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INTRODUCTION

It is a common belief among those persons
manufacturing dry pressed brick that the shape of
grain of the clay used for this purpose would
materially affect the physiecal properties of the
resultant product. Some believe that clays, dry
pan-ground, give a better produet than clays disine

tegrated mechanically or passed through rolls. In
some recent 4dry press investigationsl it was found
that some milling methods gave an advantage o{er
other methods, in the matter of pressure trans-
mission. Due to this, a possible cause for the
advantage was attributed to the shape of the grains
resulting from the various methods of grinding.
Note.

l, Investigations of the Dry Press Process. E.T.

Harvey Report to the Memphis meéting of National
Brick Manufacturers Assoclation. February, 1930,



OBJECT

It 1s our purpose therefore, to ascertain, if
possible, just how large a variation in shape of
grain is produced by the commonly used methods of
milling and in this way‘see if there is sufficient
variation in the shape of these grains to cause the

variation in the resultant dry press product,.

METHOD OF INVESTIGATION

To determine the variation in shape of grain
some basis of comparison has to be established.
It is therefore proposed to divide or classify the
various shapes of grains as chunky, flaky, and
elongated.

Chunky grains are those having all axial
dimensions approximately the same value, such as
a cube or sphere.

Flaky grains have the dimensions in one plane
about the same value but the third dimension is
only a small fractional part of the other two dimen=-

sionse



Elongated greains have two dimensicns approx-
imetely the same but the third dimension is greater

than that of the other two.

MATERIALS USED

The materisls selected for this investigetion
are the seme as those used in otner dry press
operations. They very greatly in their physical
properties, and cover practically the entire plasticity
renge used in the dry press process of brick making.
The meterials and mixes follow:
Semi Flint Cley (b)

IFigsouri No. 1 TFlint Clay

1.

2o

3. Grog (=)
4, Cheltenham Clay (b)

5. Semi Flint Clay (b) 92%--Grog (b) 8%
6. Grog (D)

7. North Iissouri Semi Flint Clay 92%
Grog (a) 8%

8. Cheltenham Clay (b) 25%--Missouri MNo. 1
© Flint Clay 75%



4,

9. St. Louis Surface Clay (red burning loess )}
10. Cheltenham Clay (¢}
11l. North Missourl Semi Flint Clay

12. St. Louls Surface Clay 14.3%--
Cheltenham Clay (c) 85.7%

13. St. Louls Surface Clay (a)

PRINCIPLES OF GRINDING

There are six principles of grinding, which
can be employed in grinding, they are as follows:
l., Compression
2. Rollaction
3. Beam action
4, Impact
. Attrition or abrasion
6. ‘Slaking action
No method of grinding employs all of the
grinding principles. Each method has one or two
of the principles as an important factor and may
have several minor influeneing factorse.

The dry pan method of grinding has compression



and rollacticn es the importent grinding factors,
Tet pan grinding employs the ssme principles es does
the dry pen. The difference of operstion being,
the wet pan has no screen plates for the clay to
drop through upon rescuing a certsin size. ater
is also a2dded in the wet pan method of grinding

and if the ck y is ground too long the clay mey
begin to sleke if the moisture content is grest
enough., This introduces the principle of sleaking
acticn. The principles of grinding in the ball
mill method of reducing clay to sufficient size is
attriticn or abresion., The rolls have as a primary
grinding principle rollaction, there is &lso
compression and some beem action. TImpact is the

grinding principle in the disintegrator grinding.

VETEODS COF KITLING AND SCREENING

Each of the mixes and the single cleys were
subjected to the different methods of grinding
which are as follows: Dry pan, rolls,‘béll mill

wet pen, and disintegrator.



The grinding being continued until the entire
semple hed passed through 8 mesh., The Cheltenhsn
clay (¢} and the St. Louis surface clzys wvere
ground until the entire ssmple hed pessed through
10 mnesh, |

The clay and mixes 1, 2, 3, 4, 6, =znd 11 were
ground through 8 mesh by the dry pen, rolls and vall
mill methods of grinding., Samples 9 snd 10 were
ground through 10 mesh by these respective me thod s.
Clays end mixes 5, 7, and 8 were ground through
8 mesh using the dry pen, wet pen, end disintegrsﬁor
methods df grinding. One ssmple of number 5 was
also dry pan ground through 10 mesh. liaterials
9, 10, and 12 were ground through 10 mesh by the
dry pen, wet pen and disintegretor methods respectively.
Taterial number 13, St. Louis Surfece Cley (a) was
ground through 10 mesh by 211 five of the methods
of grinding.

