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THE DETERMINATION OF THE ALUMINA CONTENT
IN DIASPORE AND HIGH ALUMINA CLAYS.

INTRODUCTION

The determination of the alumina in diaspore and kindred
high aluming clays has been & problem which has attracted the
interest of ceramists and chemists ever since a sample of Mis-
souri disspore was first sent for analysis to the laboratories
of the Wissouri School of Mines and Metallurgy in 1917.

At the outset, although these clays contain silica and
silicates, the standard proocedure for silicate analysis had to
be modified somewhat in order to handle them., Again, although
that modified method gives results that are acceptable chemical-
ly, 1t cannot be used for control tests in many cases because
of its high cost and the excessive length of time required for
the determination., Hence, there is an urgent need by those ac-
tively engaged in mining and grading, dbuying, or selling dia-
spore and burley clays for & rapid, inexpensive, fairly acourate
method for arriving at the alumina content of them.

It is not unusual then that efforts have been made to de-
vise & direct means for alumina determination. TUnfortunately
these have met with only limited suceess thus far, and at the
present time most work on this problem is being done on indireot
methods of estimetion, some of which give promise of being fair-

ly accurate and satisfactory.

It is the writer's intention to review in this paper the

various published methods for the determination of alumina in



high alumina clays and to present & new indirect one that after
some months' use in industrial prabtioe fulfills, in some meas-
ure at least, the need outlined above.

In addition, the method used by miners in the field to
estimate the alumina csontent of the clay and grade it thereby,
will be discussed in detail.

A ocareful search for articles on alumina.determination
was mede by systematiocally examining all abstracts of the Jour-
nal of the American Ceramic Soclety to date, the bibliography
of the Transactions of same, and books and papers on chemiecal
analysis. It is believed that no important analytical methods

were overlooked.
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REVIEW OF METHODS

1. The Orthodox Chemical Wet Method.

Since the diasnore-flint series of clays appear silic-
eous, and do contain up to about 45 per cent. 5i0g, it would
seem upon first thought that the alumina in them could be de-
termined by following the standard procedure for the analysis

1 However it was

of silicate rocks &s outlined by Hillebrand.
found by Thornberry, Who probably was the first chemist to
analyze NMissouri diaspore clay, that fﬁsion in NapgCOg, the
initial step in the usual silicate analysis, would not break
down and dissolve diaspore. It was necessary to modify the
older silicate analysis procedure by using NaOH instead in the
dissolving flux, and this change, praposed by Thornberryz, is
8till being made in diaspore analysis. After the fusion the
analysis proocoda essshtially the same as the standard one for

silioates,
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1l g, F. Hillebrand, The Analysis of Silicete and Carbonate
Rocks, U. 8, Geol. Survey Bull. No. 700.
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2 M. H. Thornberry, Method of Analyzing Diaspore Clay, Jour.
Amer. Cer. Soc., 6, 1261-1262, (;923).
Same author, A Treatise on Missouri Clays, Bull. of Missouri
Sohool of Mines and Metallurgy, Technical Series, Yol. 8,
¥o. £, Feb., 1925. (Gives complete clay analysis procedure

in detail.
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The objections to the determination of alumina by this
method are its cost, about 3ix Dollars per sample, &8 & min-
imum, and the time for its completion, at least two days.
Not many routine control tests can be run on & low-priced
commodity when the coat of each test is as much as six dol-
lars, Again, if material is to be tested before purchasing,
shipping, or manufacsturing, and information 88 to its meet-
ing specifications is not available within at least two days
after sampling, the time elapsed i3 so long, in many ocases,
that the information is of no value when received, or, if
the material be held until results of the test are received
the delay will be so expensive as to be prohibitive.

There is no guestion at the present time but that this
0ld established method will be the stand-by and standard of
comparison for other methods, but in 8ddition, & faster and
less expensive one, even though slightly less accurate, is
alsa needed.

