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POTTERY CLAYS

CHEMICAL ANALYSES

SampleR 5 1

Ignition loss : 9.20
Silica, Si02 63.26

Alumina, AL03 __ 22.99

Iron oxide, Fe203 __. 3.35

Titania, Ti02 1.10

Lime, CaO 0.49

Miscellaneous Trace

SampleR 11 1

Ignition loss 11.96
Silica, SiO,. 57.80

Alumina, AI.O.1 ...:. 22.83

Iron oxide, Fe203 4.90

Titania, Ti02 0.80

Lime, CaO Trace

Miscellaneous— 1.71

SampleR 12 2

Ignition loss 12.08
Silica, SiO» 62.66

Alumina. A1203 19.83

Iron oxide, Fe.Os 3.63

Titania, Ti02 _ 0.65

Lime, CaO Trace

Miscellaneous 1.15

SampleR 91 1

Ignition loss 7.78
Silica, Si02 66.82

Alumina, A1203 17.38

Iron oxide, Fe203 5.57

Titania, Ti02 0.75

Lime, CaO ..-. 0.30

Miscellaneous 1.40

Herbert S. Emigh, Analyst

SampleR 5 d

Ignition loss ..— 8.00
Silica, Si02 . 68.48

Alumina, A1203 __ 18.72

Iron oxide, Fe203 _ 3.70

Titania, Ti02 0.55

Lime, CaO Trace

Miscellaneous 0.55

SampleR 11 2

Ignition loss 11.98
Silica, Sio= 64.10

Alumina, A1»03 18.27

Iron oxide, Fe203 2.75

Titania, Ti02 0.40

Lime, CaO _ Trace

Miscellaneous 2.50

SampleR 12 4

Ignition loss 10.02
Silica, Si02 66.53

Alumina, A1_03 16.60

Iron oxide, Fe_03 3.95

Titania, Ti02 0.65

Lime, CaO Trace

Miscellaneous.— _... _ 2.25

SampleR 91 2

Ignition loss 8.99
Silica, Si02 .„- 64.08

Alumina, A1203 21.48

Iron oxide, Fe203 3.60

Titania, TiOa 0.50

Lime, CaO 0.40

Miscellaneous 0.95
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MISSISSIPPI STATE GEOLOGICAL SURVEY

PHYSICAL PROPERTIES IN THE UNBURNED STATE
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Working properties

R 5 1 DkG 32.31 Strong 36.29 10.87 146 Very plastic, very sticky

R 5 d G 17.80 None 21.19 6.61 Very plastic, very sticky

R 11 1 BrG 31.09 Strong 27.71 8.49 166 Very plastic, sticky, feather edges

R 11 2 BlaG 29.70 Strong 31.88 9.66 60 Very plastic, sticky, feather edges

R 12 2 GT 27.01 Strong 31.80 9.64 153 Very plastic, very sticky

R 12 4 DkG 23.08 None 18.97 5.96 367 Very plastic, good

R 91 1 LtG 21.65 Slight 25.45 7.85 227 Very plastic, sticky

R 91 2 DkG 27.61 Strong 30.38 9.22 42 Very plastic, sticky, feather edges
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UTILIZATION POSSIBILITIES

The clays in this group exhibit considerable variations in their
properties, but owing to their very high iron content, they burn to

a buff or gray color at their maturing temperatures. This is their

chief characteristic and classifies them as the pottery clays.
Some of the clays have the low strength and shrinkage in the

green state that is typical of kaolins, but the analogy ends there, since

their low porosity, high shrinkage and comparatively high fired

strength at their maturing temperatures are more nearly the prop
erties of bond or ball clays. Clays R 11 - 2 and R 91 - 2 are examples

of this type. Clay R 12 - 4, on the other hand, has the open-burning
characteristics even at high temperatures typical of kaolins, but its

other properties, including its dark buff to brown color, are those of

the bond clays. The clays of this group, therefore, exhibit some prop
erties common to all, and are consequently suitable for many products

without the addition of other clays and ceramic materials commonly

used in white ware and pottery bodies. Some of them can be used by

blending with other clays which lack the properties that they pos
sess. Some could be used as an ingredient in ivory earthenware bodies.

