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ABSTRACT

The presence of minute quantities of soluble vanadium compounds in
structural clay products made from some high-quality Kansas clays often
causes a green or yellow discoloration which detracts from the sales value
of the products. The Geochemistry Division of the State Geological Survey
of Kansas is investigating methods of eliminating this objectionable dis-
coloration. Colorimetric methods are inadequate for determination of the
very small amounts of vanadium present in the clay and must be replaced
by more accurate and precise methods. A spectrographic method of analysis
which provides the needed accuracy and precision has been developed in
the Survey laboratories and is described in this paper. Typical analyses of
vanadium in several selected Kansas clays are given.

INTRODUCTION
PURPOSE OF THE STUDY

Kansas clays used in the manufacture of structural products,
such as brick and tile, are found generally to contain minute
quantities of vanadium compounds which become at least par-
tially soluble in water as a result of the firing. The water-soluble
vanadium compounds may give rise to an efflorescence which
appears as an unsightly green or yellow discoloration on the
surface of the clay product when it is exposed to weathering.
The discoloration reduces the sales value of the clay produects;
accordingly, the problem of reducing or eliminating the discol-
orations is important to the Kansas clay industry. Solution of
this problem must be based on knowledge of the quantity of
vanadium present in the raw clays and on investigation of what
happens to the vanadium in clay under various conditions of
firing. Under some conditions discoloration of clay products
may occur even if the vanadium content of the clay is as low as
0.001 per cent V.O; (Plummer and Romary, 1947, p. 28); on
the other hand many clays containing considerably larger
amounts of vanadium do not effloresce. A needed first step in
research on the control of vanadium-produced efflorescence is
the finding of a satisfactorily precise means of measuring minute
quantities of vanadium compounds. If such technique for ac-
curate analysis can be developed, it may be used both for testing
raw clays and clay products which have been subjected to vari-
ous conditions of firing. The purpose of this paper is to describe
methods of analyzing the vanadium content of clays.
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24  Geological Survey of Kansa:s—1950 Reports of Studies

Kansas CLAYs SELECTED FOR VANADIUM ANALYSIS

The Kansas clays used in this study (Table 1) were selected
by Norman Plummer for analysis of their vanadium content, be-
cause previous ceramic tests had shown occurrence of a vana-
dium efflorescence in products manufactured from them. Four
of these clays, now being used for brick making, were selected
as standards for comparison with the other clays. The four so-
called standard clays are (Table 1) BT-3-3, BT-1-MR, C-51-C,
and C-51-6.

CHEMICAL COLORIMETRIC ANALYSIS FOR VANADIUM

The best method of chemical analysis for vanadium occur-
ring in very small quantities in silicate materials is a colori-
metric method. The National Bureau of Standards samples listed
in Table 2 were analyzed colorimetrically. In the colorimetric
method, the vanadium is first separated from iron, titanium,
zirconium, and any other elements present which would cause a
color to be developed in an acid solution. The vanadium is then
oxidized in acid solution with hydrogen peroxide, causing a red-
dish-yellow to brownish-red color to be developed, depending
upon the amount of vanadium present. This color is compared
with the colors of standard solutions containing a known quan-

TaBLe 1.—Kansas clays analyzed for vanadium

Township,

Clay no. County Sec. South Range
BT-1-MR Barton SWY; SWIj 21 18 13W
BT-3-3 Barton SW1; SWij 21 18 13W
C-44-3 Cloud Swiy 3 8 3w
C-51-C Cloud NW1y NW 12 6 3w
C-51-6 Cloud Nwily Nwig 12 6 3w
El-43-C Ellsworth N NE!; 25 15 10w
El-60-13 Elisworth SEY3 SW1; 19 15 9w
El-61-18 Ellsworth NE; 19 15 9w
L-10-01 Lincoln Wiz NWi 10 13 W
0-4-16 Ottawa Nw1y 14 9 SW
0-31-5 Ottawa NE1; 7 9 1w

SE) 6 9 1w
S-3-8B Saline NE} 30 15 4w
W-7-2 Washington NwW; 15 2 3E
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Spectrographic Analysis for Vanadium in Kansas Clays 25

tity of vanadium in order to complete the analysis. The colori-
metric determination of vanadium is subject to large variations
in accuracy and precision. These variations are due mainly to
(1) loss of vanadium from the sample during separation from
other elements, (2) the presence of traces of elements other than
vanadium which give colors with hydrogen peroxide, and (3)
the fading of color developed in the sample. Also, it is difficult to
match the color of the sample precisely against the standard
(Hillebrand and Lundell, 1929, p. 362).