2. A Less Well Known Method Using B8-Hydroxyquinoline.

4 wet method for a rapid direct determination of alum-
ina was outlined in 1928 by Josef Robitachek.a He claims
that determinations can be made in one and one-half hoursa,
and his date, although extiremely limited, indicate an ac-
ocuracy comparable to the long wet method. |
Josef Robitschek, The Use of 8-Hydroxyquinoline for the
Chemioal Analysis of Silicates, Jour. Amer, Cer. 3oec.,

11, 887-594, (1928).
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His method involves the usue]l fusion, and solution of the
fused cake in acid, then precipitation of the alumina with an
8-hydroxyquinoline-acetic acid reagent, followed by washing and
re-dissolving. An excess of standardized potassium bromide-
brom&éte solution is added to the dissolved precipitate and the
surplus of bromine which has not been consumed by the aluminunm
salt is back titrated with a solution of NagSy0z, after potassium
iodide has been added. The standard bromide-bromate solution is
quantitatively consumed by the aluminum salt and the amount of
it (aluminum salt) present can be calculated readily.

It is obvious that thias is a quick determination and it is
hoped that American ceramic laboratories will give it a thorough
trial. Robitschek reports results on only 2 clays of 29.8 per
ocent, and 37.8 per cent, alumina content, and on a fire briok
containing 41.% per cent. alumina. Inasmuch as no more data by
Robitschek, or either data or comments from laboratories doing
high alumina oclay antlysis using this method, are available, the
writer must remain non-commital on it. It is quite evident, how-
ever, that more work must be done on the nethod before it will
meet with general approval. The high price of 8-hydroxyquinoline
in 1928, $14.00 per 100 grams, will tend to hinder extensive work
with 1t. It is gquite probable, as was pointed out, that the
price is high simply because there has been practically no demand
for the chemical, and that it, as was the oase with dimethyl-
glyoxime, will be sold at & much lower figure if a merket 1is

established.
Incidentally, & short direct method is also described 1in



Robitschek's article for the determination of alkalies, and this
should also be investigated further.

6. Indirect Methods Utilizing Physical Properties.
(a) Field Estimation. Non-technical, non-laboratory.

At the present time practiocally all of the diaspore and
burley clay mined and shipped from that district is graded by
workmen in the pits. Their method of estimation of the alumina
content, although cerude and non-technical, is surprisingly effi-
cient. Its value shouid not be under-rated. The men, after
familiarizing themselves with a few characteristic samples that
have been analyzed, grade the clay readily to within 5% of the
actual alumina content.

They use only the'physical properties of the clay &nd char-
acteristios dependent upon them, whioh include the blackish mark
ieft on the elay by steel tools, such as the auger, the pointed
wedge "gad," and the pick, when reducing the slze of the boulders;
the feel of the clay, whether rough or slick; the way it breaks,
i.e., fracture; the sound given off when struck by a tool; the
amount of "shot," oolites, or burls present; and, to & lesser ex-
tent, the grain; the way it "chews," i.e,, the abpasive action
when ground between the teeth of ihe workman; and the "weight,"
specifiec gravity, of the boulder.

These characteristics are indiecative of the alumina content

of the clgy as follows:
Phe "marking" or "blacking" of the clay upon tooling.,
A dark gray to black, or blue-black tool mark is left upon
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& good diaspore clay when split with a pick or gad (a steel
wedge), or cut with an auger. The intensity of the color of
this mark is dependent upon the abrasive action and hardness
of the clay which, in turn, is dependent upon the alumina
content. An explanation follows:

Diaspore clay contains a varying amount of mineral re-
ferred to as the mineral diaspore (the correctness of its name
is questioned by some students), the richest clay containing
the most dlaspore, whereas the poorer clay, i.e., lower in
alumina, contains in addition, as an impurity, k&glin-likp bond-
ing material. The hardness of diaspore, according to Dana, is
6.5-7, in contrast. to the hardness of kaolin, which is 2.2-8.
Henoce, as the quality of the diaspore clay becomes higher, the
quantity of the harder pure diaspore mineral that it containﬂ
inoreases, its sbrasive action becomes more pronounced, and the
"gtreak" of the steel tool will be darker. Experience has shown
that & dark mark begins to be left upon damp clay when the alﬁm-
ina content is about 60 per cent. or above. A pronounced black
is left upon olay containing 68-70 per.cent. alumina, and & very
deep blue-black color upon the select clay containing 72 per
cent. alumina and above. A certain amount of practice in Judging
the depth of color and its éorresponﬁing alumina eontent is
essential for close estimation. Dry clay of the same quality
does not retain the mark nearly so well as damp clay, and its
alumina content can not be estimated accurately by this method.