The typical average properties of these pottery clays are: Water

of plasticity, 26.3 percent; linear drying shrinkage, 8.5 percent; green

modulus of rupture, 165 pounds per square inch, but very variable,
varying from 42 pounds per square inch to 367 pounds per square

inch; porosity at Cone 9, 7.65 percent; total linear shrinkage at Cone

9, 13.3 percent, and fired strength, 2260 pounds per square inch.

It is probable that some of the whiter burning clays in this group

would be so greatly aided by beneficiation that they could be used in

the whitewares industry for the manufacture of the products mention

ed under the kaolinitic type of clays. Clays R5- 1,R5 -d, and R

11-2 appear to be in this class. They are suitable as the sole con
stituent of bodies for art ware, pottery ware, kitchen ware, stoneware,

some grades of sanitary ware, and faience.

All of the clays in this group appear to be suited, either alone or
in a mixture with lighter-burning clays, for use in making stoneware,

conduit and hollow tile, terra cotta, faience, enameled face brick,

glazed tile, garden pottery, statuary, art ware and a wide variety of
light-colored face brick. At the high temperatures, some of the clays
would make a variety of mottled and speckled face brick. Plain or

speckled cream, buff, or gray face brick in a wide variety can be made
from many of these clays.
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HEAVY CLAY PRODUCTS CLAYS

CHEMICAL ANALYSES

Sample R8 1

Ignition loss

Silica, SiOa

Alumina, AI2O3

Iron oxide, Fe203-

Titania, TiOa

Lime, CaO

Miscellaneous

Sample R8 4

Ignition loss

Silica, SiOa -

Alumina, AI2O3

Iron oxide, Fe2Oa-

Titania, TiOa

Lime, CaO

Miscellaneous

Sample R12 3

Ignition loss
Silica, SiOs.

Alumina, AI2O3

Iron oxide, FeaOs.

Titania, Ti02

Lime, CaO

Miscellaneous

Sample R 25 1

Ignition loss .—
Silica, SiOa

Alumina, AI2O3 -

Iron oxide, Fe2Os.

Titania, TiOa

Lime, CaO —

Miscellaneous

Herbert S. Emigh, Analyst

6.80

73.18

13.47

5.23

1.10

Trace

0.22

8.14

70.16

15.35

4.26

0.85

0.22

1.02

7.44

72.41

13.52

5.30

0.70

Trace

0.63

7.22

71.36

17.18

4.04

0.55

Trace

Trace

Sample R8 3

Ignition loss

Silica, SiOa

Alumina, AI2O3 ...

Iron oxide, Fe2Os

Titania, TiOa

Lime, CaO

Miscellaneous

Sample R 12 1

Ignition loss _..
Silica, SiOa

Alumina, Al203

Iron oxide, Fe2Oa 2.78

Titania, TiOa „ 0.80

Lime, CaO ! _ Trace

Miscellaneous 1.68

Sample R 23 2

Ignition loss

Silica, Si02

Alumina, AlaOa -

Iron oxide, Fe2Os

Titania, TiOa

Lime, CaO

Miscellaneous

Sample R 52 1

9.34

65.52

16.20

4.58

0.85

0.26

3.25

8.66

72.60

13.48

6.76

66.63

17.41

4.03

1.00

1.10

3.07.

