if a sample contains no crystalline material the chart
recorder will make a trace similar to Figure 5, Theoretically

no diffraction is taking place and thus the trace should show

nothing, However, the area under this curve represents back=

ground. This background can be caused by several things; First,
the electrical circuitry will produce some electrical noise,

This noise shows as a constant background regardlesé of the @
angle or type of sample. This background is of low intensity

(5 to 10,¢ounts per second). The measure of intensity for X-rays
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is counts per second (cps). This is directly proportional to the
number of X-rays received By the detéctor° The main peak from a
strong diffractive material may be 10,000 cps or more,

At low 2 © angles the X-rays may miss the sample entirely and
go straight from the tube to the detector. This is the reason for
the initial high background that may be as high as 1500 cps or
more at 2 & = 2°, This depends on the beam slit used,

Secondary flucrescence can contribute a constant background
at any 2 © angle° This occurs when the energy of the X-rays is

sufficient to displace an electron in the K or L shells of an
atom in the sample and cause secondary X-rays to be emitted that
are characteristic of the atom. These secondary X-rays are
emitted in all directions and thus will be picked up by the
detector at any 2 © angle. CuKec radiation has sﬁfficient energy
to excite iron in a sample, This secondary fluorescence ¢an add
200 cps or more to the background dependlng on the percenﬁage of
iron present.

The absorption of X-rays is an important propert& of a sample
if quantitative results are desired, 1If all elements would absorb
the same number of X-rays, then the intensity of diffracted X-rays
would be directly proportional to the quantity of crystalline
material present provided the particle size and crystallinity
were the same. Howéver, this is not the case; the absorpqion
varies with the elements in the sample, For example, a 10% con-
cenﬁration of quartz may give a main péak height of 500 cps if
mlxed with 90% crlstObalite which has the same absorption value

as quartz, However, a 10% concentration of quartz would only
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give a peak height of 100 cps if mixed with 90% Fep03. This drop
in apparent intensity results from many,of the CuKoc X-rays that
would ﬁormally be diffracted by the quartz being absorbed by the
iron° B |

The absorption coefficient "u'" depends on the element, )
density, and the wavelength of the'radiation hitting it. However,
the mass absorption coefficieﬁt "u/p", where ¢ is the densit&, is
only dependent on ﬁhe element émd A , It ié independent of the
physical and chemical state of the material., The crystalline
fdrm or what elements it has combined with have no effect either
provided the particle size is small enough. A plotﬁéf'u/P versus
X for platinum, as shown in Figure 6, reveals shafp‘discontinuitiés
in the absorption. These discontinuities are referred to as the
critical absorption edges of an elem?nto These absorption edges
mark the point where an incoming X-ray possesses sufficient energy
to eject an electron from one of the shells, X-rays with aX a
little shorter than the absorption edge will eject an electron-
and are thus\absorbedo However, as. x continues to become shorter,
ionization is less likely and the X-ray will simply pass on
through the atom u’nébsorbedo For a-A_ just a little longer than
the absorpfion edge, the absorption drops off sharply because
the X-rays do not-possess sufficient energy to displace an electron,
But as A becoﬁes longer it approaches the criticél absorption edge
for fhe_next outer shell, The mass absorption coefficient(1) in-

creases with the 4th power of the atomic number of the element,

(L)rables of mass absorption coefficients and critical absorption
edges are found in APpendix I of "X=-Ray Absorption and Emission
Analytical Chemistry" by H. A. Tiebhafshy, H. G. Pfejffer, .

E, H. Winslow, and P. D, Zemany (1960), 7‘ f
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CuKge; radiation with X = 1,54A falls just short of the K absorption

edge for iron withA = 1.74A, This is the reason why ironlaffegts

the background so much when using Cu radiation,

Another factor contributing to background is the effect of
white radiation, White radiation contains a continuous band of
wavelengths from A min,, determined by the applied tube voltage,
to .\ max. determined by what will penetrate the beryllium window,
nickel filter and not be'absorbed by the air before reaching the
detector, Shorter wavelengths are referred to as hard radiation
and the longer wavelengths as soft radiation, The intensity of
white radiation 1s only a fraction of the characteristic radi-
ation but sinde it covers the spectrum it can cause small‘secondary
fluorescencé to occur in many of the elements present in a soil
sample, Also if crystalline material is preseni, diffraction can
occur over a wide range of 2 6 values because of the range in
wavelengths available, Normally with the use of a pulse height
selector the effects of white radiation can be filtered out, The
pulse height selector will be discussed later under the section
entitled "X-ray Machine Variables."

In summary, the background results from four factors:

{1) electrical noise, (2) direct X;rayé at low 2 @ angles, (3)
sébbndary fluorescence, and'(A) white radiation.,
RECOMMENDED METHOD OF SAMPLE PREPARATION
A recommended method for preparation of soil samples for
routine identification ig presented in this section, In this
method 5 grams of'passing No., 200 sieve material is made into a

briquette then scammed using an X-ray diffractometer. This is
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followed by two auxiliary scans, one after glycerine solvation
and the.otﬁer after heating to 500°C, This method is récomw
mended because of the simplicity, relative speed, and results
obtainable, It requires about 2 hours per sample including
interpretation., Satisfactory identification can be obtained

for most common minerals if they are present in 57 concentration,
However, this method is not sétisfactory for quantitative results,

Sieving and Grinding

Five grams of material passing the No. 200 sieve is required
to make a briquette, This material should be air dried. If the
material is wet it may be dried in a 100°C oven for 2 hours or
dried in a 50°C vacuum oven for 30 min, Heating dbove 110°C may
permanently'change thé_'material° o

Normally only the passing No. 200 sieve portion of a soil is
to be waayed° If there are clay lumps present .these should’bg
broken up by using a rubber pestle, Next, only enough soil should
be placed on a 3" diameter No, 200 sieve to yield approximately
5 gm,-of passing No. 200 material, This material should be sieved
thoroughly to séparate all the passing No. 200 material. (Shake
the sieve and'then empty the pan; repeat until no more material
appears in the pan.) After sieving, pour the passing No. 200
material into a 2~o0z., paper cup and give a quick preliminary mix-
ing with a squared off spatula before weighing out the 5 gm for
the briquette, | 1

The above procedure is recommended to help cbtain a repre-
sentative sample. 1In sieving, the finer particléé aré more
likely to come through first, Thus, segregation of particle size

may result, Also there may be mineral segregation because many
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minerals have a certain minimum particle size, For example,
feldspar and amphibole commonly occur in the coarser fractlons of
the passing No. 200 (74 micron opening) material while clays all
pass the 2 micron;t Thus, the sieved material will tend to segre-
gate with the clay first and feldspar last, TFor quantitative work
it is essentlal to obtain a representative sample,

If grinding of a sample is required there are three methods
available. If the sample is relatively soft a porcelain pestle
and mortar may be the besta If the sample is hard, for example,
quartz, a steel pestle and mortar may be the fastest, however,
iron Impurities will be introduced from the mortar, If lmpuri-
ties cannot be tolerated a tungsten carbide ball mill can be used,
For mica that is flaky and dlfflcult to grind fine a ball mill |
is best, |

This department has a ball mill called a Spex Mixer Mill,
Cat, No, 8000 manufactured by Spex Industries, Inc, To operate
this wmill £i1l the tungsten carbide wvial 1/3 full of mater1a1 and
add 2 one-quarter inch diameter tungsten carbide balls° (NOTE:
thlg material must be brokern up by hand to passing a 1/8" sieve
before placing in the vial,) Grind for 10 minutes, sieve, return
the material retained on the No, 200 sieve and regrind, If, after
grinding, a sample appears fine enough to pass a No, 200 sieve but
will not; as can be the case for serpentine, a long bristle brush
can be used on the sieve, This brush should be used only when
necessary since the brushing may force coarser partlcles to go
through the sieve than wiil go through by shaking,

In order to obtain a representative sample is is important

that all the material Put in a mortar or ball mill be ground to
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passing the No, 200. If any correlating is to be done with the
differential thermal analyzer (DTA), the sample for both the DTA
and X-ray should be sieved or ground at the same time uging 7
instead of 5 grams.
Mixing

Mixing is important in order to obtain a uniform sample,
Uniformity is desired in both particle size and mineral type.
If a materiél is not‘well mixed before making a briquette, a
different diffraction pattern Wiil result when the briquette is
rotated., The intensity of peaks will change making quantitative
work impossible. Reasonably good results have been achieved by
mixiﬁg a sampie on a smooth sheet of 8% x 11" paper with a spatula,
Approximately 1 milligram of lamp black is aﬁded to the 5 gm, sample
to ser%e as a mixing control., The sam?le is then mixed until a
uniform color is aéhieved. Usually 2 to 3 minuted is satisfactory,

Normally 5 gm., of passing No., 200 material makes a briquette
of satisfactory thickness, However; if a material has a very low
dénsity 4 gm, of material is enough,

Briquette Making

- www.fastio.com

A 1" diameter by approximately 3/16" thick briquette is
made by exerting 15,000 psi on 5 gm, of ﬁassing No. 200 material
placed in a mold, For every soil tried to date the briquette has
been firm enough to place in the sample holder on the X=-ray
machine with only a backing plate to distribute the force of the
spring clips on the back of the briquette, For some ground
aggregates and pure minerals the briguettes made could not be
handled without falling apart. When this happens the back=pack

method should be used - see the section entitled "Other Methods
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of Sample Preparation."

