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THE LIFE OF THE SAGGER AS AFFECTED BY VARYING
CERTAIN PROPERTIES

By R. A. Heindl and L. E. Mong

ABSTRACT

This report presents the results obtained in a study of sagger bodies and repre-
sents an enlargement of a similar study of a preliminary nature, the results of

which have been published. The clays and grogs are combined to give bodies
having wide variations in body structure and in the several properties which
were studied. Data are given on the modulus of elasticity, transverse breaking
strength, plastic flow, thermal expansion, and resistance to failure due to heat
shock of 35 laboratory-prepared bodies and 10 commercial bodies after firing at
from 1 to 3 different temperatures. For comparative purposes data are given on
two series of bodies—the one series containing coarse grog and the other fine

grog. In addition, body compositions were varied in order to compare the effect

on sagger life of using open and close burning grogs.
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I. INTRODUCTION

The investigation of the properties of sagger clays and sagger bodies
has been in progress at the Bureau of Standards for a number of years,

and as the study has progressed reports 1 have been issued covering
the completed phases. Since the results given in the preceding report
were of a preliminary nature, it was considered advisable to continue
the study of sagger bodies with special reference to the effect of
porosity, thermal expansion, and moduli of rupture and elasticity

on the resistance of saggers to failure due to thermal shock. This
paper contains the results of tests made on 35 different laboratory-
prepared sagger bodies as well as on 10 sagger bodies furnished by
industrial potteries, all of which were fired at from one to three
different temperatures.

1 Progress Report on Investigation of Sagger Clays, J. Am. Ceram. Soc, vol. 9 (3), pp. 131-143; 1926.
II. Progress Report on Investigation of Sagger Clays—Some Observations as to the Significance of Their
Thermal Expansion, J. Am. Ceram. Soc, vol. 9 (9), pp. 554-574; 1926. III. Progress Report on Investiga-
tion of Sagger Clays—Their Elasticity and Transverse Strength at Several Temperatures, J. Am. Ceram.
Soc, vol. 10 (7), pp. 524-534; 1927. IV. Progress Report on Investigation of Sagger Clays—Their Elasticitv,
Transverse Strength, and Plastic Flow at 1,000° C, J. Am. Ceram. Soc, vol. 10 (12), pp. 995-1004; 1927.
Preparation of Experimental Sagger Bodies According to Fundamental Properties, B. S. Jour. Research,
vol. 3 (RP104); also J. Am. Ceram. Soc, vol. 12 (7), pp. 457-480; 1929.

] 1017



1018 Bureau of Standards Journal oj Research [Vol. 7

II. SAGGER BODY COMPOSITIONS

All of the bodies contained equals parts by weight of bond clay and
grog, but variations in the bond clay and grog were introduced by
using different combinations of clays and of grogs in several of the
mixes. The grogs used were fired at approximately 1,230° C. (cones

9 to 9}Q for one and one-half hours. The sagger body numbers, the
laboratory numbers of the clays used as bond and as grog and the
percentages of each used in making up the various bodies are given in

Table 1.

Table 1.

—

Sagger body numbers, and composition of bodies and prorosity of fired
clay

(Table does not include bodies furnished by potteries)

Sagger body No. 1

Laboratory
No. of

bond clays

1BF, 1BC 2

2BC
3BF
4BF, 4BC
5BF, 5BC |

6BF, 6BC
7BF, 7BC

21,

21,

21,

10,

8BF, 8BC.

9BF, 9BC...
10BF, 10BO.
11BF, 11BC.
12BF, 12BC.

13BF, 13BC.

14BF, 14BC.
15BF, 15BC.
16BF. 16BC.
17BF, 17BC.
18BC
19BC
20BC

47
47
50
40

26
51

19, 26, 51

22
46
11

28
50
44

,45

8,45
8,45

22
29

39, 44, 45

21,46
21,46
21,46

(3)

(
3
)

(
3
)

43,

Percent-
age of

each clay
used

50
50
50
50
75
25

33H
40
60
25
25
50
50
50
50
50
40
60
33^
50
50
50
100
100
100

Laboratory
No. of

grog clays

15,42
19,24
19,24
5,41

26,51

26,51

28,36

9,43

43,44
8,45
45
8

1,12

2,4
21,46

21

46
22,39

22
39

Percent-
age of

eacb grog
used

50
50
50
50

50

50

60

50

50
50
100
100

50

50
50
100
100
50
100
100

1 Bodies containing the fine grog are designated F, those containing the coarse grog, C. The letter B is

used with the body number to differentiate these bodies from those in the preceding reports.
2 Bodies 1BF to 4BC, inclusive, contained grog prepax'ed from saggers used for tests referred to in the pre-

ceding report Csee footnote 6) and may be identified by the numbers of the grog clays. The remaining
bodies contained grog prepared from clays independently fired and afterwards mixed in the proper
proportions.