Ignition loss .... 7.50
Silica, SiOa ...;. 70.88

Alumina, AI2O3 13.81

Iron oxide, Fe2Os 5.35

Titania, TiOa 0.80

Lime, CaO 0.22

Miscellaneous 2.44



R 8 1

R 8 3

R 8 4

R 12 1

R 12 3

R 23 2

R 25 1

R 52 1
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PHYSICAL PROPERTIES IN THE UNBURNED STATE

o

o

O

el'S
*SS OS

LtBr 22.47 None

BrBla 22.57 Some

DkG 21.87 None

GT 29.98 None

MG 26.08 None

DkG 17.33 Slight

DkG 24.72 Slight

Qcso

X
3

flci

og<w

19.94 6.24

20.91 6.55

18.41 5.78

33.14 10.08

13.65 4.34 338

14.78 4.69 356

26.15 8.05

349

155

260

554

DkG 26.72 Slight 35.15 10.56

464

450

Working properties

Plastic, satisfactory

Plastic, satisfactory

Very plastic, satisfactory

Very plastic, satisfactory

Very plastic, satisfactory

Very plastic, satisfactory

Very plastic, satisfactory

Very plastic, satisfactory
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PYRO-PHYSICAL PROPERTIES

Test Holes R 8 and R 12

Hole
Sample Cone

"33
S

pa, P^ft

c

.2

'B
e Is

f
t

w

X

3

ffl

s

?• b*- 8,"
<in

6
bio

5fi4) 3.3
O

«*•«*•« •°-3O) >wft

bo

»ea)

Gut* "3,3
«

Mmft

u

X3

frWft

O
-i C3

33a. op

Hardness other
,

color, data

0527.71
14.17
1.93
2.70
2.34
0.25
7.18
1492
MH PR

02 27.17
14.10
1.93
2.69
3.19
1.35
8.28
2036
MH PR

1 26.83
13.56
1.95
2.65
3.88
1.28
8.21
1973
MH PR**

3 26.48
13.59
1.95
2.64
4.56
1.17
8.10
2152
MH PR

C-.^
5

7

23.40
11.72
1.96
2.53
5.09
1.18
8.11
2719
H PR I

22.57
11.59
1.95
2.52
6.35
1.37
8.30
2494
H PR I

9 19.83
10.10
1.96
2.45
7.08
1.20
8.13
3027
H

-
•VHPR I

11 14.38
7.22
2.03
2.33
5.57
0.82
7.75
3218
H

-
•VHPR I

5R22.11
11.26
1.96
2.47
5.57
1.50
8.43
2901
H RBr
'l

05 22.33
11.24
1.99
2.56
7.94
1.52
9.12
2035
H RBr**

02 19.36
10.10
1.98
2.54
10.71
3.60
11.20
1895
H RBr
I

118.71
9.27
1.99
2.39
10.95
3.50
11.10
1865
H PR**

314.93
7.42
2.01
2.37
12.18
3.42
11.02
1710
H PR**
C

k 005 tf°°7
11.86
5.98
2.01
2.27
11.98
3.32
10.92
2480
VHRBr**
1

12.46
6.11
2.01
2.27
11.76
4.24
11.84
2784
VH RBr
I

915.81
8.63
1.83
2.17
3.90
0.68
8.28
2210'
VH Ch
I

1120.35
11.30
1.83
2.30
2.80
0.20
7.80
1990
VH Ch
I

5R14.01
6.86
2.01
2.36
10.53
4.16
11.76
2090
VH DkBr
Iw-Vck

05 23.61 11.91 2.00 2.60 8.03 2.00 9.27 None H LtBr**
02 21.68 10.98 1.98 2.55 8.06 2.70 9.97 1412 H LtBr I

1 18.65 9.41 2.01 2.48 9.23 2.76 10.03 810 H PR** Ck
Ck

Ck

3 20.12 9.96 2.02 2.48 9.44 3.30 10.57 2385 VH PR I

W 7
15.06 6.64 2.02 2.36 10.20 None None None VH None
14.27 6.70 2.03 2.35 10.84 3.30 10.57 1255 VH PR** I