However, in the workings, where the clay is damp from ground
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water, the writer finds this method to be one of the most re-
liable means of estimation.

In some pits, the grader carries a small geologist's ham-
mer, the head of which he rubs over the clay, and determines the
quality from the mark left. Clay shippers and buyers often use
the steel of their pocket knives to "mark" with when estimating
alumine content.

Caution must be observed when teating low grade clay by
this marking method, because a gray or darker colored clay, when
rubbed with a harder substance, will, in many oc&ses, crush or
pack to a darker color than the surrounding material. This darker
color is, of course, not referable to the abrasive mark and oan
easily be distinguished from the other when this difference is
kept in mind. It should also be noted that, altho first grade
diaspore clay possesses a hardness of over 5.5, it is usually
more friable than the second grade, which is softer, but it is
not orushed as easily. Friability and hardness should not be
confused,

"Feel" of the Clay.

Diaspore clay is rough and harsh to the feel (toueh) re-
gerdless of its texture. Flint clay has the slickest feel be-
cause of its extremely fine grain and smooth conchoidal fracture.
Phe feel of burley and second grede clay is intermediate between
the extremes. Good diaspore clay, in fact, is sometimes spoken
of a3 the "rough" or "rough clay" because of that physioal pfop-

erty.



The Way the Clay "Breaks,"™ i.e., Its Fracture

This is another valuable and very reliable distinguishing
characteristiec. The best conchoidal fracture, an excellent one,
is developed in the flint clay, containing about 40 per cent.
alumina., This "sliok" break continues until clay reaches about
a 55 per cent, alumina content at which the conchoidal break
glves way to & more hackly fraoture. Above 65 per cent. alumina,
and particularly &bove 70 per cent., the fracture 18 quite rough.
Even in very fine textured clays the fractured surface on first
quality diaspore is rough.

The Soundé Given Off When Struck by a Tool

First grade diaspore when being gadded or picked gives off
a dead sounding, cushioned plunk in contrast to & higher pitched
clink emitted by burley or second grade clay when’tooled. The
rebound from & tool striking inferior olay is greater than that
when working 1h the best clay. Perhaps the greatest difference
is noticed above and below 65 per cent. clay. Many times & pit
hand can classify a lump of clay before it is even broken open
simply by noting its action when tooled. This Judgment becomes
second nature with those of long experience at mining.

fne Amount of "Shot,™ Burls, Oolites Present

The quantity of the small concretionary diasporitiec par-
ticles scattered thruout the body of elay is & good eriterion
for alumina estimation but operates im opposite ways depending
upon whether the matrix is poor or good clay. A flinty fractur-
ing clay with about 10 per cent. of its surface dotted with

oolites usually contains 45 per cent. alumina as & minimum, As
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the number of oolites increase the quality of the clay increases
until the alumina content reacshes 60-65 per cent. In other words,
the quality of a burley of poor second grade clay varies directiy
&g the quantity of oolites in the flint;like matrix. With the
first grade diaspore, the rough fréacturing clay, the opposite
holds true. Diaspore clay that is best, that containing in ex-
cess of 70 per cent, and partioularly 72 per cent. alumind, will
contain few if any oolites. As 5 to 10 per oent. of the surface
of diaspore becomes oolitic the alumina content will drop to 67-
68 per cent.

