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INTRODUCTION

The first objective of this investigation was to determine which
deposits of clays, shales, and loesses in Missouri are suitable for use
in the production of lightweight aggregate by virtue of their expanding
characteristics upon heating, The second objective was to determineg if
possible, commercially feasible additions that will produce the bloating
property in shales that do not naturally bloat,

There are two conditions which must be met in firing in order to
bloat a clay or shale, First, a gas must be formed and evolved during
firing, Second, enough glass of the proper viscosity must be formed
to trap the gas and permit expansion,

There has been a good deal of research conducted in an effort to
determine the bloating agents, The only conclusion one can draw in
general from this work is that the bloating agents vary and it is diffi-
cult to tie down specifically the agents and reactions involved, and in
this regard each clay and shale is a separate problem, It is a matter
of record, however, that the majority of shales show some bloating,
this was also found true of Missouri shales, In this work, no direct
attempt was made to aetermine gas producing agents since in the major-
ity of cases these agents occurred naturally in the shales, Therefore,
the second part of this work was concerned with finding a suitable
additive which would promote the formation of glass of the proper vis-—
cosity at the right temperatures,

This problem is of considerable economic importance since there
is an acute demand for lightweight concrete aggregate, Lightweight

concrete aggregate is very popular for use in the production of concrete



blocks because of its lightweight, insulating and acoustic properties,
In large concrete structures the use of lightweight aggregate can
effect a very worth while saving in structural steel and thus justify
its slighly higher cost,

Previous to this work very little had been known as to the
bloating characteristics of the clays and shales in Missouri,

In the process of this investigation, firing behaviors hawve
been run on all the samples collected and these data might in the future

be valuable to the structural clagy products industry,



RZIVIEW OF PR&VIOUS WORK

In 1903 T, E, Ja.ckson(l) theorized that the bloating of clays was
caused by the evwolution of oxygen liberated by the dissociation of
ferric oxide, He did not present any experimental evidence, however,
to support this theory,

Orton and Staley(z) did not believe ferric oxide was the cause of
bloating since all clays would then bloat at the same temperature and
their experiments showed that clays bloated at temperatures ranging
from 1100° to 1700°C,, and also many clays that contain iron do not
bloat, They believed that the oxidation of various forms of carbon
could cause bloating, They also suggested that iron sulfide was not
dissociated in firing but was dissolved in the melt and as more silica
was dissolved the melt became acid causing the sulfur to come out of
solution as sulfur dioxide which could cause bloating,

Wilson(B)believed that bloating resulted in the decomposition of
compounds such as Ca.SOh. He listed two causes of bloating: 1, incom-

plete axidation during firing below the vitrification temperature and

(l)Jackson, Te E.y Pe 43, discussion of the paper "Changes in
Color of Clays on Ignition in Clayware Kilns," by Arthur Hopwood,
Trans, Ceram, Soc, (Enzl,), 1903, pp. 37-43.

(2)opton, E., and Stalsy, H, F,, Status of C, Fe, and S in Clays
During Various Stages of Burning; 3 rd, report, National Brick Manu—
facturers! Association, Indianapolis, Indiana, 1908,

(B)Efilson, Hewitt, Ceramics - Clay Technology, McGraw-Hill
Book Co,, Inc,, New York, 1927, 296 pp,



2. evolution of gases during and above the vitrification range,

(4) recognized that physical conditions

Bleininger and Montgomery
such as rate of heating and kiln atmosphere affected bloating,

F, G, Jackson(5)attempbed to determine what compounds were formed
with sulfur, iron, and silica before, during, and after the liberation
of gases such as S0,, 803, and CO,, He mixed various impurities with
pure kaolinite and fired to 750°C, He found that not all sulfur was
evolved at low temperatures, Bloating, he believes, is due to that
sulfur retained at high temperatures in complex compounds with iron and
silica,

(6)

Austin, Nunes, and Sullivan' ‘quantitatively determined the gases
evolved during bloating by heating various bloating clays in a tube
furnace, They studied the effects of heating rates, air flow and
different atmospheres on bloating, The gases evolved were 002, 803,
and Hy0, They believed that the CO, was formed from the oxidation of
elemental carbon by the reduction of ferric axide, since good bloating
was attained in a nitrogen atmosvhere, They suggested that the SO3
resulted from the decomposition of sulfates originally present in clay

or formed during the firing, The water was not believed to come from

a clay mineral,

(l")Bleininger, A, V., and Montgomery, &, T,, "Effect of Overfiring
Upon the Structure of Clays," Trans, Am, Ceram, Soc,, 15, 71-85 (1913),