The mold is shown in Figure 7. All parts are made of

hardened steel, The side of each spacer that touches the sample

is polished,

The procedure for making a briquette is as follows:

10
2,

7.

www . fastio.com

Place mold on 3" x 53" piece of tin plate,

Drop into the mold the 1/2" thick spacer with the
polished side up.

Place 3" diémetef“No, 60 sieve on top of the mold.
Place approximately 1/10 of the mixed sample on the
No, 60 sieve directly above‘the 1" dia., hole in the
mold, B .

Lift sieve off theamold until it is not toﬁchiﬁg then
tap lightly until a thin 1ayer.of material covers the
1/2" spacer.

Retﬁrn the material left on the sieve to the pile of
material remaining on the mixing paper.

Pour all the remaining material into the mold and
level off with a spatula,

With small magnet ?1ace 1/4" spacer into mold on top
of the sample with the poliéhed surface downward
followed by the rod,

Apply 15,000 psi with a hydraulic press., lLeave full
pressure on for 5 seconds after creep has ceased
(15,000 psi is equivalent to 10,000 pounds on the
Materials and Research Department Pasadena hydraulic

press,)
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10. Release the pressure, turn the mold upside down, and

\ with the large spacer ring push the briduette out of

the mold, bottom first.

11, Handie with care since some briquettes will be fragile.

Blow‘off 1éose powder and lightly brush the edges with
a small analytical balance brush,

12, Scribe an "X" on the surface not to be X-rayed. (Side

touching the 1/4" spacer).

The reason for using'é No. 60 sieve to put the first layer
of material on the 1/2" spacer is to try and obtain a homogeneous
and randomly orientated sample, Also sincé the bottom of the
sample ié'compacted less than the top the chances of preventing
preferred oriéntation are improved by using the bottom side,

When handling the briquette the surface to be X~rayed should
not be touched at any time, Especially, the surface should not
be brushed as this will cause preferred orientation,

Cleaning Procedures

In cleaning the mold, sieves, and other tools it was found
helpful to use two cleaning towels. The first towel was used to
do the rough cleaning and the second towél was used to\do a final
cleaning on any part that comes iﬁto direct contact with the
sample, A bottle brush is useful on cleaning the mold and a soft
brass brush works well on cleaning the No, 200 stainless steel
sieve. The polished surface on the 1/2" spacer is especially
critical, Since the X;rays only penetrate 1/64" belowlthe surface
of a briquette, any foreign matter left on the polished surface
can influence the diffraétion pattern even though only a very

small percentage relative to the total 5 gm., sample. The polished
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surface'can corrode very easily and therefore should be washed
only with pure alcohol. Normally 1 to 2% of any crystalline
material is not sufficient to give any detectable diffraction
peaks, however, for any quantitative work it is necessary to
minimize sample contamination,
’”'TRECGMMENDED XQRAY OPERATIONAL PROCEDURE

In this section the operational procedures for running
X-ray diffraction scans on a routine sample briquette will be
discussed, including specific settings and the hazards involved,

In general, the operation of X-ray diffraction equipment is
relatively safe, however, there are some hazards, This unit is
not like a commercial or medical X=ray unit. The X=-rays produced
in a diffraction unit are directional and soft, They only travel
in a narrow beam that is well shielded wherever scatter may
occur, Still;, a person can get a seriocus radiation burn if he
should get in the way of the beam., Soft radiation can be more
dangerous than hard radiation., Hard radiation will pass through
the human bedy but soft radiation is stopped by the skin and
causes a burn., The operator should be very careful because the
burn can occur almost instantanedusly and the person probably
will feel no pain at the time to indicate that he has his hand
in’ the beam,

The following operational procedure applies to a General
Electric XRD-5 X-ray diffraction unit. In order to obtain a
diffraction pattern for a routine briquette sample the following

settings should be used on the X-ray unitg
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o ©Cu diffraction tube = CA7 Coolidge

1° beam slit

-

I3

2

3. MR soller slit

4, 0,2° detector slit

5. 0,00035" thick Ni foil Filter
6. SPG 3 scintillation counter

7. HVA = 6,50 volts (apprbxo 1.4 kilovolts on the power

supply)
8. Time constant = 1 second
ga Ae in

10. Ae = 4,0 volts
11. E = 5,0 volts

12, Range = 5000 cps
13, Target angle = 3°

After checking item Number 7, the cooling water valve, the
main power switch, and the machine should be turned on, A
20-minute warm-up period should be allowed for the electrical
circuitry before the X«nra;} tube is used. If the HVA -~ high
voitage adjust, is much higher than 6,50 volts damage could
reSuit in the counter tube, Then the rest of the items can be
checked while the machine is warming up. Next the chart recorder
should be calibrated. (See the General Electric operating
instructions) If the X-ray tube or térget angle has been changed
or the X~-ray table moved then the alignment of the X-ray machine
should be checked after the 20~minute warm-up period. (See the
Geﬁeral Electric operating instructions)

Then set the 2:8 angle on the gonimeter to 1.995°, Clean
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the ;ample holder with an analytical balance brush, Slip in a
1/8" x 1" x 1%" backing plate between the spring clips and the
front of the sample holder, This backing plate is to distribute
the load of the clips on the back of the briquette, Then slip
in the briquette carefully and center laterally in the holder,
Cleaning of the sample holder after each briquette has been re-
moved is important in order to prevent contamination of one
sample with another and to preserve the system of geometry. If
the briquette does not set flush with the front of the holder
then at low 2 © angles more X-rays can pass directly in front
of the sample and thus raise the iniFial background level., Also,
the d-spacings of the peaks may shift because the geometry of the
system has changed,

For a routine sample four separate charts or scans will need
to be run. The first two charts are with the briquette untreated,

l. 26 =2 to 60° at 4°/min scan rate

2, 20 =2 to 14° at 2° /min scan rate
Then thé briquette is carefully removed from the sample holder and
glycerine solvated with an atomizer containing Snekpart glycerine
énd one part distilled water. The briquette should be sprayed
just enough to wet the surface and then allowed-to dry for 5 min,
or until the surface appears dry again beforé X~raying. If the
briquette is not X~rayed within 30 min. after it has been glycerine
sclvated the treatment should be repeated° One chart is made with
the briquette glycerine selvated,

3, 28 =2 to 14° at 2°/min scan rate
The briquette is again carefully removed from the sample holder

and placed in an aluminum foil disk., The sample is put in a 100°C

-— . - — -
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for 10 min. followed by 1 hour in a 500-550°C oven. If the

' briquette is not placed in the 100°C oven it will quite often
crack in the 500°C oven,- Thén the briquette is removed from the
oven and allowed to cool so that it may be handled; usually 5 min.
is sufficient, Next the briquette is returned to the sample
holder and X-rayed., If the briquette is not anayed withiﬁ 1
hour aftet removing from the furnace it should be reh’eated° One
chart is made Qith the briquette heated. |

4, 2 @ =2 to 14° at 2°/min scan rate

The first scan is used primarily to identify the non-clay minerals
and to estimate their quantities, The other three scans are for

‘identifying what clay minerals are present. Several of the clays
have the same d-spacing so that auxiliary treatments by leCerine
solvation and heating are required to distinguish between them.