3 Commercial mix.

The majorit}^ of the bodies were prepared, as in previous work, in
two series. One series compounded with comparatively coarse sizes

of graded grog was designated as C and the other series compounded
with the finer sizes of graded grog was designated as F.
The grog sizing and the percentages of each size were as follows:

Material

For coarse grogged body.

Por fine grogged body..

.

Passed
through
sieve

No. — i

4

S

12
20
40

Retained
on sieve
No. —

»

12
20
40
SO

Percent-
age of

each size

20
60
20
66^
33^

» United States standard series.
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Five bodies were prepared using dense and open burning grogs and
a commercially prepared mixture of sagger clays.

III. DESCRIPTION OF SPECIMENS

The specimens were prepared and tested in a manner similar to

that described in the Fifth Progress Report. 2 In order to obtain a
gradational change in the porosity and other physical properties, a
large proportion of the saggers and specimen bodies were fired at three

different temperatures, namely, approximately 1,190° C. (cones

7Y2 to 8); 1,230° C. (cones 9K to 10); 1,270° C. (cones 11 to 12).

IV. METHODS OF TESTING

The methods of determining the modulus of rupture, porosity,

resistance to thermal shock, linear thermal expansion, modulus of

elasticity, and plastic flow have been described in detail in the several

previous progress reports.3

V. RESULTS

The complete results obtained are summarized in Table 2. The
body numbers are followed directly by the number of the pyrometric
cone to which the particular saggers and specimen bars were fired.

1. MODULUS OF RUPTURE AND SHRINKAGE, UNFIRED BODIES

The average modulus of rupture for the laboratory-prepared bodies
which contained the fine grog was 155 lbs./in.

2
, for bodies which con-

tained the coarse grog 115 lbs./in.
2
, and for commercial bodies 80

lbs. /in.
2

The average linear drying shrinkage for the fine-grogged bodies was
4.2 per cent, the coarse-grogged bodies 3.0 per cent, and the commercial
bodies 3.4 per cent.

2. PROPERTIES OF THE BODIES AFTER FIRING

The porosities of the bar specimens as well as those of the saggers
are given in Table 2. Each of the values represents the average of

not less than three determinations.
The total linear thermal expansion for the ranges from atmospheric

temperature to 250° C. and from atmospheric temperature to 1,000°

C, as well as the coefficient for the former range are given. The
determinations were made on specimens prepared from the ruptured
bars used for the strength and elasticity tests. Duplicate determina-
tions were made on all specimens.

z See last reference of footnote 1, p. 1017. 3 See footnote 1, p. 1017.
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The results show that the thermal expansions of the bodies change
with the temperature of firing, but such changes are not consistently

either in the same direction or of the same magnitude. This, naturally,

must be expected because of the various types of clays used in com-
pounding the bodies. The thermal expansion data for two typical

bodies fired at three different temperatures are given in Figure 1.

600

Degrees C.
Figure 1.

—

Showing the linear thermal expansion of two typical sagger bodies

fired at three different temperatures

The great difference in total expansion at 200° C. is well illustrated

Body 4BC shows little change in expansion when tested after firing

at each of three temperatures, whereas the expansion of body 2BC
decreases with increased temperature of firing. The great difference

in the rate of expansion below 200° C. is very noticeable in these two
bodies.

Moduli of rupture and elasticity values were obtained at three
different temperatures for all bodies (two only for 1BC-8). Check
determinations were made of all bodies (one only for 4BC and 20BC)
at ordinary temperatures, and of 20 bodies at 1,000° C. In all cases

the values obtained for any one body were within approximately
10 per cent of the mean.
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The computed maximum outer fiber strain (elongation) is given

for all bodies, both at room temperature and at the temperature at

which the saggers failed in the thermal shock test. These values

show how the elongation of the material decreases in most cases at

the higher temperature. The data show that the fine-grogged bodies

have a greater fiber elongation before rupture than the coarse-grogged

bodies.