(S)Jackson, F. G,y "Oxidation of Ceramic Ware During Firing: 2,
Decomposition of Various Compounds of Iron with Sulfur Under Simulated
Kiln Conditions," J, Am, Ceramic Soc,, 7 (4) 223=37 (1924),

(6),

Austin, C, R,, Nunes, J, L,, and Sullivan, J, D,, "Basic Factors
Involved in the Bloating of Clays," Am, Inst, lining & let, Engrs,,
Tech, Pub, No, 1486; Mining Technol,, 6 (4) 11 pp. (1942),



(7

Conley, Wilson and Klinefelter studied the engineering aspects

of bloating clays for concrete aggregate, They also did research on

the cause of bloating, They tried to find a correlation between chem-
ical components and bloating by making numerous chemical analyses of
bloating and non-bloating clays, They added many substances to non-
bloating clays, They got good results with sulfates, carbonates, flowers
of sulfur, red phosphorus and others with different clays, Thgr con-
cluded that many non-bloating clays could be made to bloat by proper
admixtures and that poor bloating clays could be improwved, but that each
clgy was an individual problem,

Riley(a) by utilizing a large number of chemical analyses of bloat-
ing and non-bloating clays defined the limits of bloating on the com-
position diagram A1203 - S5i0, - Flux, The "area of bloating" on this
diagram showed the desirable composition of clays which satisfy the
cordition that a bloating clay must form enough glassy phase of high
enough viscosity to trap a gas at bloating temperatures, He tested this
area by adding alumina and silica to non-bloating clays, These mixtures
bloated, He also found that many igneous rocks whose compositions fall
within this area bloated when ground and cast into briquettes and fired,

Riley believed that bloating is caused by the reduction of Hematite and

the formation of S0, from pyrite,

(7)Conley, J, 5,, Wilson, Hewitt, Klinefelter, T, A,, "Production
of Lightweight Concrete Aggregates from Clays, Shales, Slates, and
Other Materials," U, S, Bur, Mines Repts, Invest,, llo, 4401, 121pp (1948).

(8)Riley, C. M,, "Relation of Chemical Properties to the Bloating
of Clays," J, Am, Ceram, Soc,, 34 (4) 121-28 (1951),



Larson(9) fired twelve shale and clay samples from different lo-
cations in Missouri, He fired 1" x 3/4" s 3/4" blocks in a gas fired
nuf £1le furnace until they bloated or melted down, Of the twelve samples
fired he reported seven as good bloating, Five of these seven good
bloating samples were retested in this work, three of which were con-

sidered to be good bloating,

(9)Larson, L, N,, "Ceramic Possibilities of Some Missouri Clays
and Shales," Thesis 753, Missouri Schocl of Mines and Metallurgy,
Rolla, Missouri



SAMPLING AND PREPARATION FOR TESTING

The locations from which the samples were taken were chosen by
Dr, E, L, Clark, All the samples were collected by ixr, W, R, Higgs,
Appendix A contains the exact locations of the samples and the geo-
logic descriptions of the outcrops as written by Mr, Higgs.

Many of the locations comtained three or four geologic formations
of interest, each of which was sampled ard tested separately,

The majority of the samples were collected from natural outcrops,
A few were taken from open pit excavations at coal and brick plants,
The samples were collected by channeling so as to eliminate weathered
material,

The formations sampled ranged from twelve feet to fifty-three feet
and approximately one hundred pounds were taken for each sample,

A total of fifty-five individual samples were obtained from forty-
two locations in twenty-five counties,

Each sample was air dried and put first through a jaw type crusher
and then a hammer mill, Each sample was piled and quartered until a
twenty pound fraction remained, This fraction was again piled and
quartered until a five pound portion remained, The five pounds were
passed through a 20 mesh sieve (U, S, Standard) and enough water was
added to make it workable, One inch cubes were then molded from the
clay and marked, After drying at 110°C these cubes were used in the
firing tests,