Much of what will be said in the following paragraphs will
be a repeat from the general operating imstructions but:they are
included so that techniques for minimizing hazards can be empha-

" sized, Before turning on the X-ray tube the goniometer should be
checked, The 26 angle should never be less than 1.95°, A 2 9
less than this will allow direct radiation to hit the scintillation
counter and damége it, After the briquette is placed in the sample
holder the scatter shield should be placed in front of the sample
holder. Then the appropriate scan rate should be set on the
goniometer., Next, the KVP dial for thé‘pray tube should be set
on_35 kilovolts and the MA on positicn No. l.° This last step is
very impértant, An X-ray tube can only take a set maximum amount

of energy before damage will result because of excessive heat,
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This maximum energy is a fumction of both kilovolts and milli-
amperes, For the Cu diffraction tube the operating limit is 50 KVP
and 16 MA or 35 KVP and 23 MA, An X-ray tube will take an overload
for a short time but this will shorten its life, A tube normelly
lasts 2000 hrs., and costs $700., For running routine soil briquettes
the settings of 35 KVP and 22 MA (not 23 MA) will be used, The
22 MA just‘provides an extra mergin of safety, Using any tube
voltage higher than 35 RV will cause a false peak to occur et-the
same place as montmorillonite, This false peak is caused by a
peculiar characteristic of the s¢intillation éeﬁnteﬁ, |

After the KVP is set on 35 and MA on position Nof 1, turn on
the chart recorder and the X-ray tube., Next tﬁrn the MA switch
to peeieion "B" and adjust the MA on the dial to 2200 milliamperes
Witﬁ'the'adjueting screw 1abe1ed g jﬁst to the left of the dial,
Tapllightly on the dial since the needle may stick., Readjust the
KVP to 35 if it is needed. The adjusting of the MA may be re-
quired every time theVeray tube is turned on because the switch
does not seem to make the same degree of contact consistently; If
at any time while adJustlng the X-ray tube voltage or current one
of the follOWlng thlngs should happen turn off the X-ray tube

immediately. It means that one of the settings is wrong and

damage to the equipment could result if not immediately corrected.

They are: (1) the rate meter goes off seale;_(Z)“the‘pen on the
chart recorder goes off‘scale, (3) the MA goes above'23 and (4)
the KVP gees above 35, | After the X-ray tube is off check all
the settings and try again.

When the X-ray tube voltage and current is adjusted, if the

chart pen is below 3.5 on the eeale turn the range from 5000 to
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2000 cps. Allow the X-ray tube 30 seconds warm-up time before
beginning an actual scan. When the recorder pen reaches a heavy
‘transverse line on the chart paper turn the goniometer button to
increase. Warning - if by accident the goniometer button is

turned to decrease shut off the X-ray tube immediately, This is

to prevent damage to the scintillation counter caused by too
many X-rays hitting it. I£f the range is set on 3000 cps then
after the scan has'begun and the pen has dr@pped-to 3.5 turn the
range to 2000 cps. Then mark the initiai 2 © angle on the scan
and label it in ink with sufficient information to identify the
briquetté, treatment, and any unusual X-ray machine settings.
After the scan is run all the settings should be clearly marked
on the chart so that someone else may reproduce your work, At
the proper 2 @ angle 14 or 60° turn off the X~ray tube, goniometer,
chart recorder, and return the MA to position No, 1. While the
scan is being run it is best to stay 3 feet away from the machine
when possible to minimize exposure to possible scatter radiation°

List of Hazards

l. Putting fingers in the X-ray beam
. Ha#ing HVA read more than 6.50 volts

Going below 2 © = 1,95° while X-ray tube is on

a °

Forgetting to put scatter shield in place

tnn &~ W N
°

-]

Exceeding:§5 KVP or 23 MA

A brief step by step X-ray operational procedure will be
given below:

1. Check that HVA = 6.50 volts and that the tube is a CA~7 Cu

diffraction tube
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: 2, Turn on the water, throw the main power switch, and press the
machine on button

3. Check on settings given on paée 19

4, After 20 min, warm-up time calibrate the chart recorder

5. Check alignment, if necessary

6, Set 2 6 = 1,995° and the proper scan rate

7. Clean the sample holder and insert the baéking plate

8, Imsert the briquette |

9. Piace scatter shield in front of the sample holder

16, Put KVP.at 35 and MA on position No., 1

11. Turn on the chart recorder |

12, Turn on the X-ray tube

13. When the chart pen responds put MA 6n position "B" and
adjust to 22,0 milliamperes o o

14, Allow tuﬁe 30 seconds warm~up time then turn gohiometer
to increase )

15, Turn cps range to 2000, if necessary

16, Label chart ‘

17. When scan is finished turn off the X=-ray tube, goniometer,
chart recorder, and turn MA to position No, 1.’

METHOD OF INTERPRETATION
Explaining how to interpret'a diffraction chart is dif-

ficult, Interpretation is ﬁainly learned from experience. In

theory the problem is relatively easy‘but in practice there are

many complicating fagtors involved especially in soil mineral

identification, A diffraction chart indicates what cryﬁtalline

materials are present in an unknown sample by giving a series
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of diffraction peaks each wiﬁh an intensity (peak height) and

2 © angle (d=spacing). The problem is to find minerals of known
intensity and d-spacing that will éccount for all the diffraction
peaks, This problem is greatly complicated if there are several
minerals in a sample giving twenty or more peaks. Sometimes all
the peaks for a ﬁineral do not occur or the relative intensity
of peaks 1is ipcorrect° ‘

There are sevefal tools that can be used in conjunction with
X=ray diffraction to simplify and confirm the identification of
the minerals present in a soil sampleo They are: ﬂ

1, DTA - Differential Thermal Analysis - By this method
several minerals and‘organic materials can be identiw
fied,' This simplifies interpretation because the dif=- "
fraction peaks for these minerals can be immediately
identified, -

2, Some minerals may be expected if the locality from
which the soil comes is known,

3, Some“mineréls may be expected from knowing that certain
minerals can degrade into other minerals., |

4, Some minerals may be expected because of their common
association with other minerals. )

S fétrographic Analysis = By this method many minerals
can be ideiltifiedo An additional advantage is that
only one grain may be sufficient for identification
where the X-ray usﬁélly requires 5% concentration
before a mineral can be detected,

It should be noted that none of the above tools, including
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X-ray diffraction, is adequate by itself to identify all the
minerals present in a soil, The X-ray is the best single tool
but quite frequently one or more of the other tools must be

used too,

" Clay Mineral Interpretation

The ihtgrprétation'will be considered in two parts ~ clay
minerals and non=clay minerals. Before the mechanics of clay
mineral identification can be discussed some backgrouﬁd concern=
ing the nature df clays is in order, Also the factors that can
influence the shape of a diffraction peak will be mentioned,

The word "clay" has two meanings, The first refers only
to particle size = ény particle under 2 micron, The second refers
to layer silicate minerals that usually are under 2 micron in
size, The latter meaniﬁg will bg used in this paper,

There are several familiesrofnclay minerals. The more
common types found in soils ares mbntmorillonite, vermiculite,
chlorite, and kaolinite, All of these clays are layer silicates
containing oxygen, hydrogen, aluminum and silicon, The dif-

ferences between these clay families and the cldys within each

family are caused by the arrangément of the atoms to form dif-

ferent types of layers, Also there are differences caused-by
isomorphic substitution for the silicon and/or aluminum, iron,
magnes ium of‘potassium. This isomorphic suﬂstitution can change
the.size of the layer and its net charge. 'This net charge can
have a profound effect on-how the clay acts - whether or not the
clay‘is expansive. Normally a clay partiéle is made of a series
of 1éyers stacked on top of each other. The particle is a disk

with its length and"width'twehty to fifty times greater than its
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thickness, This explanation has been very briefc The reader
should consult a book on clays. Two good books are "Clay
Mineralogy" by R, E. Grim and "The X-ray Identification and
Crystal Structures of Clay Mlnerals" edited by G, Brown,
Montmorlllonlte is the most meortant clay family,
Montmorillonite has the abxlity to absorb a great deal of water.
In fact, water can increase its volume by 100% from the com-
pletely dehydrétéd to the éompletely hydrated sta.té° This occurs
because the montmorillonite layer possesses a net negative
charge on its surface which attracts or absorbs water between
each layer. The d-spacing can go from 10A to 20A. Normally if
the montmorillonite has only been air-dried the main peak or
distance between two layers will be 14,7A. 1If the montmorillonite

is moist-the spacing will shift to between 14.7 and 20A. After

heating for 1 hour at 500°C the absorbed water and free water

will be driven off giving the lowest d-spacing of 10A, Other
clays do have water in between the layers but this water is held
tightly so that under normal conditions little or no expansion
or contfaction will occuf°

In order fo interpret a diffraction chart properly a
krnowledge of what tﬁe'éhape of a diffraction peak may indicate
is necessary. Normally a diffraction peak is féirly sharp and
represents an atomic distance between two layers of atoms in a
crystai, Sometimes a dfyétal giving a strong peak will have
reflections associated with it, These refieétions are.éalled
orders, These orders usually have less intensity than the main

peak and a d=spac1ng of 1/2 1/4; ===~ of the main peak, ThlS
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occurs because of the "n" in Bragg’s Law = n X = 2d sin @,
Here X and @ remain constant but n can vary, If n = 1 the
d-spacing is for the main peak, If n = 2 Ehe d~spacing is for
the 1st order, 'if n = 3 the d-spacing is for the énd order,
Chlorite is a good example of a mineral having two orders of
the 14A peak, However, many minerals, even though they have
strong diffraction peaks, do not exhibit orders,