Careful colorimetric analysis of materials containing less
than 0.1 percent V,O; commonly vary by as much as 30 to 50
percent of the total V.O; present. Table 2 indicates variations
in V.05 analyses of several U.S. Bureau of Standards samples,
as determined by different analysts.

SPECTROGRAPHIC ANALYSIS FOR VANADIUM

The spectrographic technique used at the State Geological
Survey of Kansas is a modification of the internal standard
method, in which the element of unknown concentration in the
sample is compared against an element of known concentra-
tion in the sample, the known element being the internal stan-
dard. A small sample of the material to be analyzed is placed
in a receptacle machined into one end of a graphite rod, which
constitutes one electrode. An electric arc is struck between this
electrode and another graphite electrode. The heat from the
electric arc causes the sample to be heated to incandescence and
volatilized. The spectrograph receives a small portion of the light
from the incandescent arc, splits the light into a spectrum, and

TABLE 2.—Comparison of vanadium oxide (V:0s) analyses of Bureau of
Standards samples*

Sample Percent V,0, by analyst no.
no. 1 2 3 4 5 6 7 8 Average
69 0.03 0.02 0.03 + + + + + 0.03
76 0.02 0.03 + 0.014 + + + 0.02 0.021
77 003 0035 +  0.029 + + + 0035 0032
78 0.04 0.07 + 0.035 + + + 0.044 0.047
97 0.040 0.036 + 0.044 0.04 0.040 + + 0.040

98 0.030 0.027

+

0.025 0.02 0.025 + + 0.025

*Compiled from the Certificates of Analysis which accompany each Bureau ot
Standards sample.
+ Not determined by this analyst.
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26  Geological Survey of Kansas—1950 Reports of Studies

photographs the spectrum. The spectrum appears on the photo-
graphic negative as a series of short, parallel black lines. Each
element has its own set of lines which appear on the photograph
at entirely different places from the lines of any other element.
The amount of light received by the film, which depends on the
amount of a given element present in the sample, determines
the blackness of the lines of that element. One may measure in-
directly the blackness of any single line on the film by passing a
beam of light through the film and measuring the difference be-
tween the amount of light passing through the clear film and
through the line. This measurement is made by using a photo-
electric cell.

In the internal standard method, by comparing the blackness
of a given line of one element in a sample against the blackness
of a given line of another element in the sample, one indirectly
determines the ratio of the amounts of each of the elements in
the sample. Using a number of standard samples in which each of
the elements is known, one may determine the mathematical re-
lation between the ratio of the blackness of the lines and the
ratio of the two elements. Then a sample in which one of the
elements is unknown may be examined spectrographically, and
from the mathematical relation the unknown element may be
determined. The mathematical relation may be plotted as a
graph, or may be expressed analytically as an equation.

The element chosen to be used as an internal standard must
be very similar to the unknown element in its spectrographic
qualities for the comparison to be valid. That is, the two ele-
ments must volatilize at approximately the same rate, and must
require approximately the same voltage across the electric arc
for the emission of light. In this study, iron was used as the in-
ternal standard, because it satisfies these conditions, and because
it is present in sufficient quantity in all the clays for a very ac-
curate chemical determination of iron content.

The internal standard method for spectrographic determina-
tions tends to minimize errors introduced by interfering elements
and by uncontrolled changes in the operation of the spectro-
graph. Since the unknown element and the standard element are
very much alike, they are affected in the same manner by vari-
ations from sample to sample and by variations of the spectro-
graph operation. Thus the analysis of identical samples will give
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Spectrographic Analysis for Vanadium in Kansas Clays 27

identical ratios of the amounts of the two elements in each sam-
ple; small variations in readings by the operator and small vari-
ations in the composition of the theoretically identical samples
should produce the only errors of this method of analysis. This
ideal is very nearly achieved by the internal standard method.