For running chemical analysis and differential thermal analysis
a representative 100 grams were removed and ground to pass a 100 mesh

sieve,



FIRING TaSSTS FR BLOATING

It has long been recognized that there are two conditions that
must be met by a sample in firing in order to produce a good bloat,
First, the sample must contain compounds which dissociate or react with
other compounds upon heating to form a gas, Second, the sample must
have formed enough glass of the proper viscosity to trap the gas and
permit expansion, It can readily be seen that the viscosity and amount
of the glass formed is fairly critical, If the glass is too fluid, the
gas will bubble out leaving rather large connected pores in the mass
and little expansiocn will take place, if too little glass is formed the
gas will not be trapped in the mass, In view of this, two firing tests
were run on every sample, The first firing test was a ceramic firing
behavior which is characterized by a slow rate of heating, The second
firing test was a very rapid heating intended to show whether the rate
of heating had anything to do with whether a sample would bloat or not,
It was thought that if gas ewolution started before there was sufficient
vitrification a slow heating rate might complete gas ewolution without
bloating the sample, therefore a rapid fire would be necessary,

Besides the rate of heating, there was another dif'ference between
the two firing tests which proved to be far more significamt, This
significant dif ference was in the furnace atmosphere, The firing be=-
haviors were conducted in an electrically heated air furnace and the
atmosphere would be oxidizing while the rapid firing was conducted in
a gas itired furnace which tended to be reducing since the air-gas mixture
was kept rich in gas as shown by yellow flames shooting out the top and

door of the rfurnace,



For rurming the firing behavior eighteen one inch cubes of each
sample were mede, These cubes were marked with the sample number and
the pyrometric cone at which they were to be fired, Two cubes were
fired to each cone, Samples were withdrawn from the furnace at cones
06, O4, 02, 1, 3, 5, 7, 9, and 11, these correspond approximately to
temperatures of 1005, 1050, 1125, 1145, 1180, 1210, 1250, and 1285°C,
respectively, Pyrometric cones were used instead of arbitrarily chosen
withdrawal temperatures for two reasons: 1, the thermo couple could
not be easily shifted around in the furnace and the use of pyrometric
cones eliminated the necessity of determining the temperature gradient
in the fwrnace and the effect of withdrawing semples, and 2, pyrometric
cones are a measure of heat treatment or time as well as temperature,

After the cubes had been made, marked, ard dried, their weights and
volumes were taken and recorded, After running the firing behavior,
the weights and wvolumes were again taken and recorded, These measure—
ments permitted a calculation of fired density and per cent shrinkage
or expansion, Vieights were taken to one tenth of a gram, Volumes
were taken with a mercury volumeter and read to one hurdredth of a
cubic centimeter, These data, although valuable to one interested in
making brick or pottery, only tell one of two things of interest con-
cerning their wvalue as lightweight aggregate, The pore structure of
the bloated piece is Jjust as important as the amount of expansion, The
data on density and expansionngcnot included in this work but will
be reported in another thesis, The result reported in this work is
simply whether a bloated piece floated on water or not, This was the
criterion used to deternine if the expansion was sufficient for use as

lightweight aggregate.
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The furmace used for the firing behaviors was an upright muffle
furnace, The heating elements were six "Globars," The rate of heating
was controlled by a lMicromax temperature indicating program controller,
The rate of heating was 60°C, per hour to 1050°C, and then 20°C, per hour,

The size of the furnace permitted six firing behaviors to be run
at once,

The samples to be withdrawn at one cone were placed on a 3" x 43" x
91 "Mullfrax" split along with the proper pyrometric cone, A peep hole
was left in the furnace door and when a cone went down the door was
opened and one entire split was removed and placed in a pan of fire clay
grog, grog was also poured on top of the split and samples to prevent
shattering from thermal shock,

The rapid firings were run in a gas fired semi-mffle furnace, One
cube of each sample was fired and two samples were fired at once, The
dried cubes were placed on a "Mullfrax'" split which had been dusted
with silica sand, The samples were fired until they either bloated
or melted down, If one bloated and the other one did not bloat or melt
down, the latter was repeated later, The atmosphere in the furnace was
kept reducing by keeping the air-gas mixture such that yellow flames
issued from the top and around the door of the furnace, The rate of
heating was approximately 600°C, per hour, The temperature was read
with an optical pyrometer,