9 14.01 6.55 1.96 2.26 4.27 2.13 9.40 3267 VH BrR I

11 15.14 7.76 1.96 2.29 3.32 1.73 9.00 2575 VH Ch I

5R 13.10 6.35 2.05 2.37 11.37 3.60 10.87 2420 VH MotBr I

05 28.83 15.72 1.83 2.58 0.67 1.00 8.37 903 VS PR-B
02 27.98 16.31 1.86 2.59 1.21 0.42 9.79 922 vs-s B

1 27.08 14.40 1.89 2.58 1.60 0.64 10.01 963 s B-SR

c 3 27.23 14.48 1.88 2.58 1.60 0.55 9.92 1080 s B-PR

2th 5tf 7
26.28 13.87 L88 2.57 1.89 0.32 9.69 1208 s PR-B
26.08 13.71 . 1.89 2.56 2.18 0.15 9.52 1112 s PR-T

9 24.93 13.02 1.91 2.55 3.63 0.97 10.34 1223 s PR-T I

11 23.66 12.29 1.92 2.52 3.89 0.62 9.99 1359 MH
5R 25.24 13.16 1.91 2.56 2.54 0.65 10.02 1214 MH

♦In unhurned state and after firing

♦♦Scummed or stained with calcium salts
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Test Holes R 12, R 23, R 25, and R 52

3~
o

bo
-u) <u 4)

tM

° 3
>>._

<J ft

a 3 bfl
0) Ctf *J

bo 3 M*
Hardness, color.

4
M-0

0)
3
O

U
C a;

X

3

W

_. *-

ft*5

<3 co

5 3 *)
o *" u

> Wft

8 c? ©

3 S-. U

M W ft

~,i_! 3

rt.3 O

£HaSft

-3 t-. o*
3 3 w

S5£

other data

05 36.63 22.02 1.68 2.69 1.81 0.25 6.12 627 VS BrR Ck

02 36.42 21.35 1.69 2.67 5.45 1.58 7.45 658 vs BrR

1 36.08 21.09 1.71 2.68 6.38 1.59 7.46 670 s BrR**

3 35.33 19.76 1.75 2.66 7.78 2.26 8.13 1230 s BrR**

^eo 5 31.00 17.47 1.79 2.62 7.92 2.80 8.67 1510 s PR
rt 7 28.40 15.30 1.86 2.60 11.91 3.26 9.13 1547 MH • MotBr I

9 None None None None None 3.70 9.57 1167 MH GM

11 13.92 7.89 1.77 2.06 6.36 4.63 10.50 1400 MH GM

5R 28.60 9.18 1.96 2.49 10.27 3.11 8.98 1820 MH MotBr

05 23.50 11.86 2.00 2.58 5.43 0.72 6.61 1494 MH B**

02 22.61 11.52 1.95 2.54 6.92 2.33 8.22 1698 MH SR**

1 22.05 11.17 1.97 2.52 8.74 2.77 8.66 1887 H SR**

3 22.12 10.81 2.03 2.63 10.20 3.13 9.02 2444 VH-H SR** I

^<N 5 14.17 6.18 2.09 2.38 11.16 3.17 9.06 2609 VH PR** I
tf 7 13.44 6.09 2.08 2.43 12.10 3.70 9.59 2911 VH PR I

9 13.40 6.84 2.01 2.30 3.55 2.76 8.65 2318 VH RBr I

11 16.84 8.56 1.91 2.23 2.11 0.58 6.47 2124 VH RBr I

5R 14.40 6.74 2.14 2.48 17.56 4.05 9.94 2628 VH DkB I

05 24.13 12.57 1.92 2.53 4.46 1.28 9.74 1758 MH PBrR

02 22.02 11.42 1.96 2.50 5.93 2.58 11.04 2017 MH SR-B I

1 22.04 11.31 1.97 2.51 7.05 2.66 11.12 2036 MH SR-B I

3 19.19 9.59 2.00 2.48 8.21 2.99 11.45 2188 H SR-B I

i>i 5 17.82 8.89 2.01 2.44 9.22 3.37 11.83 2566 VH PR-Br** I
05 7 16.07 8.00 2.03 2.40 10.20 3.84 12.30 2900 VH SR-B** I