Once the spectrographic procedure for analysis of an element
has been developed, a large number of samples may be analyzed
within a comparitively short period of time. The minimum num-
ber of samples analyzed for vanadium on our selected standards
was T4. A few analyses varied from the mean values of the
analyses of the standards by errors almost as great as the
deviations of the colorimetric method. However, the great bulk
of data permitted statistical interpretation, which indicated
the amount of error one could expect in any given value of V.Oj
determined. Analytic rather than graphical calculations were
used to avoid the loss of accuracy inherent in the plotting and
reading of graphs.

CHEMICAL ANALYSES OF THE SAMPLES

The chemical and mineralogical composition of both the syn-
thetic standard clay (Table 3) and other clays to be analyzed
should be very similar in order for them to have similar spectro-
graphic qualities for good spectrographic comparison. The char-

TaBLE 3.—Chemical analyses of standard clays

Constituent BT-3-3 BT-1-MR C-51-C C-51-6
SiO: 72.56 76.52 76.58 76.04
AlLO; 17.44 13.57 13.12 14.76
Fe.O,' 1.21 1.75 3.49 1.53
TiO.* 0.84 137 0.66 0.89
CaO 0.40 041 0.45 0.42
MgO 0.31 0.21 0.39 0.34
P.Os trace _ trace trace
SO, trace trace trace trace
Ignition loss 5.68 4.73 4.85 5.08
Undetermined
difference’ 1.56 1.44 0.46 0.94

tAverage of at least ti:ree special iron determinations.
*Gravimetric determination, RO, -+ RO (Runnels, Utter, and Reed, 1950, pp. 51-53).
Primarily alkalies.
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28  Geological Survey of Kansas—1950 Reports of Studies

acteristics of spectroscopic excitation of a material as brought
forth by the electric arc are affected by the composition of the
material. The spectroscopic buffer (see Preparation of Clays for
Spectrographic Use) helps somewhat, but does not overcome all
the differences between two dissimilar clay samples. Selection of
the standard clay was based upon the similarity of chemical
compositions of the standard clay and the clay to be analyzed for
vanadium. Table 3 gives chemical analyses of the standard clays.
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SPECTROGRAPHIC DETERMINATION OF VANADIUM
IN CLAY

There are several general steps in our spectrographic analy-
sis for vanadium in clays. They include: preparation of syn-
thetic standards, preparation of the clay sample for spectro-
graphic analysis, the actual analysis, and interpretation of data
obtained.

PREPARATION OF SYNTHETIC STANDARDS
OUTLINE OF PROCEDURE

Because no suitable standards were available, a set of syn-
thetic standard clays had to be prepared in order to have a basis
of comparison for use in testing other clays. The following para-
graphs describe the preparation of the synthetic standards. The
general procedure was as follows: (1) removal of some of the
vanadium from one of the clays to form a matrix containing less
vanadium than did the original clay; (2) grinding the matrix;
(3) special chemical analyses of the iron content of the standard
clays; (4) qualitative spectrographic analysis of the scum re-
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Spectrographic Analysis for Vanadium in Kansas Clays 29

moved from the clay; and (5) addition of known amounts of
vanadium (V.0;) to weighed portions of the matrix, forming
samples which contain the minimum vanadium in the matrix
plus known added amounts of vanadium..