After running both firing tests on all of the samples, those that
bloated had to meet two arbitrarily chosen tests in order to be con-
sidered good, First, the sample must float on water or almost float
once the nonporous "skin' which always formed was broken off, Second,

the pores formed must be small and not interconnected, The first test
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measured in a small way the extent to which the pores were interconnected
but the second test was necessary since in some samples the pores were
large, not well disseminated, and only separated by a thin glassy, very
brittle wall, This, of course, made the bloated piece very weak and
unsuitable for this reason, At first, it was thought that a separate
estimation of the strength would be desirable but it was found that if
the pore structure was considered good the strength was also good,

Table I contains the results of both firing tests; it includes
a separate comment on the bloating, if any, during both firings, whether
the sample floated on water, a comment on the pore structure, and the
best bloating temperature,

The bloating samples fell into two groups: those that bloated
during both firing tests, and those that bloated only upon quick firing
in a reducing atmosphere, Samples 3A, 7, 10B, 20B and C, 23, 27, 33,
36, 37, and 38 bloated during both firings, Samples 1, 2, 3B, 4, 5, 6,
8A, 15B, 24, 26, and 29 bloated during the cuick firing,

A comparison of the samples that bloated well in both firing tests
indicates that the rate of firing does not seem to be wvery important for
these size samples, The slower firing rate of the firing behavior did
improve the pare structure a little since the pores were smaller with
very few connected, This difference in pore structure would be expected
to become greater as the size of the sample increased, but no investi-
gation was conducted on this point,

Two facts can be concluded about the samples that bloated during
both firings, One, the rate of heating is not important for small
samples, and two, the furnace atmosphere does not e@ffect the bloating

of these samples,



12

The fact that some of the samples only bloat in the reducing
atmosphere of the rapid firing test merely tells us that bloating is
promoted either by rapid firing or a reducing atmosphere, Although
no direct tests were conducted to determine which of these two factors
promoted the bloating, the work on additives influences the writer to
believe that it is the furnace atmosphere rather than the rate of firing,

In general, it was noticed that the best of the good bloating
samples were the ones that bloated during both firing tests,

Plates 1, 2, and 3 are actual size pictures of nine of the good
bloating samples, Bach of these samples floated on water and it is

readily seen that the pores are small, separasted, and uniformly spaced,



TABLE 1
Sample # 1

Excellent bloating in the reducing atmosphere of the quick firing
test, pore structure excellent, specific gravity less than one, best
bloating temperature 1250° X 20°C,

Very slight bloating at cone 9 in the oxidizing atmosphere of the
firing behavior test, Sample melted at cone 11,

Sample # 2

Excellent bloating in the reducing atmosphere of the quick firing
test, specific gravity less than one, pore structure excellent, best
bloating temperature 1150 % 50°C,

Slight bloating from cones 7 to 11 in the oxidizing atmosphere of

the firing behavior,
Sample # 3A

Good bloating during the firing behavior at cones 7 and 9, oxi-
dizing atmosphere, specific gravity less than one, pore structure good,
bloating temperature 1250° % 2Cec C,

Good bloating at same temperature dwring the quick fire,
Sample # 3B

Good bloating under the reducing conditions of the quick firing,
specific gravity about one, pore structure fair, bloating temperature

1200° * 50°C,

Slight bloating during the firing behavior at cones 7 and 9 under

oxidizing conditions, melted at core 11,
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TABLE I (Conttd,)

Sample # 3C
Good bloating under the reducing conditions of the quick firing,
pore structure wery bad with large connected pores, bloated at 1250°C,

Very slight bloating during the firing behavior, melted at cone 11,

Sample # 3D
Very slight bloating during both firings, It didn't melt at cone

11 but was very well vitrified,

Sample # 4

Good bloating during the quick firing, reducing conditions,
specific gravity less than one, good pore structure, bloating temper-
ature 1300° £ 20°C,

Very slight bloating under the oxidizing conditions of the firing

behavior, did not melt at cone 11 but was well vitrified,

Sample # 5

Good bloating during the quick firing, reducing conditions,
specific gravity less than one, poor pore structure, Dloating temper—
ature 1250° * 30°C,

Very slight bloating under the oxidizing conditioms of the firing

behavior, did not melt at cone 11 but was very well vitrified,

Sample # 6
Good bloating under reducing conditions of the quick firing, pore
structure fair, specific gravity about 1, bloating temperature 1300° *

30°C,
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TABIE I (Conttd,)