A bread peak can indicate thfee things. It may 1nd1cate
the ‘presence of two diffraction peaks belng so close together
as to appear as one wider than normal peak A broad clay peak
will quite often lndlcate small particle 51ze, As the particle
size decreases below 2 micron the diffraction peak will broaden
at the base and the peak helght will drop. A broad clay peak
may also indicate poor crystalllnlty or that two or more clay
mlnerals are interstratified. These latter two items will be
discussed later,

The identification of clay minerals is made difficult in
that several clays have one or more d-spacings the same as other
clays or as some non-clay minerals, However, by auxiliary
treatments of glycerine solvation and heating these clays can
usually be distinguished one from another, A step by step pro=
cedure will be presented for clay mineral identification followed
by a procedure for interstratified clay minerals,

Identification of Clays

I, Ekamine the'2 @ =2 to 14° scan for the untreated

briquette, The following peaks may occur:
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v,

Other peaks can cccur between 2 @ = 2 to 14°,

sult from interstratification°

‘Montmorillonite or v

14=154 ermiculite

13.5=15 Chlorite
09"’1001 Mica

5:19:3 fale hyll
- 9.1=-9, ophyllite

8.4-8,5 Ag;hibole

7o Gypsum

7.1-7,3  Serpentine or chlorite

/o1=7,2 Kaolinite

6.,3-6.45 Feldspar

If a 14 or 7 2 peak occurs examine the 2 @ =2 to 14°

scan for the glycerinemsolvafed briquette,

=

b,

If 17.8 A peak @ccurs<then montmorillonite ig present,
If 14 A peak remains then chlorite and/or vermiculite

is present,

If a 14 or 7 A Peak persists after glycerine solvation

eéxamine the 2 @ = 2 to 14°

scan for the heated briquette,

2. If 14 A peak remains then chlorite ig Present,

bo If 14 A Peak disappears then vermiculite is Present,

€. .If 7 A peak remains and there is no chlorite present
then there ig serpehtine Present,

d. If 7 A peak disappeats and there is no chlorite
Present then there is kaolinite present,

NOTE: Upon heating, both vermiculite and montmorillonite

Will collapse to 10 A,

If chlorite is Present examine the DTA chart to see if

Serpentine and/or kaolinite are present,

These may re-

Interstratification is when a single

particle is made of g stack of clay layers of more than one clay

mineral, for example,

interstratification exist,

wavw fastio.com

chlorite and montmorillonite, Two types of

Regular interstratification occurs
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when the layers regularly alternate between one clay type and
another., The resulting d-spacing is the sum of the two individual

layer d-spacings with a 1st order being quite frequently presenﬁ.

‘Random interstratification occurs when there is no regular

alternation between layers, The résulting d=spacing is an
approximate average of the d-spacing for the individual layers
involved, Sometimes more than two types of layer silicates may
be interstratified, however, the interpretation in such cases
is very difficult if not impossible without using several auxiliary
techniques, A mixture of two types of'iayer silicates is'dif-
ferent from an interstratificatiqn because each particle contéins
only one type of layer silicate. |

A list of d-spacings for identifying the type of inter-
stratified clay, provided there are only two kind of clay inter-
stratified, is given iniTable L. These d-spacings are idealized.
In practice the d-spacing for the main peak of an air dried
montmorillonite depends on the absorbed ion, Usually the absorbed
ion is calcium or magnesium which gives a 14.7 A peak. However,
potassium givés a 12 A peak and sodium a 12,6 A peak. Potassium
and sodium montmorillonites should not be confused ﬁith a randomly
interstratified montmorillonite-mica because the glycerine
solvation treatment will yield a 17.8 A pe§k and the :i.rn:.ers1:1:'zat'}.e-°
fied montmorillonite~mica will be nearer a 14 or.15 A peak.
Montmorillonite is the only common clay whoée d-spacing is signifi-
cantly affected by the type of absorbed ion.

When a random interstratification is found in a sample some

idea of the relative percentage of the two components can be


http://www.fastio.com/

L

SUo0.com



http://www.fastio.com/

=31

. found by noting where the peak falls within the given range. For ex-
-ample, g randomdy interstratified chlorite-vermiculite after heat-
ing should have a peak between 10 and 14 A, 1If the peak occurs at
12 A or half-way in between, the chlorite and vermiculite are
present in approximately equal portions., If the peak is at 13 A
there is more chlorite than vermiculite.

A few other notes on clay mineral identification need to be
given, If a 12,1 A peak occurs and is unchanged bj any treatment
then it is a mineral called sepiolite. A peak between 4.45 to
4,60 indicates the presence of layer silicatés, If this peak is
strong and yet very little clay is indicated by the peaks on the
2 8 = 2 to 14° scans check for the presence of halloysite, The

‘ DTA may be able to confi;m hélloysiteo Or a strong 4,45 to 4,66
peak and no strong peaks on the 2 6 = 2 to 14° scans may indicate
a clay having ﬁbor crystallinity. Usually glycerine solvatién
will decrease the peak heights to some extent., This should be
expected,

Non=Clay Mineral Interpretation

To help in identifying non-clay soil minerals Table II has
been prepafed showing the d-spacings for the common soil minerals
found in California. Only the peaks that are likely to occur for
a 20% concentration of a mineral are given. Also the relative
intensity of peaks for .éach' mineral is given with No, 1 signifying
the most intense peak. If a mineral occurs in a small enough
percentage, only thgumost intense peak will be visible., However,
if there is considerably more than 20% of a mineral present then
the complete set of d-spacings for the mineral should be cdnsuited,

Sources for the d~spacings of common minerals is found in Table III.
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It is probably easiest to identify the clay minerals first by
use of the three 2 @ = 2 to 14° scans, Then the 2 @ = 2 to 60°
scan is used to identify the other soil minerals present, Mark‘
the d-spacing on the 28 = 2 to 60° scan for any peak that is clearly
above the background hash, Label all the peaks that represent
clays previously identified. If a DTA has beén run and shows
some mineraié to be present label the Peaks that represent these
minerals. Then using Table I begin at the 1argest'd=5pacing and
work downward to identify the remaining peaks. If a‘peak indicates
that a mineral might be present check to see if the No. 1 peak for
that mineral occurs. If the No, 1 peak is not evident, it is
unlikely that the mineral is there., If the No. 1 peak is present,
look for the other peaks of lesser intensity. Note the relative
intensity of the peaks. Do they agree with the values given in
Table I? There may be superposition, If there.are two minerals
present that have one peak in common the intemsity of that peak
will be the sum of the twoof Thus, the intensity will appear
stronger than normal. Also there may be prgferred orientation,
This is when the individual crystals line up parallel to the front
surface of the briquette instead of being randomly placed. When
this occurs the main peak intensity will usually be enhanced and
the intensity of the minor peaks will drop., |

The d-spacing for the peaks may not agree with any d-spacings
listed in Table I. The d-spacing can be off 40,02 A or more, This
discrepancy can be caused by severél factbrs;“ (1) the chart speed
can éause a lag;, (2) interpolhtion error, (3) slight changes in
chemiﬂgl compoéition will resuit in changes in the size of the

crystal lattice., This latter reason is why the d-spacings for
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feldspar are listed as broad ranges.

Table I represents a compilation of several investigators'
works, In surveying the literature, the investigators do not
agree exactly on the d-spacing and relative intensity of the peaks

for the same mineral. There are several possible reasons for this.

 First, the samples may have been siightly different chemically,

Second, the method of sample preparation was different. Third,
the method of recording the diffraction patterns was different -
powder camera vs diffractometer, This makes interpretation on

the basis of other investigator's work difficult, To the extent

‘that relatively pure soil minerals are present, it is helpful to

run a series of standard charts using the same sample preparation
techniques and diffraction equipment that is used in running un-
known soil briquettes. These standard chérts can then be used
instead of Table I.

Frequently there are two possible minéral interpretations.
Which mineral should be chosen? Usually an auxiliary tool should
be tried. For exaﬁple, heating at 500°C for an hour can differ-
entiate gypsum from other minerals in that it is compietely |
destroyed and thus all its diffraction peaks will disappear.

If the background in a scan is abnormally high the preSence
of free iron or an iron-rich mineral should be suspected,

Even with the information and procedﬁre outlined the‘identifiw
cation of soil minerals can be difficult and many times minor peaks
cannot be identified at all, It is best when interpreting a dif-
fraction pattern to show when there is only weak evidence for a

mineral by including the word "maybe." If the interpretation
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agrees with the knowledge of the geology of the area from which
the sample was taken and the DTA, chances are that the inter-
pretation will be satisfactory.