The maximum outer fiber strain is not computed with the data
obtained at 1,000° C; instead a study was made of the plastic deflec-

tions of the bodies which was more satisfactory.

3. PLASTIC FLOW

Table 2 shows the deflections resulting from the plastic flow of each

of the bodies after firing at from one to three different temperatures.

0.06 0.0! 0.02

Deflection in Inches at Center of Span
Figure 2.

—

Plastic deflections

Left: Showing that the plastic deflection of sagger bodies tested at 1,000° C. decreases with increase of

firing temperature. Right: Plastic deflections at 1,000° C. obtained on two commercial bodies after

firing at 1,230° C.

The results were obtained at 1,000° C. and represent the total plastic

deflection in inches, at the end of 10 minutes with, first, a load of 120
lbs./in.

2
, and second a load of 240 lbs. /in.

2
, applied midspan of the 1 by

1 by 12 inch specimens on a 10-inch span. Within the limits of firing

temperatures and grog sizes used, the following information relative

to plastic flow was obtained

:

1. Bodies containing the coarser sizes of grog have a plastic flow
decidedly greater than those containing the finer sizes of grog.

2. The plastic flow decreases with increase of temperature of firing

of the specimens. A typical illustration of such changes is shown with
body 14BC in Figure 2. Saggers fired at the lowest temperature
may prove unsatisfactory in service, whereas if fired at the highest
temperature may prove to be quite satisfactory. Data represented
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by these curves illustrate further the undesirability of heavily loading
saggers which have not been fired at sufficiently high temperatures.

3. The percentage increase in plastic flow when loads of 120 and
240 lbs. /in.

2 are used is decidedly different for the different clays.

4. The percentage flux content is an important factor in the tend-
ency of the bodies to flow at high temperatures. Bodies containing
a high percentage of silica and a high percentage of flux have a greater
plastic flow than bodies containing less silica and more alumina with
a high percentage of flux. On the other hand, bodies high in silica

and low in flux have a low plastic flow. The silica, alumina, and flux

content of these bodies were based on the chemical analyses of the
individual cla3^s reported in the first progress report.4

The plastic deflections obtained on commercial bodies B and K,
after having been fired at cone 10, are shown in the right-hand graph.
(Fig. 2.) Body K has a considerably higher plastic flow than body
B, but K has a much greater resistance to failure in the thermal-
shock tests.

VI. DISCUSSION

1. AVERAGE VALUES FOR POROSITY, TEMPERATURE AT WHICH
SAGGERS FAILED, THERMAL EXPANSION, AND PLASTIC DEFLEC-
TIONS

A comparison of the average porosity values and average tempera-
tures at which the saggers cracked in the thermal-shock test indicated,

in general, that the saggers which had a porosity intermediate between
the highest and lowest values showed the least resistance to failure.

This is indicated by the average values given in Table 3. H. G.
Schurecht found a somewhat similar relation in connection with his

study of the spalling losses of fire-clay brick in malleable-iron furnace
linings.5 In order to illustrate the point more fully, saggers which
had a porosity below 20 per cent, as reported in the preceding report, 6

were included in these averages.

The values for porosity in Table 3 represent group relationships

which do not hold for individual bodies.

Table 3 also gives the average porosity and temperatures of failure

when the coarse-grogged and fine-grogged bodies are grouped sepa-
rately. The average temperature at which the coarse-grogged saggers
failed was 605° C. and that of the fine-grogged saggers 535° C, an
appreciable difference.

The total expansions from atmospheric temperature to 250° C. are
also averaged and correspond with the grouping of porosity values.

The maximum expansion occurred with bodies which had a porosity
of 28 per cent, and in turn fail in the thermal shock test at the lowest
average temperature. A comparison of the average thermal expansion
values with the average temperatures at which the saggers failed

shows that a very close relation exists between these two properties.