Slight bloating during the firing behavior, did not melt at cone 11,
Sample # 7

Excellent bloating during both firings, axidizing or reducing con-
ditions, specific gravity less than one, excellent pore structure,

bloating temperatures 1200° % 50°C,

Sample # 8A

Good bloating during the quick fire, reducing conditions, specific
gravity about 1, good pore structure, bloating temperatures 1250¢ X
50°C.,

Fair bloating under the oxidizing conditions of the firing be-
havioy pore structure not well developed, specific gravity greater than

one, melted at cone 11,

Sample # 8B
Poor bloating during both firings, oxidizing or reducing conditions,
pore structure not well developed, specific gravity greater than one,

did not melt down at cone 11 but very well vitrified,

Sample # 8C

No bloating in either firing, Sample was well vitrified at cone 11,

Sample # 9A
Slight bloating dwring the firing behavior, oxidizing conditionms,
pore structure not well developed, specific gravity greater than one,

melted at cone 11,

No bloating when quick fired to 1260°C in a reducing atmosphere,
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TABLE I (Cont'd,)

Sample # 9B

No bloating under reducing conditions of quick firing to 1300°C,

No bloating during firing behavior, did not melt at cone 11 but

was well vitrified,

Sample # 9C
Poor bloating during the firing behavior at cones 9 and 11, pore
structure not well developed, specific gravity greater than one,

No bloating under the reducing conditions of quick firing to 1270°C,

Sample # 10A

Poor bloating under the oxidizing conditions of the firing be-
navior at cones 9 and 11, pore structure not well developed, very well
vitrified at cone 11,

No bloating under the reducing conditions of quick firing to 1260°C,

Sample # 10B

Fair bloating under the oxidizing conditions of the firing be-
havior at cones 9 and 11, pore structure good, specific gravity less than
one, bloating temperature 1300 % 20°C,

Fair bloating under the reducing conditions of quick firing to
1300°C,

Sample # 11
Poor bloating under the oxidizing conditions of the firing be-
havior at cone 11,

No bloating under reducing conditions of quick firing to 1270°C,

Sample # 12
Very poor bloating in the oxidizing atmosphere of the firing



TABLE I (Cont'd,)

behavicr at cones 9 and 11,

No bloating in the reducing atmosphere of quick firing to 1270°C,

Sample # 13
Very poar bloating in the oxidizing atmosphere of the firing be-
havior at cones 7, 9 and 11, very well vitrified at cone 11,

No bloating in the reducing atmosphere of quick firing to 1275°C,

Sample # 14
Very slight bloating in both firing tests at 1300°C, but very

well vitrified at this temperature,

Sample # 154

Very slight bloating in the oxidizing atmosphere of the firing be-
havior at cone 7, At cone 9 the bloating was good but the pore structure
was bad (large, open and interconnected pores), sample relted down at
cone 11,

Very slight bloating in the reducing atmosphere of quick firing
to 1270°C,

Sample # 15B

Good bloating in the reducing atmosphere of quick firing to 1330°C,,
pore structure good, specific gravity less than one,

Slight bloating in the oxidizing atmosphere of the firing behavior

at cones 5 and 7, sample melted at cone 9,

Sample # 164

Poor bloating in the oxidizing atmosphere of the firing behavior
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TABLE I (Contt'd,)

at cone 11,
Poor bloating in the reducing atmosphere of quick firing to 1275°C,,

sample was well vitrified at this temperature,

Sample # 16B
Poor bloating in the oxidizing atmosphere of the firing behavior
at cones 7, 9 and 11, practically melted down at cone 11,

No bloating when quick fired to 1275°C, in a reducing atmosphere,

Sample # 17

Slight bloating at cones 9 and 11 in the oxidizing atmosphere of
the firing behavior, Sample was well vitrified at cone 11,

Very slight bloating when quick fired to 1275°C, in a reducing

atmosphere,

Sample # 18
Very slight bloating at cones 7, 9 and 11 in the oxidizing at-
mosphere of the firing behavior, Sample was well vitrified at cone 11,

No bloating when quick fired to 1270°C, in a reducing atmosphere,

Sample # 19
No bloating in either firing test, Sample was well vitrified at

cone 11 and also when quick fired to 1355°C,

Sample # 20A
No bloating in either firing test, Sample melted completely at

cone 9,

Sample was quick fired to 1270°C, and melted completely without any
bloating,
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TABIE I (Cont'd,)