-+ .QUANPITATIVE PROCEDURES :

Qdantitative work on soil minerals is very difficult. At
best quantitative work is only semiquantitative because of the
many variables invelved that cannot be controlled.,

Ideally, the amount of a mineral present is directly relgted
to its peak height on a diffraction patternq But in practice
there are several other variables besides amwunﬁ of a mineral
that affect the peak height. These variables are (1) particle
size, {2) crystal imperfection, (3) chemical compoéiﬁion, (4)
crystal orientation, and (5) matrix effeét; o

Particle Size: When-pérticles are larger than 10 micron in

diameter poor reproducibility may result because there are too
few crystals in all possible oriéntationso"If a soil sample
ranges from 74 micron (passing No. 200 mesh) to less than 1 micron
the very small particlés may be hidden by the larger ones re-
sulting in underestimation of the small particles present., On the
other hand, if the particles are less than about 1 micron the in-
tensity of the diffraction peak will decrease and become broad at
the base because there are too few crystal planes in each particle
to effectively cancel out all diffraction at angles other than the
critical angle 8, Thus, for very small particles the diffraction
intensity decreases with decreasing particle size,

Particle size has the greatest single effect on reproducibility

of peakrheights on an X-ray diffraction pattern., As the particle
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size becomes smaller the reproducibility will improve and, there~

fore, the quantitative results will improve,

Crystal ;mpérfection: The intensity of diffracted X-rays
is st*ongly affected By the condition of the cfystals° The
extent of discontinuities present in a crystal and the degree of
weathering influence the diffracted intensiﬁy° If a pure mica
sample were ground up its intensit& would probably be twice that

of an équal peréentage of highly weathered mica found in a soil,

Chemical Composition: Chemical variations within the same
mineral vafiety will change the absorptive power and thus in- |
fluence the diffraction intensity., A good example is montmorillonite~
nontronite, These minerals both have the same d-spacings but
montmorillonite gradﬁally grades into nontronite by increasing
the iron substitution for silica. Iron absorbs CuKoc  radiation
six times better than silica so that'the inteﬁsity-for nontronite
is less than an equai percentage of montmorillonite.

Crystal Orientation: Crystal orientation is influenced

primarily by the method of sample preparation and in the case of
clays by the disk-like shape of the particles, Crystal orientation
falls witﬁin two extremes. There is complete random orientatioﬁ
and complete preferred orientation, In randeom orientation the
crfstal planes arérplaced at all angles with respect to the surface
of the'sampleo In complete preferred oriemtation one crystal plane
is placed parallel to the surface of the sample, The results of
orientation can be seen by looking at the relative intensity of

the diffradtion peaks., As the sample becomes more preferably
orientated the relative intensity will shift with the main peak
usually being enhanced considerably and the minor peaké losing

intensity.,
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For quantitative work a randomly. Qrientatedusample 1s mequired
A sample with preferred orlentatlon will not glve the correct
percentages of the mlnerals unless ‘the! particles are all spherical.”

Matrix ngect: The intensity of dlffracted radiation from a

given percentage of a mineral depends‘on the absorptive power of
the‘whols sample. This is the matrix'effect'° If the sample
contains a high iros content the percentage @f‘radiation available
to diffract from the mineral'will be less than if the iron were
not i:resento The scatter and baékground will increase,

There are many methods used to obtain semiquantitative results
but they are all plagued with the above five variables. In some
methods some of the variables can be controlled but in no method
yet devissd can all the variables be controlled.

In addition to controlling the five variables there are
other problems, What should be useq as a standard? is there a
pure montmorillonite? Is there a method for telling the amount of
amorphous material iﬁ a sample?

With these problems in mihd five quantitative methods for
soil analysis will be presented. These are by no means an ex-
haustiﬁs list., It should become evident that a combination of
methods will probably be required to obtain adequate results,

I, CHEMIGAL METHOD: Determination of the chemical compo=
sition of a sample can be helpful. The ampunt of muscovite in a
sample is proporticnal to the amount of potassium oxide provided
that no othér sources of potassium are present in the sample,

Any alkali salts‘can be removed by washing. Any potassium ions can
be removed from a soil by washing with magnesium acetate, Other

common minerals that contain potassium are biotite and alkali
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feldspars,

The main difficulty with using data from a chemical analysis
is that many of the soil minerals do not have a set chemical
composition. The crystal structure remains constant but the
degree of isomorphic substitution can vary over a wide range.
Also many of the soilnminefals have a similar chemical compo-
sition with different crystalline arrangements,

IT. METHOD OF ADDITION: In this method a known amount of a
pure soil mineral is added to a sample and the corresponding in-
crease in peak height caused by the addition is measured, By
calculating backwards the percentagé of the soil'mineral present
in the Samplé can be determined, However, this menhod assumes
that the pure soil mineral added has the same chemical compo-
sition, particle size, and degrée.of crystal imperfection as the
mineral in the sample., This assumption could be'grossly inaccurate,

III. METHOD OF PEAK INTEGRATION: In this method thefareé
under a peak 1s found and used as an indication of the amount of
a mineral present° This method is sxmple and relatlvely fast,

It is hoped that this method may give satlsfactory quantitative
results for montmorillonite within a 42% range for concentrations
less than 25.7;° This is neglecting the variations than can be ,
caused by differences in chemical. composmtlon\and crystalllnltyn
stng the peak area rather than peak helght will compensate for
peak breadening caused by fine particle size, However, if the
montmorlllonlte is interstratified or there are. other minerals
present giving a 14A peak the method is of 1:Lttle value,

Standards are required,
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The author has done some work in setting up standards for
montmorillonite; Cement was used as a matrix since'it has similar
absorption'properties as a non~iron rich soil., Various percEntw
ages of a standard montmorlllonlte from Little Rock, Arkansas, were

mixed With cement and made into briquettes, A 100 second count

“was taken at 2 6 = 4° and 8°, Using a scan rate of 2° /min, the

area between 2. = 4° to 8° was integrated using the scaléro This
was d@né twice, once in each directionu The'backgr@und was cone
sidered to have a stralght line varlatlan between 2 @ = 4 and 8°,
Any eps over the average cps of the background between 2 & = 4 to
8° was considered montmorillonite. Instead of”integra;ing withr
the scaler a planimeter could be used teo measure the area,

IV. METHOD OF STANDARD CHARTS: This is the quickest and

easiest method for making a semiquantitative estimate of the

‘minerals'preseﬁta Standard charts for each mineral at 5, 10, 25,

and 100% concentrations need to be prepared; The mineral should
be mixed with an amorphous material possessingAabsorption proper=

ties similar to common soils. Ground glass has been used. The

same preparatibn and the running of the diffraction_pattern

should be done the same way as for a regular soil sample, How=-
ever, there is the problem of suitable standards, When pure
minerals are graupd and used as standards the intensities are
frequently much highér:than would be yielded by an equal amount

in a natural soil. The difference is prcbably caused by dif-

ferences in crystallinity, Differences in the mass absorptlon

of the soil are not accounted for in this method,
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V. INTERNAL STANDARD METHOD: 1In this method a known amount
of a pure crystalline materiai is added to the sample to serve as
an internal standard, Its main peak should be such that it does
not interfere with any peak in the‘sainpleo Then iﬁ order to
eliminate the matrix effect the main peak height of a mineral is
compared with the peak heighr of the internal staﬁdard, Standards
need to be run to correlate the ratio of thg'mineral.to interhal

standard peak heights to the concentration of the mineral present

in a sample., One disadvantagelof the method is that the sample

is diluted, thus, requiring greater concentration of a mineral

if it;is to be detected. Probably minerals with less than 10%
concentration cannot be seen, This is one of the most widely
used quantitative methods,

in concluding, all the above methods have problems in
contrelling at least one of the five variables, This is why the
second phase of this resedrch project is to develop a relatively
51mp1e and quick method for performing routine quantitative

analysis on 8011 and aggregate samples. The problems of quantita»

- tive work will be dealt with much more thoroughly in the next

report at the completion of the pro;ect°
There are many ways in which a sample can be prepared for
X-ray diffrgction analysisor Thé proper'choice of sample prepar-
ation is governed by what information is desired and the exactness
of the information, H
| In any‘sample preparation, particle shape and orientation
play an impbrtant part, Orientation refers to how the crystal

faces are lined up with respect to the surface of the sample.
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The shape of a particle is influenced by eleavage and crystal
structure, Many minerals form particles.that are not round sliheres°
For instanee, clays'afe disk-shaped so that if the surface of a
sample is smoothed off with 2 glass slide the clay particles will
tend to orient parallel to the surface. This orientation can be
advantageous or not, dependlng on what is being sought. Paratllel
orlentatlon will enhance the main diffractlon peak of a clay and
thus make it easier to identify. Also a smaller percentage of
ciay will be detected than if the sample were ﬁandomly orientated,
However, for quantitative work this parellel orientation of the
clay may hide other soil minerals and indicate a higher percent=
age of clay present than is actuelly there,

Several sample preparation methods will be presented along
with the advantagee and disadvantages of each ¢ne,

Front Pack Method: In this method a powder is placed in a

shallow cavity and the surfece 1eve1ed off by a glass slide. This
method is the gﬁickest and requires 1 gm or less of material.
‘quever, preferred orientation frequently results and there is
little coﬁtrol over reproducibility., If a sample has 25% of its
particles greater than 50 mic¢ron, the clay or less than 2'microﬁ
fraction seems to filter down into the sample while it is beiﬁé
packed into the shallow cavity. This results in the clay intensity
being lower than it should beol

Back Pack Method: In this method a 1/8" x 1" x 21" plexiglas

holder with a %" x 2" slot cut out of the middle is used, A glass
slide is taped on the front of the holder thus making a cavity°

This cavity is packed with a powder sample from behind, After
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the powder is leveled off, a second glass slide is placed on the
back of the holder and the front slide is removed. This exposes
a smooﬁh powder surface that has never had a glass slide drawn
across it as in the front pack method so that preferred orien-~
tation is less likely to occur. Two and one-half grams of

material is required. Particle size is not so critical and re-

"producibility is satisfactory.