Fach batch was guartered to secure a represent-
ative samplé for screen analysis, The sample was

placed in a Tyler Rotsp mechine for twenty minutes.



The contents of each screen on 10, 14, and 20 were
weighed to the nearest one-hundredth of a gram and
the percentsge retained calculated. The porticn
through 20 mesh was not studied for it would have
required the use of 2 microscope to differentiate
the shape of greins.

The semples teken from the screen analysis
were then quartered to secure & representative
sample. The sample of each screen analysis was
weighed and then seperzted into flaky, elongsted,
and chunky grains, these were weiglhed and the per-
centage of each caelculated on o besis of the whole
sample. The representative sample from which the

greins were studied contained about 200 to 250 grains.

PRESENTATION OF DATA

The data collected is presented in the tables
but it was impracticable to present plots of each
individual screen analysis. Average percentage of
grein shapes of the three grein sizes for each

moterizl were plotted.
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DISCUSSION OF RESULTS.

)
The results of this investigation follow

very close to the statement of J. F. M(:.Mahon.l

He attributes the shape of grains to the character
of the material and the method of grinding and the
amount of grinding.

Studying the plots the most noticeable condi-
tion is that the chunky greins predominate the result
of every method of grinding. This predominance of
chunky grains varies though with different methods
of grinding. The variation in amount of chunky
grains lles between 63.4 per cent, the minimum which
was caused by the disintegrator method of grinding
and the maximum of 94,6 per cent which was caused
by wet pan grinding. The total variation of chunky
grains was 31.2 per cent, plot number 8 shows this
variation, The materials were Cheltenham Clay (b)
25 per cent and No. 1 Missourl Flint Clay 75 per
cent all through 8 mesh,

pexture of Ceramle Materials by J. F. Mclahon,

%&llatin 672, of the Canada Dept, of Mines, Mines
Branche.



The veriasticn between the maximum end minimum
percentege of elongated greains was 20.83 nercent.
The mexinmum was 24.5 nercent where disintegrator
grinding was employed. This is shown on plot 7.
The material was of the con:osition 92 percent
Yorth I'issouri Semi-Flint Clay and 8 percent grog.
The minimum percentage is snown on plct 13,

wiiich was that of St. Louis Surface Clay (a)
resulting from wet pan grinding.

The disintegrator #nd wet pan grinding methods
e2lso produce the highest and lowest percentage of
flaky greins respectively. This may be seen by again
refering the reader to plot number 8.

Since several plots have been pointed out in
the discussion of meximum snd minimum percentsge of
grain shepes resulting from different grinding
methods it shall also be pointed out that plots 2,
3, 6, 9, 10, snd 13 show very little variaticn in
grain shapes as the result of the grinding method
employed, rolls, dry pan, and ball mill grinding

were the g¢riading methods used.
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The remaining seven plots which zre 1, 4, 5, 7, 8,
11, and 12 show a veriation of more than 10 percent
in grein shapes due to different grinding methods
used.

The curves show the results of grinding when
rolls 2re used to be very nearly the ssme in every
case. The percentage of flaky, elongete’ and chunky
grains is not a constant amount, but one cen see
that the shape of the curves are s2lmost identical,
there being a smell percent of flaky greins, with
a small gredual increase to elongated grains and
then the curve steepens to the percent of chunky
greins which predonminate forvevéry method of grinding.

In grinding with rolls the grinding principle
is rollaction, & smell part of the grinding is also
due to compression, It seems reasonzble to state
thet grinding in which rollsction and compression
are employed would producé gr: ins which are flaky
and elongated. There is no abrasicn which would
ceuse the grains to become round. As the clay is
ground to smaller grein sizes the chunky grains

begin to predominate and the longer the clay is
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ground to reduce it in size the amount of flaky and
elongeted grains are decreasing. The amount of
flaky and elongeted greins produced by grinding

with rolls e#lso depends upcn the character of the
clay. 8St. Louis Surface Clay will alwsys have chunky
grains predominéting. This clay in its natural

state occurs as round or chunky grsins, The cleay
crumbles easily and thus being easy to grind will,
not slter the original grains s$hape to any great
extent for the clay has under gcne very little strain
in grinding. in keeping with the statement that
sufficient grinding of any clay will cause the chunky
grains to incresse, it may be stated that the surface
clay upon the first applicetion of grinding would
have more chunky grains than the clay in its

natural condition. This statement would not be true
for clays which are brittle or tough and of large
enough grain size to cause the grains to shatter.