DETAILS OF PREPARATION

Removal of vanadium.—All the clay samples to be used as
synthetic standards were pulverized in a pan mill and made into
standard test bricks about 1% by 1% by 7 inches. A small part
of each brick was reserved and the remainder was treated with
the A.S.T.M. test for efflorescence of soluble salts in bricks (A.
S.T.M.,, 1946, designation C 67-44, p. 191). The bricks were placed
on end in beakers and half submerged in distilled water which
carried the soluble salts, including those of vanadium, upward
in the ceramic material. Evaporation of the water caused the
soluble salts to be deposited as a scum at the upper surfaces of
the bricks. After several days of this partial immersion, the bricks
were removed from the beakers, and the scummed portions
chipped off. Thus, some of the vanadium was removed from the
bricks being treated. ’

Grinding the matrix.—Next the test bricks (scummed por-
tions removed) were ground for 4 to 8 hours, first with a porce-
lain mortar and pestle, then in a porcelain ball mill using por-
celain pebbles. The ball mill reduced the maximum particle size
until a representative portion of the sample could be washed
through a 200-mesh screen; the balance of the sample was then
assumed to be sufficiently pulverized and mixed for spectro-
graphic use.

The small parts of the bricks which were reserved before the
immersion treatment were pulverized in the same manner for
later treatment.

Chemical analysis.—The clay from which a part of the van-
adium had been removed served as a matrix (containing the
minimum vanadium) which was almost identical in all other
respects to the original fired clay. Because iron was to be used
as the internal standard, especially precise chemical analyses
for the iron content of both the original clay and the minimum-
vanadium clay were made. No change in the iron content was
noted.
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30 Geological Survey of Kansas—1950 Reports of Studies

Analysis of the scum.—Qualitative spectrographic analyses
of the scum from the bricks showed the main metallic content
of the scum to be vanadium. The remainder of the scum was
mostly alkalies and alkaline earths. The only major change of
the minimum-vanadium matrix from the original clay was de-
crease in vanadium content.

Addition of known amounts of vanadium.—To weighed por-
tions of the minimum-vanadium clay were added small, known
amounts of vanadium oxide. By this means, samples containing
either more or less vanadium than the original clay but having
identical iron content and identical matrices of all other consti-
tituents were prepared. For example, to 100 grams of the mini-
mum-vanadium matrix of clay no. BT-3-3 was added 0.0043
grams of V.0O;. The vanadium content of this 100-gram portion
of the minimum-vanadium clay was thus increased by a known
addition of 0.0043 percent V.0;. To similar portions of the
minimum-vanadium matrix of clay BT-3-3 were added sufficient
V.0 to increase the unknown minimum vanadium oxide per-
centages by known additions of 0.0064, 0.0084, 0.0106, and 0.0128
percent V.O;, respectively. In this way seven clay samples of
identical character except for their vanadium content were
obtained. These comprised (1) the original clay, (2) the mini-
mum-vanadium clay, and (3) the five portions of minimum-
vanadium clay to which different known amounts of vanadium
had been added. The other three standard clays (Table 3) were
treated in a similar manner.

PREPARATION OF CLAYS FOR SPECTROGRAPHIC ANALYSIS

A spectrographic buffer was added to each of the clays to
stabilize the arc current when exciting a sample by volatilizing
it in the electric arc, and to aid in carrying the sample into the
arc. Experimental spectrographic work showed that powdered
graphite was not a satisfactory buffer, because it allowed the arc
current to become unstable. A more satisfactory buffer was
potassium Dbisulphate, because it kept the arc current stable
until a few seconds before the sample was completely volatilized.
Also, the use of potassium bisulphate prevented the burning
of much carbon in the are, permitting a long period of excitation
with no interference from cyanogen bands in the spectra. There-
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Spectrographic Analysis for Vanadium in Kansas Clays 31

fore, equal portions by weight of clay and potassium bisulphate
were mixed, then sintered over a low flame in small porcelain
crucibles. The sinter cakes were pulverized with a mullite mortar
and pestle, and the powdered samples stored in small glass vials
for use in the tests.

SPECTROGRAPHIC METHOD

The spectrographic equipment used was manufactured by
Applied Research Laboratories, and includes:

(1) 1l.5-meter grating spectrograph, the grating having
24,400 lines per inch.

(2) D. C. arc unit, output 250 volts with current variable
from 3 to 15 amperes.

(3) Densitometer-Comparator, for quantitative measure-
ment of the blackness (opacity) of spectral lines.

(4) Logarithmic calculating board.