The total plastic deflections determined at 1.000° C. with a stress

of approximately 240 lbs. /in.
2 are included with the averages of other

properties in Table 3. There appears to be a general relation of
plastic deflection to the other properties. The average values for

plastic deflection when the coarse and fine grogged bodies are sepa-

* See footnote 1, p. 1017.
3 The Behavior of Fire Brick in Malleable Iron Furnaces. Trans. Am. Foundrymen's Association,

Vol. 30, p. 391-94.
6 See footnote l, p. 1017.
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rated show clearly that the coarse-grogged bodies have decidedly

greater plastic flow than the fine.

Table 3.

—

Average values of porosity, nature of grog, temperature of failure, and
plastic flow of all laboratory-made sagger bodies

Total
Tempera- plastic
ture at

which
Thermal deflection

at 1,000°

Total number of bodies Porosity

*

saggers
expansion
total at
250° C.

C. with a
failed in stress of

thermal- approxi-
shock test mately

240 lbs./in. 2

Inches per
Per cent °C. Per cent 10-inch span

16 -.- 19.0 (16-21.9) 600 0. 110 0. 00525
12 . 24.0 (22-25.9) 530

500
.170
.190

. 00175
10 . 26.0 (26-26.9) . 00200
13 . 28.0 (27.0-29.9) 475

525
.200
.190

. 00150
7... 30.0 (30.0-30.9) . 00175
9 ._. 32.0 (31.0-32.9) 630 .160 .00175

35.0 (33.0-38.0) 800 .150 . 00275

COARSE-GROGGED BODIES ALONE

26.7. 605 0.171 0. 00240

FINE-GROGGED BODIES ALONE

26.3. 535 0.171 0. 00143

1 The average porosity in each case included those bodies coming within the range of porosity values
given in the parentheses.

2. CORRELATION OF THERMAL EXPANSION, COMPUTED MAXIMUM
OUTER FIBER STRAIN AND TEMPERATURE AT WHICH SAGGERS
FAILED

In correlating the properties of the sagger bodies which were deter-

mined, it was necessary to separate the data obtained on the coarse
and fine-grogged bodies because of such properties as thermal con-
ductivity and difTusivity which were not studied and which undoubt-
edly are not the same in the two types of bodies. Because of the fact

that several of the bodies studied were identical except for the sizes

of the grog they contained and, because the coarse-grogged bodies
showed the greater resistance to failure in the thermal shock test in

spite of having the lower computed fiber elongation it must be assumed
that the thermal conductivity and other thermal properties have an
important effect on the life of the sagger.

Figures 3 (fine-grogged bodies) and 4 (coarse-grogged bodies) show
the relation that thermal expansion (abscissa) and computed maximum
fiber elongation (ordinate) bear to the resistance of the saggers to

failure when subjected to thermal shock (vertical line). These
models were made because they illustrate very clearl}7 the importance
of controlling, first the thermal expansion and, second the maximum
fiber elongation if it is desired to obtain a high resistance of saggers to

failure when subjected to temperature changes. Figure 3 (A), and
Figure 4 (A), were taken to show the scattering of the points in the
horizontal plane; Figure 3 (B), taken along the abscissa shows the
increasing resistance of saggers to failure with decreasing thermal
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Figure 3.

—

Three dimensional models illustrating the properties of fine-

grogged sagger bodies

A, The relation between linear thermal expansion (abscissa) , computed fiber elongation (ordinate)
and the resistance of saggers to failure due to thermal shock (vertical); B, the gradual decrease:
in resistance to failure due to thermal shock (indicated by the height of the pegs) is accompanied;
with increase of total expansion. (Read from left to right.)
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Expansion at 250 C. in Percent
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Figure 4.— Three dimensional models illustrating the properties of coarse-

grogged sagger bodies

A, Similar to Figure 3(A); B, the increase in resistance to failure due to thermal shock is accom-
panied by increased computed fiber elongation. (Read from left to right.)
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expansion and Figure 4 (B), taken along the ordinate axis, indicates
that if the thermal expansion is maintained within the range of 0.10
to 0.15 per cent, the bodies show greater resistance to failure, indicated
by the height of the pegs, as the computed maximum fiber elongation
becomes greater. The models also show that it is most important to

keep the total expansion from 20° to 250° C. below 0.18 per cent, or the
coefficient for this temperature range below 8X10-6

. The necessity
for this is especially obvious from an examination of Figure 4, which
shows a sharp line of demarcation from saggers having good resistance
to failure to those having poor resistance at approximately the posi-
tion of the line indicating a total expansion of 0.18 per cent. The
models also show that the resistance of saggers to thermal shock
depends more on the thermal dilatation than on the computed outer
fiber strain. Furthermore, it is apparently out of the question to

develop a sagger of high resistance to failure by increasing the fiber

elongation as a result of change in structure of the body if the total

thermal expansion from 20° to 250° C. is approximately 0.18 per cent
or above.
The trend of the points is more regular in the case of the fine-

grogged bodies (fig. 3) than those containing the coarse grog (fig. 4).