Briquette Method: In this method a 1" diameter briquette is
nade from a 5 gm poﬁder sample using 15,006 psi‘pressure. This
method has a great‘édvantage in time saved for clay mineral
identification because the same briquette can be glycerine
solvated and later heated. However, in the back pack and front
pack methods the sample must be removed and repacked between
each treatment. Sometimes the glycerine solvation can be done with~

out removing the sample from the back pack holder. The skill of

the operator is less important for the briquette method than the

two previous methods., The effects of particle size and 6rientation
seems comparable to the back pack except that the peaks at 1ow.

2 © angles show some enhancement., In some instances with pure
minerals the enhancement has been cdnsiderable? 100% or more |
indicating definite preferred ofientation was'pfesent, The
briquette methed does requirelﬁhat the material possess.sufficient
édhesion to stay together., This has been no problem for soils
however some powdered aggregates would not make & briquette and

so the back pack procedure was used instead,

Chemical Method: This is a method for separating the pass-

ing 2 micron material from the rest of the sample. The sample

is first dispersed by removing the natural cementing agents from
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the.soil along with any organic material. Then by centifiging,
the sbil is separated at the 2 micron size. A full explanation
of the method and techniques can be found in "Soil Chemical
Analysis = Advanced Course" by M. L. Jackson, This method has
the advantage of concentrating the clay minerals so that much
smaller quantities of clay can be detected - less than 1% of
the original sample. But the time involved is two or three
times greater than the other methods,

Binder Method: In this method a glass slide is sprayed with

acrylic and immediately a powdered sample is sprinkled on and the
excess blown off. The slide is built up with several layers of
acrylic and powde;'° This is andther way to improve random
orientation. 0,5 gm is usually enocugh, Reproducibility could
be a real problem with this method,

A comparison of the sample pféparation methods discussed
is presented in Table IV, This comparison is general and applies

primarily to clays. It is solely based on the opinion and ex~

SRAY MACHINE VARIABILES

. i
p P ‘;fﬁé;
N g

In operating an X-ray diffraction unit there are many vari-

‘ables that influence the peak intensity, background level, and

‘peak resolution on a diffraction pattern, These variables will

be discussed in this section. The remarks made may apply only to
a General Electric XRD-=5 diffractometer.

X=ray Tube: X-ray diffraction tubes differ as far as the

type of target material, thickness and type of window, tube

efficiency, and power input.

- www.fastio.com


http://www.fastio.com/

nwfastio.com



http://www.fastio.com/

ClibhPDF -

www . fastio.com

“43~

Presently, a General Electric CA=~7 Coolidge copper diffraction
tube is being used. This tube has a 0,010" beryllium window which
transmits 947% of the radiation thaf strikes it. For soil mineral
identification work a copper - target diffraction tube is the
standard,

If a sample contains a large percentage of iron some investi-
gators have suggested using an iron target diffraction tube to
eliminate the high background caused by the secondary flourescence
of the iroﬁ when a copper target is used, This was tried using a
reiatively pure iron pyrite sample, The background was cut by a
factor of four but the peak height above background was no greater
than when u81ng the copper tube, The reason for the 1ack‘of im=
provement in the.peak height above background is that the total
output intEpsitj froﬁ the iron tube is only one-half. that for the
copper tuBe° Also the abscrption by the air, counter tube window,
and the common elements in soils is greater since the characteristic

radiation for iron is softer than for copper,

Kilovolts and Milliamperes: All X-ray tubés have a maximum
power limitation as well as maximum and minimum voltage ::ﬂaqu:l.re‘== )
mentén This power llmltatlon is needed to prevent the target
material from melting since 98% of the input power is d1531pated
in the form of heat° Less than 27 becomes useful rad:.atlono

| Power input in watts = volts times amperes

The intensity of the characteristic radiation produced is

the most important criterion for an X=ray tube, It is found by

the'following formula:
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I=Ai (V=-y)ls
Where: I is;inﬁensity‘in cps
u | A is bonstant
v ié applied voltage in Ky
Vi is critical voltage in Kv
i is tube current in MA
The critical voltage or excitation potential is the minimum
energy that an electron must possess in order to dis;odge an
electron from the K shell of the target material, For copper
the critical &oitage is 8,86 kilovolts, 1In other words, if the
applied voltage across a copper tube is iess'than about 10 Ky,
N0 CuKo- radiation will be produced, Only white radiation can

result,

that the tube current should be as high as the input power 1imi-
tations permit, If the maximum Peak height to back ground ratio
is desired the applied tube voltage should be 3 to 3,5 times the
critical voltage or 30 to 35 KV, |

For a CA~7 copper diffraction tube 50 KV and 16 MA should
be uéed-to obtain the maximum intensity, Operating a little
below the maximuﬁ is conducive to longer tube 1ife, However,
there are times when operating the tube at 30 KV is undesirable,
rhis'will be explained later,” The maximum Power input for the
coﬁper tube is 800 watts and the minimum veltage is 10 Kv,

Fbr the CA=7 iron diffra¢tion tube the maximm Power input
1s 400 watts, maximum veltage is 50 KVS and the minimum voltage
is 10 Rv.
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Target Agglé: The target angle is the angle that the target
in the X-ray tube makes with the beam slit., If the target angle
is zero then no X-rays will reaéh the beam slit. However, as the
targetrangle increases the area exposed to the beam slit increases
and thué the intensity increases, This increase in intensity
versus target angle is parabolic. At 3° the intensity is 82% of
maximum, at 6° 93% of maximum, and at 10° 99% of maximum;
| As the intensity increases with increasing target angle the
resolution decreases, Resolution refers to the angular width of
a diffraction peéik° The better the resolution the narrower and
sharper the peak will beo It will be easier to distinguish from
the background and less 1ike1y to overlap another diffraction
peak, For general diffraction a‘target angle between 3° and 6°
gives a good compromise between intensity and resolution,

Beam,.Soller, and Detector Slits: The baam slit assembly

controls both the horizontal and vertical widths of the X-ray
Beamrhitting a sample. It is placed between the X-ray tube
window and the sample. It consists of two parts = a collimater
and two vertical slits. The éollimator is the stack of hori-
zontal plates within the beam slit assembly that controls the
vertical divergence of the X~-ray beam, The two vertical slits
control the horizontal angular w1dth of the X-ray beam. As the
beam Sllt angle increases the intensity per unit area will de-
creasé some but the total intensity will increase considerably
because the X=ray beam strlkes a much larger portion of the
sample, At 2 @ = 10° the X=rays from a 1° beam slit will cover
a 1" long portien of a sample; X-rays from a 3° beam slit will

cover a 3.5" long portiom and the total intensity will have
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increased by more than 100%. It should be noted that as the 2 @
angle increases the portion of the sample hit by X-rays will de-
crease but the total iﬁtensity will remain constant for the same
beam slit. At 2 € = 45° only a 0.25" of a sample will be hit.by
Xerays if a 1° beam slit is used, A-graph of 2 @ angle versus
sample length required to keep the total intensity canstant
for various beam slit angles is shown in Figure §,

The 81ze of the beam slit also llmltS the 2 6 angle at which
a scan can be started The larger the beam slit is the more
X=rays at low 2 @ angles will completely miss the sample and go
directly to the detector causing very high background° With a 1°
beam slit the scaﬁ may begin at 2 © = 2° but no difffaction peaks
will be detected before 2 @ = 3,5°, With a 3° beam slit the scan
may begin at 2 @ = 7°, The latter 3° beam slit would be entirely
inadequate for clay minerals because the important peak at 14,7A
occurs at 2 9 = 6° The practmcal maximum d-spacing that can be
detected u51ng a 1° beam slit and copper radlation is 25 angstroms,

 The soller and detector slits work together to control the
radiation recelved by the counter or detector, The soller slit
has a collimator much like the beam slit to control vertical
divergénce° The detector is a narrow vertical siit to control
the horlzontal divergence° The smaller the detector and the more
plates il the soller slits the better the resolutlon W111 be,
however, the 1nten51ty will dropo