(5) Electrode cutting machine with mandrel for cutting
platform electrodes with centerpost.

In addition, a magnetic arc rotator was built and mounted on
the optical bench of the spectrograph. The magnetic rotation of
the arc causes smoother burning of the sample, which stabilizes
the arc current and makes the analyses much more reproducible
(Myers and Brunstetter, 1947).

The conditions of sample excitation and the optical settings
were adjusted for the different clay samples to provide optimum
control of sample volitilization and of quantitative measure-
ments. The average conditions and settings were as follows: (1)
exposure time, 60 seconds; (2) light transmission to grating
decreased to 0.10 by the rotating sector opening and to 0.383 of
the 0.10 by the grating doors, so that the amount of light passed
to the grating was very nearly 0.0383 of the maximum available;
(3) arc gap, 5.5 mm; (4) current, 11.5 amperes; (5) slit, 50
microns. The average variation of the arc current was about
#+0.1 ampere, with variation of +0.5 ampere during the last
5 or 10 seconds. Because the arc current had to be controlled
manually, the arc gap could not be held constant. However, ex-
periments showed that very little of the electrodes burned away
until the last 5 or 10 seconds of excitation. During the remain-
ing time, while the last small fraction of the sample volatilized,
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the gap distance of the electrodes increased 0.5 to 1.0 mm. The
lens was set on the optical bench to focus the arc on the grating
(parallel rays of light from the lens to the slit for uniform slit
illumination). Moving film spectra showed that very little of
the iron or vanadium was left to burn during the last 5 to 10 sec-
onds.

Eastman spectrum analysis No. 1 film was used. After ex-
posure, the film was developed for 3 minutes in Eastman D-19
developer, shortstopped 10 seconds in 3 percent acetic acid,
fixed 1 minute in Eastman rapid fixer (X-ray), washed 1 minute
in rapidly flowing tap water, rinsed 30 seconds in distilled
water, and dried for 1%2 minutes with an Applied Research
Laboratories infra-red film dryer.

Multiple exposures were used to aid in smoothing out the
data. By superimposing on the film five exposures of the spec-
trum of a single sample, one may cause the film itself to reduce
the overall experimental error. This required reduction of the
rotating sector opening to one-fifth the opening required for a
single exposure. The film received the same total amount of light
as for a single exposure, but actually recorded the average of
five exposures (Fassel and Wilhelm, 1947, p. 1).

Platform electrodes with center posts were made from
regular grade spectroscopic carbons; the platform shape provides
for a rapid temperature rise to the boiling point of the sample and
for less heat conduction away from the sample. This shape also
aids in preventing the arc from creeping up the side of the
upper electrode. To prevent mechanical loss of part of the sample
during handling, a drop of alcohol saturated with sugar was used
to cement the sample to the electrode.

The film was calibrated graphically in the region between
3150 and 3250 Angstrom units, as described by Brode (1943,
pp. 110-113). Several densitometer readings of background and
line transmission values were obtained for each exposure, to
ensure that the average readings would be as nearly correct as
possible. Background corrections were made from the film emul-
sion calibration curve (Brode, 1943, pp. 113-114). The lines ex-
perimentally selected as best suited for the densitometric read-
ings needed for the internal standard method were V 3183.9
and Fe 3225.79, iron being the internal standard. There was
no discernible interference of the vanadium line; the iron line
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Spectrographic Analysis for Vanadium in Kansas Clays 33

sometimes had interference from a calcium line, Ca 3225.9.
The interference was minimized by the use of a spectrograph
slit of 50 microns, somewhat less than that recommended by Ap-
plied Research Laboratories, but still suitable if the densitometer
slit is narrow enough to cover the width of the photographed
lines. The ratio of the densitometer galvanometer deflection for
the iron line to the deflection for the vanadium line was com-
puted logarithmically from the film emulsion calibration curve
(Brode, 1943, pp. 106-110).