The "Grain®™ of Clay

Flint clay and the matrix of burley clay are dense and
very fine-grained, diaspore is generally coarse-grained. Aitho
some diaspore is so filne-grained as %o resemble ohalk its appear-
ance is always "rough" in contrast to the fine-grained, flinty
surface of the poorer clay. Diasgore, in many instances, is
quite porous, and this aids in lending & coarse-grained appe&ar-
ance., Clay ocourring at the surface of pits (surface boulders)
is markedly pofous. Perhaps this is dus to cavities left thru
leaehing of impurities. It may be noted here that the surface
boulders chareacterized by their brown iron-oxide stained surface,
usually ocontain in the neighborhood of 70 per cent. alumina. The
jdea that they are superior to &ll clay found in the same pit
hes been found to be erroneous. Clay lying immediately below
the surface boulders has, in geverel instances, been found to
ner in alumina than the surface boulders themselves. Sur-

run hig

face boulders then may be always considered first grade clay,but
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not necessarily always the best. Diaspore clay, in addition

to being more porous, is likewise far more permeable to water
than burley clay. Strata of diaspore in a pit face or runway
will remain damp and dark due to the movement of water to the
surface instead of drying, as the impervious flint or burley

does. |

The Way Clay "Chews"®

Diaspore oclay, when ground between the teeth, retains
its abrasive action, due to its inherent hardness, even when
finely pulverized, but flint or burley, because of its high
content of kaolin-like material, is quickly ground up and "goes
to water” 'in one's mouth.

Altho diaspore hes a higher specific gravity (3.3-3.5,
Dana) then kaolin (2.6-2.63), a boulder of diaspore is usually
lighter in weight than one of equal size of burley or second
grade because it (diaspore) is more open textured and porous.
Phis property is less importent and is not commonly used in
clay grading.,

As a means of summary of the ways that this non-tech-
nical field estimation of the alumina content of clay is made,
a table has been prepared which, if followed, will aid in
classifying the clay.

Scheme for the Estimation of the Alumina Content

of a FPield Specimen

A Qamp sample from the pit 1s to be estimated. It is
broken to expose a freash surface,



Surface shows:

Rough, hackly fracture. Marked with steel.--Over 60
per cent. Alp03. Probably diaspore.

Sliek, conchoidal fracture. Does not mark with steel.
--Under 60 per cent. Al50z. Probably burley or "seconds."

surface examined more closely shows:;

Typical conchoidal fracture. Few or no oolites. ILess
than 45 per cent. Alp0gz.

Conchoidal fracture but up to 20 per cent. oolites.
45 per cent. to b0 per cent. Alp0gz.

Oolites abundant (up to 50 per cent.) but flinty frac-
ture of matrix between them 50 per cent. to 65 per cent.
AlpOg.

Oolites predominate, or an irregular fracture, not
typically conchoidal. Will not blecken when rubbed with
8teel., 55 per cent. to 60 per cent. Alg03.

Rough fracture. Rough surface. Retains light non-
uniform black merk when rubbed with steel. 60 per cent.
to 65 per cent. Alg0z. '

Rough fracture. Entire abhsence of "slick" break. Mat-
rix crushes fairly easily to a powder. ©Powder often seen
on surface. Marks well with steel. Some ocolites present.
65 per cent. to 70 per cent. Alp0gz.

Rough fracture. Usually friable, Harsh feel. Few
oolitea. Prominent uniform black mark retained whenm rub-
bed with steel. 70 per cent. to 72 per cent. Alp03.

Same &8s above but deep blue-black steel mark. Over
72 per cent. Alg03.

3 (b) Iaboratory or Semi-laboratory Methods Utilizing
Physical Properties
The difference in physical properties of clays varying
in alumina content is likewise used in laboratory methods of
moderate precision to determine the alumina content of the clay.

The teats employed may be made in 2 well equinped plant labor-
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atory, or, since apparatus of highest accuracy and delicacy is
not essential, a small field laboratory may be set up &t the
pit and determinations mude there. The difference in specific
gravity between that of diaspore, 3.4, and that of kaolinite,
2.6, has been taken advantage of in making this type of deter-
minations.

The idea was first brought to print by Wherry4, who in
desoribing the identification of diaspore, suggested crushing
the unknown clay to 60 mesh and shaking in a bgomotorm solution
of 2.8 specific gravity. The kaolinite, caleite, gquartz, ete.,
will float, whereas diaspore and some of the iron and titanium
minerals sink in this liquid. The presence of diaspore is in-
dicated by a light-colored, heavy residue, the other minerals
usually being dark.