9 14.76 7.41 2.03 2.33 10.02 2.29 10.75 2571 VH RBr I

11 13.83 6.88 2.02 2.30 9.14 2.04 10.50 2523 VH Br I

5R 17.56 8.54 2.06 2.49 11.13 4.00 12.46 3022 VH DkBr I

05 25.68 14.25 1.80 2.43 1.48 0.67 9.66 1270 MH PR

02 19.11 10.81 1.77 2.18 1.86 1.51 10.50 1841 MH BrR Bl

1 20.86 11.36 1.85 2.32 3.07 2.13 11.12 1533 MH ChR Bl
3 26.91 15.79 1.71 2.32 -5.42 0.04 9.03 1760 MH BrR Bl

">M 5 27.12 24.18 1.51 2.38 -16.60 -2.15 6.84 1068 H BrR** Bl
Ph 7 36.47 12.42 1.78 2.21 0.75 1.49 10.48 1596 VH Ch Bl w

9 22.21 31.80 1.41 2.54 -26.48 -7.08 1.91 771 S Ch I Bl

11 44.68 19.26 1.60 2.27 -10.91 -2.37 6.62 1030 S Ch I Bl w

5R 30.42 16.00 1.70 2.33 2.51 0.73 9.72 1459 VH Ch I Bl

*In unburned state and after firing

♦♦Scummed or stained with soluble salts
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UTILIZATION POSSIBILITIES

The clays of this group are characterized by their rather low
strength in both the green and burned state, when their use in the

heavy clay products industry is considered. Their strengths are below
those usually desired for most products of this kind, although in most
cases, the deficiency is not serious. They are also outstanding in their
high porosity and absorption at high temperatures, a rather unusual
property for clays of this nature. In addition, the deep red color
usually associated with common brick, drain tile, and like products,
is not attained in this group. They therefore appear to be admixtures
to some extent with the two preceding groups of clay.

As is to be expected, the chemical analyses reveal that the silica
and iron contents in this group are appreciably higher than in the
preceding groups, whereas the alumina content is lower. The balance

of the constituents do not vary appreciably from the other two groups
of clay.

The typical average properties of this group are: Water of plas
ticity, 24.0 percent; dry linear shrinkage, 7.0 percent; green modulus
of rupture, 366 pounds per square inch; porosity at Cone 9, 17.9 per
cent; absorption at Cone 9, 9.0 percent; total linear shrinkage at Cone
9, 8.4 percent, and fired modulus of rupture at Cone 9, 2255 pounds
per square inch.

Clay R 52 was consistently bloated in all of the burns, and the

fractured structure showed the typical dark grayish black, porous
structure found in clays of this nature when the carbon is not fully

burned out of the clay during the early stages of the firing. The stan

dard firing schedule adopted for all these burns proved to be too rapid
for this particular clay, resulting in the swelling of the test pieces to
a greater or less degree. As a consequence, the pyrophysical prop
erties of Clay R 52 are very variable and erratic from one cone to the

next. They do not represent the true values that would have been

obtained had all the carbon been burned out prior to the maturing
stage of the clay. This clay was the sole member of the group acting
in this manner. It gives every evidence of being capable of making
a good quality haydite or light-weight burned clay aggregate for con
crete use.

This group of clays offer a wide range of material suitable for

numerous varieties of face brick, common brick, structural tile, fire-
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proofing, flue lining, drain tile, sewer pipe, hollow block and hollow

facing tile. All the clays have a long maturing range, possess very
satisfactory plasticity, do not laminate to any extent in running
through a die, and in general have suitable to excellent fired prop
erties. At high temperatures, some of these clays are capable of mak
ing a wide variety of speckled and mottled brick of various shades

and hues. Since it is likely that most of these clays are closely associ
ated with other types, as is the case with clays from some of the holes
in this study, their properties may be readily altered to meet any
special requirements by the addition of such other clays.