The curves showing the resulting effects whe n
employing the dry pan method of grinding vary con-
siderably. some of the curves tske the same form
as those showing the results of grinding with rolls.

The @urve showing the results of dry pan grinding
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Missouri No. 1 Flint Clay, brings out a characteristiec
which 1s entirely different from the other curves,
in that there is a decrease in elongated grains. The
curve starts with about 11 per cent of flaky grains
and decreases to 9 per cent of elongated grains and
then increasing to the chunky grains which predominate.
Naturally this result is attributed to the method of
grinding and character of clay.

The main principles employed in dry pan grinding
are compression and rollaetion. In grinding such a
claey as Missouri No., 1 Flint Clay which is hard and
upon being ground would tend to break with a concoidél
fracture will have more flaky and elongated grains, as
will be noticed if one would examine table number 2,
In looking over this table, it will be seen that the
flakiness of grains increases as the grains become
smaller and the amount of elongated grains decreasese.
. As stated before, Missouri No. 1 Flint Clay is hard
and it requires more grinding to put the clay through
8 mesh than a clay such as Cheltenheam or the St. Louis
Surface Clays, for this reason the chunky grains pre-
dominate, since the fleky and elongated grains have

had ample opportunity to be converted to chunky grains.



Curves showing the results of the wet pen
method of grinding bring out en interesting point
thet there are very few flaky greins regerdless of
what kind of clesy wes ground. The predouminance of
chunky grains is also less.

et pan grinding employs the ssme principles
as tla t of the dry pan grindiug. The difference
in 2ctual grinding is that the pan does not contain
screen pletes, and water is added. If the grinding
is carried on sufficiently long the cley will be-
gin to slake, the result being to break down the
flaky #nd elongated grains and an increase in chunky
grains brought about by rollaction on the moist clay.

The ball mill method of grinding employs the
principle of attrition to reduce the size of the
clay greins. BSo when having attrition or abresion
as the pripciple of grinding one would immediately
think that there would be very few flaky and
elongated grains. From the plots this is usuelly
true, that the percent of flaky greins is less than

that of any of the other methods of grinding.
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The above reasoning does not always hold for
elongated grains., If one will look at the tables
and compare percentage of elongated grains for the
three different screen analysis and ball mill grind-
ing with respective screen analysis of the other
milling methods used, it will be seen that there
is a greater decline in elongated grains as the
size of grain decreases. This rapid rate of decline
is not approached by any of the other methods of
grinding, Therefore the plots may not always bring
out the fact that there would be a smaller per cent
of elongated grains. One can see though by examining
the individual data for each screen amalysis and
grinding method, that the chunky grains increase
rapidly upon increased grinding. This increase
is greater for ball mill grinding than for other
methods of grindinge.

The disintegrator method of grinding employs
the principle of impact to grind the clay. There
is a continuous shattering of clay grains until the
clay has been reduced to sufficlent size to pass through

8 or 10 mesh. With the disintegrator method of
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grinding now in mind, it will be easy to see why the
resulting per cent of flaky and elongated grains is
greater with this method of grinding and less pre-
dominence of chunky grains. The tabulated results,
of grinding with a disintegrator, more plainly show
the effect of the amount of grinding; there being a
great increase of chunky grains on 20 mesh as com—
pared to the per cent of chunky grains on 10 mesh
screen.

A elay such as St. Louis Surface Clay which
can be crumbled in the hands shows very little
effect of elongated and flaky grains being in
greater percentage when compared with the other
methods of grinding the same clay. This can be
attributed to the clays loose structure. Tough,
hard, and brittle clays show the opposite results.

It has been stated that the shape of grains
depends partly on the structure of the clay as
well as upon the method of grinding. While dis-
cussing the results, with reference to the effect
of grinding, something was also mentioned about the

clay characteristics. It is deemdl advisable to
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discuss the results of grinding with respect to
character of clay even though there may be slight
repetition of statements.

The St. Louis Surface Clay is a clay as the
name indicates occurring as surface deposits in the
St. Louis area, known as loess.b This clay was
deposited by the wind and its natural grain shape
is such that the chunky or round grains predominate, .
due to the method of deposition, The original
deposits have undergone no physical changes so there
will be no alteration of grain shapes to change them
to any other shape than chunky. The clay is loose
and requires very little external force to reduce
the size of the clay grains so they will pass through
8 or 10 mesh., Since this clay is easy to grind, there
should be very little change in the resulting grain
shape from original grain shape.