H. S. Mcheana, in an unpublished menusoript, proposed
the separation of diespore from surrounding lower gravity clay
by using acetylene tetrabromide, sp. g. 2.95, and, having
weighed the clay originally and the residue diaspore after
separation, caloulated the percentage alumina content of the
sample. His plan was to orush the clay, dry it, and shake up
with acetylene tetrabromide in & separatory funnel and draw
off the heavy residue which could readily be dried and weighed.
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4 E.7.Wherry, Field Identification of Diasporite, Am, Mineral.,
3, 154, (1918).
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5 Asgistant State Geologist of Missouri.

- - . 0 A B A B e W N G A WS W R S R AR W R W W R e e e o o . o o A W o o o -



It 1s doubtful if this method was used to any considerable
extent, although it appears to be quite practical.

The most recently published work utilizing the high
specific gravity of diaspore is by Phelps and Hughes®. Their
method is to erush the diaspore to 40 mesh, dry, and weigh up
20 grams. This sample is put into a special bottle equipped
with a special stopper, and containing a standard uniform vol-
ume of water. After thoroly wetting the clay by shaking, a
graduated plunger is introduced thru the stopper and immersed
until sufficient water 1s displaced by it to overflow the top
of the stopper. The depth of immersion is read on the gradu-
ated plunger and this figure referred to an empirical graph
having alumina percentage plotted against plunger readings.
The graph wes prepared by drawing & ourve thru points repre-
senting plunger readings of clays plotted against the analyzed
alumina contents of the same.

This method 1is sound theoretioally for there 1s quite
obviously a difference between the volume of a 20-gram sample
of high alumina, high density diaspore clay and that of a low
alumina, low density flint clay sample of the same weight,and
more of the plunger will have to be introduced to f£ill the

bottle when it contains high density clay than when the sample
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® Stuart M. Phelps and A. C. Hughes, A Rapid Iethod for the
Estimation of the Alumina Content of Diaspores and High
Alumina Clay, Jour. Amer., Cer. Soc., 13, 1-4, (1930).
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is of low density. The relationship between the density of
the clay and its alumina content is sufficiently constant to
permit the fairly accurate calculation of one from the other.

A slight error, as one would expeot in an indirect
method, is usually present in the PheIQS—Hughea rapid deter-
mination. A study of their results shows that:

30 per oegt. °£ tEe oalcgl&ted values are 0-1% in error
n

27 n " o1.2g
Summing 57 " " LI n "less than 2% " "
43 " " non " " are over 2§ " "

The desirable features of this method are that, (1) the
time required for determination is small, only an haur being
needed for grinding and drying and four or five minutes for
the actual determination, (2) the apparatus is not delicate
nor complicated, (3) samples may be tested in the field immed-
iately after quarrying.

On the other hand, 1t 1s often not desirable to attempt
to do precise analytical work in the field where quantity pro-
duetion is the goal, nor to equip a laboratory, even crudely,
there. Also it might prove quite expensive to keep a man cap-
able of making acocurate tests at such work exclusively in the

field, unless he has enough to run to take all of his time.

4. Indirect Methods Using Chemical Analysis.
Forbes¥, in 1928, suggested that the alumina content

7 C. R. Forbes, Winning of Missouri Diasnpore, Burley, and

Flint Clays, Jour. Amer. Cer. Soc., 11, 204-214, (1928).



of diaspore could be found, not necessarily by its own lengthy
determination, bdbut 1ndireétly, by a calculation involving the
silica content and loss on ignition., He first determined the
usual amount of impurities in the clay from & pit and assured
himself that alkalis or other deleterious substances were not
present in excess. Then he added the average percentage of the
impurities of the clay to the determined silica and ignition loss
of a sample and subtracted that sum from 100%4. The remainder was
the calcoulated alumina content. This method has the advantage
that it is fagster than & straight alumina determination because
8ilica and ignition loss can be obtained quicker, but on the
other hand, the acouracy is much less and the cost about the same,
It {8 doubtful if Porbes*' method is being used extensively at the

present time.

4 (). A new indirect chemioczl method described.