In summary, the three slits, beam, soller, and detector,
work in combination with each other to control the vertical and

h@rizontal divergence and the intensity of the X-ray beam, Their
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effects are interdependent, Changing any slit may make the machine
operate totally unsatisfactorily, For a soil powder sample a 1°
beam, MR soller, and 0,2° detector slits seem to give the optimum
balancé between intensityg résolution, and initial background,

Filter: The function of a filter is to remove Kg radiation,
This simplifies the lnterpretatlon of dlffractlon charts by
eliminating the diffraction peaks caused by Kp radiation. The
filter material should have an absorption edge just short of the
Kp line for the target material. Usually this is an element with
an atomic number of one less than that of the target material,
For Cu Kp radiétién a nickel filter is used,

The effectiveness of a filter can be determined by using the

following formula:

I _ _-nx e G
om— = 2 = D op—
‘ | Ie e~ /X

Where: 1I/Ie = fraction of intensity transmitted
e = Napierian base
11 = Linear absorption coefficient
M = Mass absorption coefficient

P = Density in g/cm3
X = Thickness of filter in cm.
The ratio of cuKoc to Cu Kp radiation before filtering is apﬁfoxi=
mately 5.4 to 1. The standard nickel filter is 0.0007" thick and
will remove 98% of the Kg and reduce the Ko¢5radiatiqn by 50%.
Thus, aftér filtering the ratio of Koc to Kg is 135 to 1. This
: : means that a 2700 cps Kec diffraction peak is necessary before a

20 CPS;KB peak'will be visible,
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Counters : At present the laboratory has two types of counters
manufactured by General Electric. One is a SPg4 ProportionalcGounter
and the other is a SPE3 Scintillation Counter, _

The proportional counter is a gas filled counter with PR10
gas which is a mixture of 10% methane and 90%'argon. This gas
continually flows through the counting.chamber° When an X-ray
hits the PR10 gas, the gas is ionized in Proportion to the energy
of the incoming X~ray and transmits g corresponding voltage to
the recorder, '

For each counter there is an efficiency curve, This is a
plot of the ability of the counter to detect X-rays versus the
waﬁeléngth of the X-ray, The proportional counter is only 40%
efficient for Cy Kec (1.54A) rvadiation, The efficiency drops off
rapidly for any radiation with a wavelength less than copper,

For FeKoc (1.944A) radiation thelcounter efficiency is 55%, The
proportional counter is not very sensitive to white fadiation°
This results in low background, however, this advantage is over-
ridden by its low efficiency for CuKec radiation and, therefore,
it is not used for identification of soil minerals, o

The scintillation counter has a thallium activated sodium
iodide crystal that phosphdresces when hit by an X-ray, This
crystal produces visible light with an intensity proportional to
the energy of the X=ray. This light is then cohverted into a
voltage by a photomultiplier tube.and sent on to the recorder,

The scintillation counter is 957 efficient for CuKec radi-
ation and has the same efficiency for harder white radiation, 4

diffraction Pattern made using a scintillation counter will have
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a higher general background than ope using a proportional counter
but the efficiency is 2,5 times greater, When the aﬁplied voltage
on the X-ray tube‘is 50 KV and ﬁhe scintillation counter is used
a false peak will occur. This peak uéually occurs at about

2 & = 6° which is where montmorillonite would be found, From run-
ning diffraction patterns on many different pure minerals it was
found that the location of the false peak and its intensity are
related to the location of the main diffraction peak and its in-
tensity, In fact, if there are two or more very strong dif-
fraction peaks there may be two or m@re false peaks; A completely
satisfactory explanation for the false peak has not yet been |
found, It does not appear at all with the proportional counter.

It may be caused by secondary florescence of the iodine in the sodlum
iodide crystal in the counter because when the applied tube voltage
is less than the excitation voltage for iodine no peak appears,

In order to avoid the false peak the applied voltage on the
copper X-ray tube must be kept at 35 KV or below., Dropping the KV
from 50 to 35 caused ;t 30% drop in the X-ray intensity, To
compensate for this a 0.00035" nickel filter is used instead of
the ﬁsual 0.0007", This giveé a net gain of 10-15% intensity over
using 50 KV and a 0,0007" nickel filter, Using a filterlonly
one-half as thick does not remove the CuKy fadiation as effectively
but still a diffraction peak must exceed 1000 cps before the Kp
peak is visible. The background level is increased but the peak
height above background is still considerably better than when

using the proportional counter,
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Pulse.Heigﬁt Selector: The pulse height selector allows an

input voltaée'd%.a certain range to produce an output pulse., It
is an electronic filter, Each X»ray will produce a voltage pro-
portional to its wavelength or emergy level. CUK ¢ radiation
produces a certain voltage and white radiation produces a contin-
uous spectrum of voltages. The "E" value on the.pulse height
selector pfevgnts anle~rays that ﬁroduce less voltage than "E"
to be registeredol Then "AE" supplies a window, Any voltage'
between E and E + AE will régistér as an output pulse. This
seiectorg”howevet, is not 100% efficient so that a small portion
of white radiation will be received. For general diffraction
with CuK¢ radiation values of E = 5 volts and AE = 8 volts are
used, -

Rate Meter: The rate meter indicates the number of counts

per second (cps) that the counter is receiving after the filter-
ing process by the pulse height selector. This is an instantaneous
reading. The numbef of cps that will cause full deflection on the
rate meter is set by the "cps rangé“ dial., Rather than giving a
true instantaneous readiné the‘rate.meter gives a value averaged
over a number of seconds, 'This averaging time is set by the
“tim%\constant"'dial. This averaging will tend to smooth out
fluctuations in the background and may smooth out small peaks if
the time constant is too large, _
Fo; a soil powder sample a 2000-cps range and'i,o second time

constant is used. A continuous recording of the rate meter is made

by the chart recorder and is called a diffraction pattern.
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Above 10,000 cps the rate meter ceases to be linear and
above 100,000 cps the peak will appear as a double peak, This
double pezk‘is really oniy a single peak with a depression in
the middle‘%écausé-the cps have exceeded the capacity of the
scintillation counter.

Scalers/ The scaler counts each output pulsé from the
pulse height selector. The scaler has a timer‘c@nnééted with
it that can be read to the neafestlonemhundredth of a second,

The scaler cén be used in several ways (1) to count f@r)a preset

length of't:‘i’.;meﬂ {2) to count for a presét’numbér of ecounts and

register the time required to obtain the counts, and (3) te

count maﬁual}y where the cperator may stop the coﬁntihgfat any

time, This is frequently used to integrate peaks for quantitative

wofk; A peak is scanned at a slow angular rate and the scaler
will count the total number of cps under the peak. _

The counting error for the scaler is equai to the square
root of theitoﬁal‘number of counts, Error is introduced because
of the production of X-rays is random and there is fluctuation
in the voltage and current supply to the tube. - The error gaﬁ be

~made a small as desired by increasing the count time., NOTE: The
ones digit og%the scaler has been omitted so that a zero should
'always be added to a scaler reading, .

' Scan Rate: The scan raté is the rate at which the goniometer
is béing tufnéd in degrees per minute. Normallj for identification‘
of non-clay minerals a 4°]mino scan rate is used. It gives fairly

. sharp peaks which are easy to'distinguish. A scan rate of 2°/min,
is used if the d-spacing needs to be determined more accurately

and for clay mineral identification where shifts in d-spacing
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- caused by auxiliary treatments need to be seen, The resolution is

no better than at 4°/min. but the distance between peaks is
magnified, Alsc there is a slight gain in peak intensities. De-
creasing the scan rate will cause a small displacement of the

diffraction peaks. The peaks will appear at a lower 2 © angle

because the rate meter requires a finite time to respond to the

diffracted X-rays.

High Voltage Adjust (HVA): When an X-ray hits a counter, a

voltage'proportional to the Wévélength is produced, Hdwever, fhe
degree of amplification of this voltage is a function of the high
voltage potential placed dcross the counter tube., This high
voltage is adjusted by the HVA knob. Because there is always some
fluctuation in the high voltage from the power supply, it is

desirable to pick a high voltage in a region where the effects of

‘this fluctuation will be a minimum. This is found by plotting

high voltage versus cps for a strong diffraction peak. The plot

will have a plateau in it. The voltage used should be in the

middle of this plateau. For the scintillation counter and CuKec

radiation a HVA setting of 650 or approximately 1.4 KV on the
power supply‘is best, |

Alignment: In order to obtain maximum intensity, the beam
slit must be directly in line with the détector slit when
2 @ =0° Being out of aligﬁment by 2 @ = 0.3° can reduce the
intensity that the counté; will receive by 25% or more. This
alignment should be checked every time the X-ray tube is changed
or the goniometer table is disturbedo For the procedure see the

General Electric Manual.
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X=-RAY MACHINE MAINTENANCE

The general approach for X~ray equipment trouble shooting
is presented in this section along with some specific examples,
For detailed instrﬁptions on repair and maintenance see the
General Electric Manual.