This is partially due to the fact that the commercial bodies (pegs with
circle around the base) are included with the coarse-grogged labora-
tory prepared bodies. The grog sizing in most of the commercial
bodies is more or less haphazard. This would naturally cause some
irregularity in the trend of the points. Another cause for irregu-

larity is probably due to the fact that the percentage change in the
maximum fiber elongation with increase of temperature is not the
same for all bodies. Commercial body "A," Table 2, is an example of

the type of body in which the fiber elongation decreases rather
rapidly with increase of temperature. Consequently the saggers
prepared from this body would fail at a somewhat lower temperature
than might be indicated by the computed maximum fiber elongation
based on results determined at room temperature and the thermal
expansion data.

It is also pointed out that in spite of the care exercised in firing the
ware, the temperature within the kiln was sufficiently nonuniform to

account for differences in the physical properties between bar speci-

mens and saggers though both were prepared from the same body and
fired at the same time. This condition is well illustrated if the porosi-

ties of the bars and saggers are compared. Although in most instances

the differences are small, attention is directed to the fact that the
differences in other properties may be quite pronounced. For example
the data show that a change of 10 per cent in the value for porosity

due to firing at the higher temperatures might easily account for a 50
per cent change in modulus of elasticity. (Bodies 3BF, 14BF, Table
2.) In correlating the results obtained on bar specimens with those

obtained on the saggers, some of the apparent discrepancies can easily

be accounted for by the slight differences in firing treatment which
the ware received.

3. BODY STRUCTURE

Figure 5 shows the structure of various types of sagger bodies.

Body X2BC and commercial body "M" are of greatly different struc-

ture, but have very nearly the same linear thermal expansion and
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maximum fiber elongation. The reasons for the poor resistance to

failure shown by saggers prepared from these bodies is probably due
to their comparatively high thermal expansion below 250° C. and the

rapid decrease in maximum fiber elongation with increase of tempera-
ture. The grog particles in body "M" are not well bonded, but be-

cause of the angular shape of the grog which permits interlocking of

the particles, a high fiber elongation is obtained. Bodies 2BC and
4BC have the same computed maximum fiber elongation, but have
greatly different thermal expansion. The porosity of the grog in

body 2BC is greater than that in 4BC. As a result the resistance to

failure shown b}^ body 2BC is almost twice as great as that shown by
4BC. Bodies 14BC and 19BC have a relatively low and very nearly
the same thermal expansion, but the maximum fiber elongation deter-

mined at 20° C. was very much greater for 14BC than 19BC. As a
result of both the favorable fiber elongation and thermal expansivity
saggers prepared from body 14BC did not crack in the heat-shock
test before reaching 890° C, whereas those prepared from bodj^ 19BC
cracked at an average temperature of 445° C. A study of the photo-
graph for 19BC shows that the grog used is nearly vitrified. Its effect

on the structure was undoubtedly one of the primary causes of the
comparatively low resistance to failure of saggers prepared from body
19BC.
Some information on the effect of resistance of saggers to failure

when subjected to heat shock and when using open and dense firing

clays as grog in the body compositions was given in the preceding
report. 7 Additional data have been obtained, and are summarized
in Table 4, to show the advantage of using open burning grog rather
than the dense burning. The table is made up of five groups, the bond
remains unchanged in each of the bodies of any one group, but the
grog is varied. A comparison is intended between the members of a
group and not between the groups.

Table 4.-

—

Temperatures of failure of saggers and porosities of clay and grog
in the bodies

Group Body No.