The Missouri No. 1 Flint Clay is hard and
compact, and on breaking will break with a con-
coidal fracture. The clay when ground will have
many flaky and elongated grains due to its being hard

and its tendency to break with a glassy fracture.
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The North Missouri Semi Flint Clay is compact
but is not as hard as flint celay and does not break
with a concoidal fracture, so, upon grinding, it
should have less flaky and elongated grains,.

Cheltenham clay is compact, but is slightly
softer than Semi Flint Clay. The clay does not
break with a ceoncoidal fracture. There should be
very little difference in the resulting grain
shapes when compared with Seml Flint Clay. It
might be stated that, due to this clay being slightly
softer, there should be less flaky and elongated
grains, but to no very noticeable extent.

When comparing the tabulatled results of the
different materials with fespect to the three screen
analysis, 1t will be seen that as the grain size
decreases, the amount of chunky grains increases.
The results are just opposite for elongated grains,
for as the grain size decreases the amount of elong-
ated grains also decrease in almost every case,

The tabulated results showing the per cent of

different grain shapes for the three screen analysis
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bring out that no definite statement as has been
made above could hold, The amount of flaky grains
increases as the grain size decreases when the
material is Missouri No. 1 Flint Clay. The clays
that are more compact bring out the results to the
greatest extent, but even loess shows the same
results in a much modified degree. The method of
grinding seems to also exert some tendencies on

the amount of flaky grains either increasing or
decreasing. The flaky grains inecrease in amount
with a decrease in the size of the grains when the
grinding is done with a disintegrator. With wet
pan grinding there is a very slight tendency toward
the per cent of flskiness of grains inereasing,
There is no definite statement which can be made
when the grinding is dry pan, rolls, and ball nill,
The veariation in most cases is very small and it
seems possible that the determining factor governing
whether the flakiness of grains inecreases or de-
creases with decrease in grain sige, would be the

character of the claye.
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CONCLUSIONS

The results show that the methods of grinding
employed and the character of the clay have an
effect on the resulting grain shapes produced when
the clay is ground. A4Although the results show that
the resulting grains, for some methods of grinding,
will vary but little.

The cruwves have such a shape that there is
a gradual inecrease in percentage of elongated
grains and the chunky grains always predominating.
The results of wet pan grinding have a more noticeable
effect on the shape of grains produced, in that there
is a very small per cent of flaky and elongated grains.
There are no flaky grains at all in some cases and
the chunky grains arg in larger preponderance than for
any of the other grinding methods. Disintegrator
grinding has Just the opposite grinding effect,

The character of the clay has an influence on
the shape of the resulting clay grains when ground.

When a cley is eompact and hard, it will shatter
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upon being ground and the grains will be more
flaky and elongated. A clay which breaks down
easy, as for example St. Louis Surface Clay, will
have few flaky and elongated grains.

When comparing the percentage of grain shapes
with respect to the three different screen analysis
which were on 10, through 10 and on 14, or through
14 and on 20, the smaller the size of the grains
the greater was the per cent of chunky grainse.
Therefore the grain of any material can be rounéed
by sufficient grinding, employing any method of

grinding.l

l. Texture of Ceramic Materials by J. F. McMahon,
Canada Dept. of Mines, Mines Branch. Bulletin 672,



ABSTRACTS

Canada Dept. of Mines, Mines Branch
Bulletin No. 672, Texture of Ceramic Materials
by J. F. McMashon,

Round-Shaped Grains. Many materials such
as some silica sands ocecur as round grains in
nature, but the grains of any materisl can be
rounded by sufficient grinding, either in ball
mills, or even in wet pans., Therefore the pro-
duct from any grinding apparatus is apt to be
rounded grains,

Angular-Shaped Grains. These are the
product of erushing machines. Any deviece that
does its work with one or two blows and then
sends its materiel on to the next aperation
tends to bresk down the shape of the particle
and not wear its corners down as is the case
with grinders.,

Flaeky grains sre pecullar to certain

types of material, and rether than being the

21

product of méchinery (that is to say controllable)

are products of nature,



Clay grains (the ultimate grain of clay)
are thought to have & platy or lamellar shape,
though some ceramists c¢laim that there is a

great variation in clay grain shapes.

Bureau of Mines, Reports of Investigatiqns,
Determination of Flakiness of Ores, Serial No,
2899, by Coghill, Holmes, and Campbell.

The discharge from rolls was more flaky
than the discharge fram the ball,mill.

Some evidence was cbtained to justify
a hypothesis that size of maximum.flakinéss
in the discharge is a certein fraction of the

size of the feed,
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