LABORATORY PROCEDURE

PREPARATION

The various clay samples that had been collected in the field were

stored in a steam-heated laboratory several months prior to testing,
so that preliminary drying of the clays was unnecessary. Primary

samples of about 200 pounds were crushed in a No. 2 jaw crusher.
The crushed material was screened through a No. 20-mesh Tyler
standard screen; residue coarser than 20-mesh was ground in a burr

mill until it passed the 20-mesh screen. The clay which had passed
20-mesh screen was thoroughly mixed and reduced to a 10-pound
sample by coning and quartering. The 10-pound sample was reserved

for screen analysis, chemical analysis, and for making pyrometric

cones. Approximately 75 pounds of clay from the remainder were

mixed with water and kneaded by hand to a plastic consistency. The
plastic mass was divided into small portions and thoroughly wedged
to remove entrapped air and to develop a homogeneous plastic body.
The small portions were recombined in the same manner and stored

in a metal lined damp box until used for making test pieces.

FORMING OF TEST PIECES

Test pieces were of two sizes: short bars, 1 inch square by 2
inches long; and long bars, 1 inch square by 7 inches long. A few of
the longer bars were made by pressing the plastic clay to the final

size by hand in a hardwood mold of the plunger type. Most of them
were made on a hand operated machine by feeding the plastic mass
through a die situated directly in front of the two disked wheels that
did the feeding. The short bars were formed in a Patterson screw
press fitted with a steel die. Each test piece was identified as to test
hole number, sample number or else the upper and lower depths of
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cut, and individual piece number. The identification was made by
stamping the necessary letters and numerals on the test pieces. A
shrinkage mark of 10 centimeters was stamped on the long bars.
Where there was sufficient clay on hand sixty long bars and thirty
short bars were made from each primary clay sample. Certain sam
ples were not large enough to make the full number of long test

pieces.

PLASTIC, DRY, AND WORKING PROPERTIES

Immediately on forming the short bars their plastic volume was
determined in a mercury volumeter. The plastic weight was deter
mined using a double beam balance. All the test pieces were allowed
to air-dry for a time on slatted wooden pallets and then oven-dried

by gradually increasing the temperature of the oven from room tem

perature to 100° C. and maintaining the oven temperature between
100° C. and 110° C. for several hours. After drying, and cooling to
room temperature, the short bars were reweighed, and their dry vol
ume was determined as above described. Five or six long bars were
broken on a Fairbanks cross-breaking machine to determine modulus

of rupture. This machine was of the tensile strength determination
type in which the section holding the tensile strength briquettes was
replaced by a suitable cross-breaking device with knife edges, and
also provided with an automatic shut-off for the shot.

The raw color and the workability of the clay were observed

during the grinding, wedging, and forming of the various test pieces.
The following properties of the dried unburned test pieces were then

determined and calculated by the standard methods outlined in Vol

ume 11, 1928 Journal of the American Ceramic Society.

The water of plasticity was calculated as a percentage of the
weight of the dry test piece, by the following formula:

Wp-Wd

T = x 100,

Wd

in which T = percent water of plasticity, Wp = weight of the plastic
test piece, and Wd = weight of the dry test piece. The average of
three test pieces is taken as the percent water of plasticity.

The dry volume shrinkage was calculated by the following form
ula:
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Vp-Vd

b = x 100,

Vd

in which b = percent volume shrinkage, Vp = plastic volume, and

Vd = dry volume. The plastic volume and the dry volume were

determined in a mercury volumeter, as already mentioned.

The linear shrinkage was calculated from the volume shrinkage

and is based on the dry volume, according to the formula:

a= 100 /_ V 1 H 1_/
100

in which a = percent linear shrinkage, and b = as above.