»

Average
porosity
of clays

Average
porosity
of grog

Tempera-
ture at
which
saggers
cracked

A / 1BC
I 2BC

f
10BF

\ 11BF
{ 12BF

j 10BC
\ 11BC
I 12BC

( 15BF
i 16BF
I 17BF

1 15BC
\ 16BC
I 17BC

Per cent
28.0
28.0

33.0
33.

33.0

33.0
33.0
33.0

31.0
31.0
31.0

31.0
31.0
31.0

Per cent
14.0
32.0

33.0
36.0
30.0

33.0
36.0
30.0

31.0
2<5.0

36.0

31.0
26.0
36.0

°C.
635

B_...

865

480
530

C

400

475
525

D

410

460
415

E

550

550
435
625

« See Table 1 for body compositions.
7 See footnote 1, p. 1017.
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These results, as well as those previously reported, show that in
e^ery case the sagger life is increased as grog of greater porosity is

used. Although the fiber elongation is favorably affected with
increase of porosity in most cases there are changes in the other proper-
ties, such as thermal expansion, which materially affect their life as
well.

In conclusion, it might be stated that the results of the entire study
indicate that in the majority of instances it is desirable to analyze
the conditions of service under which saggers are to be used. In most
cases it is apparently impossible to prepare sagger bodies from the
usual run of sagger clays without sacrificing one or more desirable

properties for the sake of some one property which the user deems to

be paramount to all others. For instance, if it is considered necessary
or desirable to have a strong sagger with a low plastic deflection, it

would be advisable to eliminate the coarser sizes of grog. The re-

sistance to failure due to thermal shock would necessarily have to be
sacrificed to some extent. On the other hand, where resistance to

thermal failure is of primary importance and where the load is light,

so that plastic deflection is of minor consideration, a coarse grogged
body with a low thermal expansion should be chosen. In other words,
by knowing the properties of the material entering into a body, it is

possible to make saggers having properties which are considered the
most desirable for the service intended and which approach the best
that may be obtained with such clays.

VII. SUMMARY

From 5 to 12 small saggers were made from each of 35 laboratory
prepared sagger bodies and from each of 10 commercially prepared
bodies. The 35 bodies were prepared from combinations of 28 differ-

ent clays, some of which were used only as the bond, others as both
grog, obtained after firing, and bond. The majority of the bodies
were made in two series, one of which was prepared with coarse grog
and the other with fine grog. The saggers were tested for resistance

to heat shock after firing at one or all three of the following tempera-
tures, namely, 1,190°, 1,230° and 1,270° C. Specimen bars were
made to correspond with each set of saggers and fired simultaneously
with the saggers. These bars were used for determining linear thermal
expansion from 20° to 1,000° C, porosity, moduli of elasticity and
rupture and plastic flow at 1,000° C.
The data show that increases in the temperature of firing, although

evidenced by comparatively small decreases in the porosity of the
sagger bodies may cause great increases in the modulus of elasticity.

This in turn affects the maximum fiber elongation unfavorably and
thereby decreases the resistance of saggers to failure due to thermal
shock.
The linear thermal expansion of the bodies changes with increase

of temperature of firing, but such changes are not consistently either

in the same direction or of the same magnitude.
Data are given to show the importance of controlling, first, the linear

thermal expansion and, second the maximum fiber elongation if it is

desired to obtain a high resistance of saggers to failure due to thermal
shock. A total linear thermal expansion from 20° to 250° C of approx-
imately 0.18 per cent or greater practically precludes the possibility
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of obtaining a sagger having a high resistance to thermal shock. The
life of the sagger is more sensitive to changes in thermal expansion
than to changes in the computed outer fiber elongation.

The plastic flow studies at 1,000° C. show that:

1. Bodies containing the coarse sizes of grog have plastic deflections

decidedly greater than those containing the fine grog sizes.

2. The plastic flow decreases with increase of temperature of firing

of the specimens.
3. The flux content is an important factor in the tendency of the

bodies to flow or deform at high temperatures, and is more serious if

the silica content is high.

The results show that it is very desirable to analyze the conditions
of service under which saggers are to be used because in most cases

it is impossible to prepare sagger bodies, from the usual run of clays,

which have properties ideally suited for longevity in all types of

service. By studying the properties of the finished sagger body and
the clays and grog constituting it, it is possible to make quality saggers
limited only by the character of the materials used.

Washington, May 29, 1931.