A fact of considerable importance was brought forward when
it was rdund that a,definite relationship exists between the sil-
ica and alumina contents of diaspore and burley clays and that
thia relationship is sufficiently constant to be expressed math-
ematicelly. This being true, a oaloulation of the alumina content
can be made with fair accuracy from an analysis for silice alone,
thereby dispensing with the more lengthy alumina determination and
cutting the cost of analysia into approximately half, since 810y
oan be determined in a small fraction of the time &and at a third
the eprnap of Aly0z.:

‘Ehn.mathematieal formula expresaing this calculation and

relationship was developed by Dr. M. E. Holmes, and its excellent
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agreement with actual analyses is shown by the graph plotted by
the writer. The development of the formula is given below.

It has been commonly believed for some time that diaspore
and burley clays are a mixture of diaspore, Als03.Hs0, and
kaolinite, or & like mineral having a composition essentially
Hqd1p5120g, and some other minerals as impurities. The indica-
tions are that this belief is the truth. Then, when the sample
of dlaspore or burley clay is analyzed the silica that is found
will be that which was in the kaolinite, and therefore for each
per cent. of that 310z present there will be .85% of Als0z, the
ratio of 2 SiOp, 120.2, to Alp0z, 102.2, whieh are present in
the kaolinite molecule in such proportion. Expressed in & @dif-
fTerent way, .85 x % Si0z = % Alz03 in kaolinite.

Similarly, the quantity of kaolinite in the clay sample
is calculated from the ratio & SiOp : HyAlpSis0g which is
120.2 : 258.1, or 1 : 2,15, Then 2.16 x % S10p = % keolinite.

The diaspore in the clay is equal to 100% - % kaolinite
or 100% - 2.15 x % S10z. But diaspore contains 85% Alp03.
Hence, the AlpOz in the diaspore will be .85 (100 - 2,16 x % Si0z).
The total alumina content of the sample can be expressed:

$ Alg0z = .85 x % 8103 # .85 (100 - 2.156 x % S10z)

The graph of this equation is shown by the dotied line
AA on Graph No. 1. This line, however, does not fall on any of
the plotted zetual Sioa-A1203 analyses, a&ll of whieh lle below.

That is the case because so far theimpurities in the clay have



been neglected. A oursory examination of a few &iaspore
analyses shows that about 5 per cent. of impurities such as
iron oxide, lime, magnesia, titania, alkalis, etc., are pre-
sent. A more accurate determination of the amount of impur-
ities present 1s necessary, and this was made by taking the
average of tne deviations of caluulated alumina content from
the actual alumina content of 165 analyses of diaspore and
burley clays. It was found to be 5,1%.

The method used in determining the average deviation

from the 165 analyses is shown by the short table below:

Alz03 Calou-
lated from
Actual Actual the formula
Sample Si0g Content Alp0z Content given above Correction
2 10.56 70.26 74 .67 -4 .41
3 21.05 59 090 64 045 -4 053
4 25.66 52.43 59.869 -7.46
5 22,75 55.69 62.42 -7.07
6 15 .‘g 62.51 69 .93 "7 062
8 2? 080 52.06 57 006 "6086
9 34.66 45.43 51011 “'5&61
10 26.06 54.%4 59,52 -5.18
11 25.38 56.26 63.15 -5.88
12 14.88 66.63 71,38 -4.75
13 59.10 40 .66 47.72 =7.06
15 S2.80 47.62 B7.86 5,32
16 <0.80 60.08 65.01 ~5o.4d
i 99.58 454,25 46,30 ~-3.06
18 29,28 49,97 56.48 -6.41
19 18,21 60.86 67.10 ~6.24
20 $5.06 45,02 50.73 -5.71
a2 7.86 7%.89 .32 «d.43
23 8.31 72,15 76.87 -4,71
24 31.56 48.83% 54.15 -5,32
&6 17.89 62.30 67.52 5,28
a1 6.35 73.61 78.70 -5.09
&€ 10.90 69.76 74 .35 -4,59
2¢ 12.59 68.81 72.69 -3.88

Average -5.12
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To repeet, the calculated 41503 18, on the average, 5.1%
higher than the actual Al303. This deviation must be applied
as a negative correction factor, -5.1, to the formula, after
which 1t represents the 3i103-Al1203 relationship of the average
clay. The corrected formula then becomes:

% &1505 = .85 x % Si0p £ .85(100 - 2.15 x % S1i0,) - 5.1

Line BB is tae graph of this equation. It occupies
practically a median position with reference to the results of
the analysis of 481 diasnpore and burley clays which are shown
plotted with Al,05 content as abscissa and Si0p as ordinate,
The unquestionable applieability of the mathematical equation
ia obvious., It takes on still more weight when it is reoognizod
that this set of analyses is absolutely representative, and is
probably the most extensive one of its kind in existence.