StATISTICAL TREATMENT OF DATA

The largest source of error in this work was due to a com-
bination of varying sample sizes, varying arc current, variations
in film processing, and several other spectroscopic factors. Be-
cause these errors are seen only in the measurements of the
opacity or blackness of photographed spectra, they are logarith-
mic in nature. Therefore, any statistical treatment of the data
had to be performed upon the logarithms of the deflection
D (Fe).
D)
metric mean (algebraic mean of the logarithms) of the deflection
ratios, and the probable error of the logarithm of the mean de-
flection ratio. The probable errors were converted to percent-
ages of the mean deflection ratios, making the positive probable
error larger than the negative probable error in most cases. The
formulae are as follows (Croxton and Cowden, 1939, pp. 221-
226, 240-245, 691-705):

ratios, log The statistical formulae used gave the geo-

(1) Geometric Mean
10gG= (logX1 + IOgX2 + ...+ IOgX\;) /N
where G — geometric mean
X1,X., ... Xy = deflection ratios of each trial
N = number of trials.

(2) Deviation from the Geometric Mean
x, ==log X, —logG,i=1to N
where x; is the logarithmic deviation of the i-th term from
log G.

(3) Probable Error (logarithmic)
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Because multiple exposures were used, with five superim-
posed exposures per spectrum, each spectrum must be consid-
ered equivalent to five identical items in the statistical distribu-
tion. The formula for the probable error becomes

P.E.= 06745 [5x,°+ 5x.” 4 ...+ 5 Xy’
\ 5N —1

It may be shown that the probable errors of the determined
amounts of V.O; are very nearly equal to the probable errors of
their deflection ratios; they will be used as though equal.

ANALYTIC CALCULATION OF VANADIUM CONTENT

In the graphic method of quantitative spectrographic analy-
sis, one plots data for known samples to obtain a working curve.
It may be shown from a consideration of tl:e physical pheno-
mena of spectroscopy and densitometry that the analytic relation
corresponding to the graphic method is

, D (8)

log (U/S) = a log DUy + b,
where U is the concentration of the element to be determined,
S is the concentration of the standard element, D. is the densi-
tometer-galvanometer deflection of a spectrum line, and a and b
are constants to be evaluated.

The constants a and b may ordinarily be determined from
spectrographic data on two different standard samples for
which S and U are known. In this study, U, the total vanadium
concentration, was not known in any of the samples standard-
ized. Hence, at least three samples were required to find the
three unknowns, a, b, and U. The three simultaneous equations
obtained by getting spectrographic data on the three samples
are transcendental equations, involving ordinary numbers and
logarithms, and are not subject to algebraic solution. A graphic
method was used to obtain an approximation to the solution,
and Newton's method for the solution of transcendental equations
was used for the final solution.

When a and b have been determined for a set of synthetic
standards (Table 4), the V.O. content of the original sample
may be calculated using the equation above. Samples other
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Spectrographic Analysis for Vanadium in Kansas Clays 35

TABLE 4.—Analyses of synthetic standards for vanadium oxide (V.Os)

Deflection

sl::].p?efs ge;:rl'ntlle(;'ric Percent as p}:erfcbez;)bl]aegeer;?rv._o,
Clay examined mean V.0, (+) (—)
BT-3-3 (Constants: a = 4327, b = —1.4477)
Original clay 14 0913 0.0415 5.5 5.0
Min. V.0, 15 0.831 0.0399 838 8.2
x percent
x +0.0043% 15 1.004 0.0441 124 11.0
X +0.0064% 15 1.160 0.0461 98 8.9
b +0.0084% 14 1.281 0.0483 111 10.1
x +0.0106% 14 1.432 0.0505 11.2 10.1
x +0.0128% 15 1.589 0.0527 8.2 7.6

BT-1-MR (Constants: a — .4327, b = —1.4477)

Original clay 20 0.528 0.0473 75 7.0

Min, V.O;, 20 0.429 0.0433 9.0 8.2
x percent

x +0.0021% 20 0.481 0.0455 6.8 6.4

x —+4-0.0085% 20 0.699 0.0534 15 14

x +4-0.0171% 20 0.896 0.0595 15 1.5

C-51-C (Constants: a = .3331, b = —1.4855)