The modulus of rupture was calculated by the formula:

3 PI

M = ,

2 bd=

where M = modulus of rupture in pounds per square inch, P = break
ing of load in pounds (to nearest 0.01 pound), 1 = distance between

knife edges in inches, b = breadth of bar in inches, and d = depth of
bar in inches. The average modulus of rupture is reported, in which
a variation of plus or minus 15 percent from the average is allowed;
wider variations were discarded.

FIRED PROPERTIES

The long and short bars were burned in a down-draft surface
combustion kiln especially designed for the purpose. Butane gas was

used for fuel. Except for one Cone 5 burn that was reducing, oxidizing
conditions were maintained in the kiln during the entire period of

firing. The test pieces were stacked criss-cross in the kiln to permit
complete circulation of gases. The kiln was fired at the rate of 200° F.
per hour to within 200° F. of the maximum temperature. The last
200° F. rise was generally accomplished in two to three hours. The
rate of firing was measured by means of a Chromel-Alumel thermo
couple up to 2,100° F., at which point the couple was withdrawn from
the kiln. Pyrometric cones were used above 2,100° F., and they were
also used to determine the finishing point of each burn. From three
to six long bars were burned and tested for each clay at each cone
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temperature indicated in the table of pyrophysical properties. Three
short bars were fired as test pieces for each clay at each cone tem

perature.

On completing the firing of the long and short test pieces the kiln
was cooled gradually to the point where the test pieces could be with
drawn from the kiln. The short bars were then weighed on a double
beam balance to determine the dry weight. The volumes of the fired
test pieces were determined in a mercury volumeter, in the same
manner as for the unburned test pieces. After weighing, the bars were
placed in water which was then heated to the boiling point and was
kept boiling for five hours. They were allowed to cool in the water
to room temperature and were reweighed as before mentioned, which
gave the saturated weights. The long bars were broken on the Fair
banks testing machine already mentioned to determine modulus of
rupture. The following properties were then calculated by the stan
dard methods and formulae outlined in Volume 11, 1928, of the

Journal of the American Ceramic Society.

The apparent porosity was calculated by means of the following
formula:

Sf-Wf

P = '• x 100,
Vf

in which P = the percent apparent porosity, Sf = weight of saturated
fired test piece in grams, Wf = weight of the fired test piece in grams,
Vf = volume of the fired test piece in cubic centimeters.

The volume change or volume shrinkage was determined by the

relation,

Vd - Vf

bi = x 100,

Vd

in which b_. = percent volume change, Vd = volume of the dry test
piece in cubic centimeters.

The apparent specific gravity was determined by the formula:

Wf

Vf-(Sf-Wf)

in which G = the apparent specific gravity.
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The bulk specific gravity was calculated by the formula:

Wf

Gb = ,

Vf

in which Gb = the bulk specific gravity.

The absorption was obtained by the formula:

Sf - Wf

x 100,

Wf

in which A is the absorption and represents the percentage weight of
water absorbed by the dry piece.

Changes in the hardness were determined by cutting the test
pieces with a knife blade and noting their relative hardness compared
with steel. The color of the test pieces was noted at the same time.

The modulus of rupture was obtained by the same formula and
methods outlined for the raw, unburned bars.
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CONVERSION TABLE

Cones to Temperatures

When fired slowly,
20° C. per hour

°c °F.

890 1,634

930 1,706

945 1,733

975 1,787

1,005 1,841

1,030 1,886

1,050 1,922

1,080 1,976

1,095 2.003

1,110 2,030
«

1,125 2,057

1,135 2,075

1,145 2,093

1,165 2,129

1,180 2,156

1,190 2,174

1,210 2,210

1,225 2,237

1,250 2,282

1,260 2,300

1,285 2,345

1,310 2,390

1,350 2,462

1,390 2,534

1,410 2,570

1,450 2,642

1,465 2,669

1,485 2,705

1,515 2,759

1,520 2.768

When heated at 100°

C. per hour

°C. °F.