Furthermore, the analyses are not chosen, but include
all of those made of the diaspore and burley clay sent in to
the lijssouri Clay Testing and Research Laboratories over a
period of several years excepting that those above 4% Fe 05 &nd
3.5% alkalis (combined) were rejected. This rejection should
be made because clay that high in flux would not Be used in
the manufacture of refraotories. Hence the data are comprehen-
sive, nractical, and reliable.

A oheck on the accurascy of the results obtalned by this

indirect method shows that:

64.3 per cent. of the caloulated values are 0-1% in error
L L] n ” .

2.4 " 8 " o124 v ®
Summing 88.7 " w n m " gyglyes less than &, " "
andll.0 * LA values are 2-3,56" "
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| Only a scattered half dozen are sufficiently
inaccurate to be worthless,

This method gives greater accuracy than the
Phelps-Hughes method, although the two should herdly be
compared. One (Phelps-Hughes method) i1s adapted to
field use whereas the other is strietly a laboratory
analysis. Viith the latter the men at the mine are not
concerned with fine analytiocal technique or apparatus,

The sampler there simply sends his ec¢lay to the chemist
for a silica determination. Upon receipt of the results
he refers them to the graph and reads the corresponding
Alzoz content, The method is rapid, acourate, and inex-
pens ive.,

The writer wishes to acknowledge again the cour-
tesy of the staff of the Missouri Clay Testing and Research
Laboratories in making available the results of their high
alumina clay analyses. The analytical cost alone of them
18 in excess of $2500, and this combined with the field
work necessary to their collection would make &n investiga-

tion of this kind, for its own sake, entirely out of

question.

4 (b). A modified Sioz-Alzo3 method.

A more or less empirical but simpler method of

obtaining the AlgOg content from the 310 of high alunina
clays involving less caleulation and no graph, was formu-

lated by the writer.

-20-



The 3105 content is simply subtracted from 80 in
case 310z is less than 20%, and subtracted from 80.5 in
caze 3105 i3 over 20%, tne remainder in the subtraction
in either case being the Alp05 content. As will be
shown later, the accuracy of this method is essentially
the same as that of the one using the mathematical
formula.

The theory substantiating the subtraction method
is as follows: Theoretically pure diaspore contains
85% Alp0y and 15% HgO. It was shown that the clays under
discussion contain about 5% impurities. This subtrected
from §5% leaves 80% which represents the sum of the 3i0p
in the kaolinite and the Aly,0y in the mixture of kaolin-
ite and diaspore. ience, 80 - % S10, = % Al,05. Kaolin-
ite contains 14% HpO and 86% Si0s £ Alz03 in kaolinite,
The clays lower in alumina, the burleys, contain more
kaolinite than diaspore. Therefore, the 3i0z in these
ig subtracted from 80.5. A8 was previously stated, 80.5
1s used as the subtrahend when 5i0p is greater than 20%,
these cluys being in the burley class.

The deviations of the ealculated alumina content
from the actual alumina content by the subtraction
method are shown in Gréph No. 2. (Same analyses as in
Graph Fo. 1). Line CC represenis exact agreement--zero
deviation. It also shows the positive applicability of

this method. Upon inspection it is seen that:

-2]-
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64 per cent. of the calculated values
&rﬁ.--............ 0‘1% in Brror

&4.,2 " " " " ocalculated values .
a'relnooo'ooooo.a.' 1-2% n "

Summing 88.8 ™ " n " calculated values
are less than,.... 2% " "

and 11 n " » " caloculated values
&re............... 2“3.5%“ n

The advantage of this method is that the ocaleulation
can be done in the field, "in one's head,” without graph or
pencil.

The last two methods have been tested out and used
by the writer in actual practice, and have been found highly

satisfactory.
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