Original clay 15 0.366 0.0816 9.7 8.9

Min. V:O,, 15 0.272 0.0740 10.5 9.5
x percent

x + 0.0043% 15 0.312 0.0774 39 38

x + 0.0085% 14 0.390 0.0834 12 1.2

x 4+ 0.01707%% 15 0.507 0.0910 14 14

C-51-6 (Constants: a = .4078, b = —1.4647)

Original clay 15 0.896 0.0502 3.9 3.7

Min. V.O,, 15 0.576 0.0419 10.6 9.6
x percent

x + 0.0043% 15 0.769 0.0472 1.8 18

x + 0.0085%¢ 15 0.959 0.0516 25 2.5

x + 0.0170%% 15 1.328 0.0589 6.7 6.3
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TABLE 5.—Analyses of some selected Kansas clays for vanadium

oxide (V:0s)

Clay no. o Clay used for
BT-3-3 0.0415 .
BT-1-MR 0.0473 *
C-51-C 0.0816 *
C-51-6 0.0502 .
C-44-3° 0.144 C-51-6
El-43-C 0.044 BT-3-3
El1-60-13 0.022 do
El-61-18 0.038 do
L-10-01 0.037 do
0-4-16 0.046 do
0-31-5 0.024 do
S-3-8B 0.064 do
w-7-2 0.029 C-51-6

*Original clays of the synthetic standards, Table 4.

than the standard samples are analyzed (Table 5) for V.O; by
use of the equation, setting in values of a and b for that standard
sample which is chemically most similar to the unknown sample.

DiscussioN oF REsuLTs

The spectrographic analyses of the clays studied show that
all contain vanadium in the same order of magnitude. This in-
dicates that, in general, the spectrographic method for the deter-
mination of small amounts of vanadium in clays is valuable for
determining which Kansas clays contain troublesome amounts
of vanadium. The method can be used along with the many
ceramic tests necessary for the evaluation of ceramic raw
materials. The probable errors of the V.O; analyses of the clays,
other than the standards, may be assumed to be of the order of
# 10 percent, somewhat greater than the probable errors of the
standard clays. A clay which has been shown, by comparison
with a standard clay, to contain sufficient vanadium to cause
possible efflorescence may be analyzed by the method used for
the standard clays, if a more accurate analysis is desired. The
comparison method will be adequate for most analyses.
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The analytic method used to obtain the vanadium concen-
tration of the standard samples is not as accurate as the method
of least squares, used for evaluating physical data; but the dis-
crepancy is very small (Croxton and Cowden, 1939, p. 694).
This is especially true for cases in which the plotted data give a
straight line (Figs. 1 and 2) because it is relatively simple to esti-
mate the best straight line to draw through the points.

Doubt may be expressed as to whether the precision of the
work justifies carrying three significant figures in the vanadium
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values of the standard samples (Table 4). If the precision were
less than the calculated probable error indicates, the mean values
of the deflection ratios would more likely be inaccurate. This
would cause a much greater scattering of points about the
straight lines of the examples. Because the plotted points fall
so nearly on the lines, it is very unlikely that the vanadium
values listed for the standards are much in error. Considering.
the number of samples analyzed and the statistical treatment of
the data, this was to be expected, assuming the validity of the
spectrographic and mathematical methods. Three | significant
figures were retained for the standard clays, but the probable
errors were also listed in order to indicate the trustworthiness
of any single value for vanadium.

The probable errors of our V.O; analyses of the standard
clays indicate that a high degree of precision may be obtained,
much better than the precision of the usual colorimetric methods.
A more suitable spectrographic buffer than the potassium bi-
sulphate is being checked; if it proves satisfactory, the probable
error should be reduced further.

CONCLUSIONS

The spectrographic method developed for this study (i.e.,
making synthetic standards and analytic calculations), should
be applicable to analysis for other elements difficult to deter-
mine by chemical methods when present in small quantities.
Also, the method need not be confined to the examination of
clays; with suitable sample preparation and spectrographic
buffers, most industrial minerals should be adaptable to this
method of analyzing for their trace elements.
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