1,580 2,876 32

1,595 2,903 33

1,605 2,921 34

1,615 2,939 35

1,640 2,984 36

1,650 3,002 37

1,680 3,056 38

When fired rapidly,

150° C. per hour

°C °F.

895 1,643

930 1,706

950 1,742

990 1,814

1,015 1,859

1,040 1,904

1,060 1,940

1,115 2,039

1,125 2,057

1,145 2,039

1,160 2,120

1,165 2,129

1,170 2,138

1,190 2,174

1,205 2,201

1,230 2,246

1,250 2,282

1,260 2,300

1,285 2,345

1,305 2,381

1,325 2,417

1,335 2,435

1,350 2,462

1,400 2,552

1,435 2,615

1,465 2,669

1,475 2,687

1,490 2,714

1,520 2,768

1,530 2,786

When heated at 100°

C. per hour

°C.

1,700

1,745

1,760

1,785

1,810

1,820

1,835

°F.

3,092

3,173

3,400

3,245

3,290

3,308

3,335

The properties and uses of pyrometric cones: The Standard Pyrometric Cone

Company, Columns, Ohio.
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CHEMICAL ANALYSES

Grinding: The samples which were completely analyzed were
ground to pass a 100-mesh sieve. Some of the samples were washed
through a 250-mesh sieve; the portion that passed through was dried,
ground, and analyzed.

Moisture: Moisture determinations were run on all samples re
ceived: i.e., in an air dried condition. An oven temperature of 110° C.
was maintained on each sample for one hour.

Ignition loss: One gram of each sample was heated in a platinum
crucible at full heat of a blast lamp for one hour.

Silica: Ignited samples were fused with 8 to 10 times their

weight of anhydrous sodium carbonate, and the fusion dissolved in

dilute hydrochloric acid. Double dehydrations of the silica with hydro

chloric acid were carried out in all cases. The resulting silica was

filtered off, ignited, weighed, volatilized by hydrofluoric acid, and

the crucible reweighed. SiOa was found by difference.

Alumina: Alumina, iron, and titania were precipitated together

by ammonium hydroxide in the presence of ammonium chloride.
Macerated filter paper was added to give a fine-grain precipitate.
Double precipitations were found necessary to remove all manganese,

calcium, and magnesium. The mixed hydroxides were filtered off,

washed free of chlorides, ignited, and weighed. The weight represents

the total of alumina, iron oxide, and titania. The mixed oxides were

fused with sodium bisulfate to which a little sodium sulfate had been

added to reduce sputtering. The fusion was dissolved in dilute s_yl-.
furic acid. In a few cases small amounts of silica were recovered here

by filtration, ignition, and volatilization with hydrofluoric acid; ac

cordingly, this was added to silica and deducted from alumina.
V «ff

Iron oxide: An aliquot of the solution of the bisulfate fusion
was reduced with test lead, and titrated with potassium dichromate
with diphenylamine indicator. The dichromate was standardized so
that the percentage of ferric oxide in the original sample was equal
to the number of cc. of solution used.

Titania: Another aliquot of the bisulfate fusion solution was
placed in a colorimeter tube, and hydrogen peroxide added. The color
imeter was of the Schreiner type: i.e., a tube within a tube. The stan-
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dard titania solution was diluted so that the height of the standard
column divided by the height of the unknown column gave the per
centage of Ti02 in the original sample. The total of titania and iron
oxide was subtracted from the weight of the combined precipitate of
alumina, iron oxide, and titania, leaving alumina.

Lime: Lime was determined in the filtrate from the manganese

determination by precipitation as the oxalate in the presence of am
monium acetate in alkaline solution. It was ignited and weighed as
CaO.

Miscellaneous: All substances present in the samples other than
those mentioned above.
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