The Xéray machine is made up of several individual electronic
units and put together to form the whole. Thus, if the machine
ceases to function properly the first step is to locate the unit
or units in which the malfunction is oceurring, Then with the aid
of tfoubleushooting charts and circuit diagrams trace down thé‘

trouble.

General Warning =~ This machine can be very dangerous;
A person without electronic repair experience and a knowledge of
the circuitry should mnot poke around in the mach:.neo When the
machine is on there is much hlgh voltage about, Even after the
machine is shut off sizeable shocks can be obtained by discharging
capacitors, Also a person could make the troubles worse., The
equipment is expensive to replace. However, all of the break-
~downs to date have been of a nature where a careful reading of
the trouble charts without prior electronic experience has re-
sulted in remedying the troubles., These were such things as
cleaning a relay, replacing fuses, untangling cables which were
- causing inductance, and replacing tubes,
It is helpful in pinning down a trouble to be familiar with
the flow chart for the counting and recording equipment. Tt is
as follows: power transformer —> power supply — counter —=— pulse
height selector —»= scaler and rate meter — rate meter to chart

recorder,
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EXAMPLES

1, TIf the X~-ray machine will not go on when the button is
| pressed check the water valve, There is a safety pressure
.switch, If the machine is not receiving water it will not
go on or if the water stops when the machine is on it will
automatically shut itself off, -

2. If the X-ray machine is on but the X-ray tube will not
function, check the safety micro-switch on the X-ray tube
cover.

3. If the scaler shows more than 10 cps when the X~-ray tube is
off the trouble is usually located before the scaler., Check
and make sure that the counter cables are not wound aroue&
each other. This will produce inductance and cause a high
noise level from the counter., If the cables are okay check

. the cable connnections, A little duet or dirt can cause
noise too, Carbon tetrachloride is a good cleaner,

4, If the scaler and rate meﬁer show a high cps -~ 25 or more,
and the X-ray tube is off, check the relay in the power supply.
”Fllpplng the power switch off and on may suffice, if not,
clean the relay by cloglng the relay (w1th the machlne off)
"and draw a pilece of paper between the contacts.,

5. If a unit ceases to work check the fuses, (Turn off the
machine whlle checking. ) If a fuse is blown and after being
replaced it blows again “then the trouble is_something more

than an old fuse.
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’ About twice a year the machine requires routine maintenance,
There are fans and gears that should be oiled., The power relay
should be cleaned. The whole machine should be vacuumed to re=

move the accumulation of dirt and dust. See the Genefal,Electric

Manual for details,
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TABLE I

D-SPACING FOR INTERSTRATIFIED CLAYS

I. Vermiculite-montmorillonite or Chlorite~montmorillonite

a, Regular Interstratification

Untreated sample
Glycerine solvated

Heated sample
Vermiculite-montmorillonite
Chl@ritewmontmorillonite

Random Interstratification

Untreated sample
Glycerine solvated

Heated sample ,
" Vermiculite-montmorillonite
Chlorite-montmorillonite"

11, Chloritemmica

a,

Regular Interstratification

Untreated sample-
Glycerine solvated:}
Heated sample

Random Interstratification

Glycerine solvated

Untreated sample' \}
Heated sample

I1II. Montmorillonite-mica

de

- www.fastio.com

Regular Interstratification’
Untreated sample
Glycerine solvated

Heated sample

Random Interstratification
Untreated sample

Glycerine solvated

Heated sample

Peak in
Angstiroms
14
14 + 18 = 32 and
1st order at 16
_ 10
14 ++ 10 = 24 and
lst order at 12
14
between 14 and
- 18 '
10
between 10 and
14
10 + 14 = 24
between 10 and
14
10 + 14 = 24
10 + 18 = 28
10
between 10 and
) 14
between 10 and
18
10
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IV. Chlorite-vermiculite

ae

Regular Interstratification

Untreated sample
Glycerine solvated
Heated sample

Random Interstratification
Untreated sample '

Glycerine solvated”
Heated sample

V. Vermiculite-mica

s

www fastio.com

Reﬁular Interstratification
Untreated sample

Glycerine solvated

Heated sample

Random Interstratification
Untreated sample
Glycerine solvated

Heated sample

Peak in
Angstroms

14 + 10 =

between

=~

+

o
0o

. between

between

14
14
24

14
14
10
14

24

= 24

10

10

14

14
10

and

and

and
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d=spading'"A"

14-15
13,5=15
12,1
9,9-10,1
9.,6-20

9,2-9.4
9.1-9.2
8.4=8,5
7.6
7.1-7.3
7.1-7,2
7.0=7.2

" 6.3-6.45
5.0
4,83
4,72
b, 74,9
b5l 60

4,35
4,34
4,29
4,27
4,15
4,05

1STIO.COoM

TABLE IT

D-SPACING FOR COMMON SOIL MINERALS

Mineral & Relative Intensity

Vermiculite (L)

Chlorite (2 or 1)

Sepiolite_(l)
Mica (1) muscovite and biotite

Montmorillonite (1) in various stages of
hydration -

Talc (1)
Pyrophyllite (2)
Amphibole (only 1)
Gypsum (l)
Serpentine (1) antigorite and chrysotile
Kaolinite (1)
Chlorite (1 or 2)
Feldspar _ ﬁ
Muécovite (3)
Gibbsite (1)
Bayerite (1)
Chlorite (éj

Kaolinite, montmorillonite, muscovite,
" pyrophyllite, serpentine and vermiculite

Bayerite (2)
Gibbsite (2)
Gypsum (2 or 3)
Quartz. (2) |

. Goethite (1)
‘Cristobalite (L)
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d=-spacing f'A"‘

boO=tsy2

‘308‘”309

3.79
3,733.75
3.73

3.67
3.64=3,67
3.59-3.64
3.57-3,58
3,52-3,58
3.51
3.44-3,48
3.36

3.35

3.3

3.14
3.1-3.25
3.10

3.06

3,05

3,03

2.97
2,95-3.00
2.95

2,89

2,85

1STIO.COoM

ﬂzﬂ

Mlneral & Relatlve Intensxtz

'Feldspar

Feldspar
Gypsum (4)
Feldspar
Ilmenite (3)

Hematite ESS

-Feldspar

Serpentine (2)
Kaolinite (i)—

Chlorite (é)a

Anatase (i)‘

FeldsPar
Biotite (2), phyrophylllte (3)

Quartz (1)

Mnscovite (2)
Crlstoballte (2)
Feldspar (often two lines), hornblende
Tale (2), pyrlte (5)
Gypsum (3 or 2)
Pyrophylllte (1)
Calcite (1) o
Magnetite (2)
Feldépar

Maghemite (2)
Dolomite (1)
Cristobalite (3)
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8-spacing "A" Mineral & Relative Inten51ty
2,82+2.87  Chlorite (5)
2.8l—2,89'  _ ' Feldspar
2,75 Tlmenite (1)
2,73 Hornblendé ‘
2,71 Pyrite (1)
2,69 Hematite (1), goethite (2)
2.55 Ilmenite (2)
2,53 Mﬁgnetlte (1)
2.51=2,55 | Feldspar
2,51 Maghemite (1)* hematite (2)
2,49 Cristobalite (4)
’ 2.45 " Goethite (3), quartz (5)
2,42 Pyrite (2)
2,40-2.42 Pyrophylllte (4)
2.38 Anatase (3), gibbSLte (3)
2,34 Kaolinite (3)
2,28 Quartz (6) 7
2,22 Bayerité t3)
2,21 Pyrite (3)
2,19 Dolomite (2)
2,10 Calcite (3)
1.99-2,00 Biotite (3), muscovite (4)
1.91 Caleite (2)
1.89 Anatase (2)
1.87 Ilmenite (5)
1.84 Hematite (4)
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: d-SDaéingﬁ"A"‘ | o Mineral & Relative Intensity

1.83 ~ Pyrophyllite (5)
1.82 . Quarez (3)

1,78 " Dolomite (3)
1,72 Ilmenite (4)
1,69 Hematite (Sj
1.63 Pyrite (4)
1,62 Magnetiéef(3)
1.60 Maghemite (3)
1,54 Quartz (4)

* Sources ;

1, Brindley, G. W., X-ray Identification and Crystal Structures
of Clay Minerals., (London: The Mineralogical Society, 1951).
2, Brown, G.,, The X-ray Identification and Crystal Structures
of GClay Minerals, (London: The Mineralogical Society, 1961),
3. giggg?n,M. L., Soil Chemical Analysis -~ Advanced Course,
p

This table was compiled using the above sources and X-ray data
obtained by the author. '
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