Sample 20B
Excellent bloating in both firing tests, oxidizing or reducing
atmosphere, excellent pore structure, specific gravity less than one,

best bloating temperature 1250° X 20°C,

Sample # 20C
Excellent bloating in both firing $ests, oaxidizing or reducing
atmosphere, excellent pore structure, specific gravity less than one,

best bloating temperature 1250°C, ¥ 20eC,

Sample # 21
No bloating in either firing test, Sample was well vitrified at

cone 11 and when quick fired to 1250°C,

Sample 7 22
No bloating in either firing test, Sample was well vitrified at

cone 11 and also when quick fired to 1300°C,

Sample # 23

Excellent bloating in both firing tests, oaxidizing or reducing
atmosphere, excellent pore structure, specific gravity less than one,
best bloating temperature 1200° X 50°C,, this sample showed the longest

bloating range, the bloating was excellent from cone 1 through cone 9,

Sample # 24
Fair bloating when quick fired in a reducing atmosphere to 1200°C,,

vore structure fair, specific gravity less than one,
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TABLE I (Cont'd,)

Slight bloating at cone 5 in the oxidizing atmosphere of the firing

behavior, Sample melted down at cone 7,

Sample i 25

Slight bloating at cones 9 and 1l in the oxidizing atmosphere of
the firing behavior, Sample well vitrified at cone 11,

Very slight bloating when quick fired to 1225°C, in a reducing

atmosphere,

Sample # 26

Good bloating at cones 9 and 11 in the oxidizing atmosphere of
the firing behavior test, good pore structure, specific gravity less
than one,

Fair bloating when quick fired to 1270°C, in a reducing atmosphere,

good pore structure, specific gravity greater than one,

Sample # 27
Excellent bloating in both firing tests, oxidizing or reducing
conditions, excellent pore structure, specific gravity less than one,

best bloating temperature 1225 % 25°C,

Sample # 28
Poor bloating at cones 9 and 11 in the oxidizing atmosphere of
the firing behavior test, pore structure fair, specific gravity

greater than one, Sample very well vitrified at cone 11,

No bloating when quick fired to 1210°C, in a reducing atmosphere,



TABIE I (Conttd,)

Sample # 29

Good bloating when quick fired to 1210°C, in a reducing atmosphere,
fair pore structure, specific gravity less than one,

Slight bloating at cones 5 and 7 in the oxidizing abtmosphere of the
firing behavior test, Sample was pretty well melted down at cone 9 with

large interconnected pores,

Sample # 30
Very slight bloating in both firing tests, Sample was very well

vitrified at cone 11 and when quick fired to 1275°C,

Sample # 31
Very slight bloating at cone 11 in the oxidizing atmosphere of
the firing behavior test, sample was well vitrified at cone 11,

No bloating when quick fired to 1245°C, in a reducing atmosphere,

Sample # 32

Slight bloating at cones 5 and 7 in the axidizing atmosphere of the
firing behavior test, Sample was almost completely melted down at
cone 7.

Over bloated and melted down when quick fired to 1210°C, in a re-

ducing atmosphere, the pores were large and interconnected,

Sample # 33
Fair bloating at cone 5 in the oxidizing atmosphere of the firing
behavior test, fair pore structure, specific gravity about 1, sample

melted down at cone 7,
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TABLE I (Conttd,)

Fair bloating at 1190°C, when quick fired in a reducing atmosphere,

poor pore structure, specific gravity greater than one,

Sample # 34
Slight bloating at cones 7 and 9 in the oxidizing atmosphere of
the firing behavior test, sample was well vitrified at cone 11,

No bloating when quick fired to 1250°C, in a reducing atmosphere,

Sample # 35
No bloating in either firing test, Sample was well vitrified at
cone 11 and when quick fired to 1355°C,

Sample # 36

Good bloating at cones 7 and 9 in the oxidizing atmosphere of the
firing behavior test, excellent pore structwre, specific gravity less
than one, sample melted down at cone 11,

Good bloating when quick fired to 1275°C, in a reducing atmosphere,

poor pore structure because of over-firing,

Sample # 37

Good bloating at cone 7 in the oxidizing atmosphere of the firing
behavior test, fair pore structure, specific gravity less than one,
sample melted at cone 9,

Slight bloating at 1190°C, when quick fired in a reducing atmos-—
phere, pore structure not well developed but uniform and well dissemi-

nated,
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TABLE I (Conttd,)

Sample # 38

Fair bloating at cone 7 in the oxidizing atmosphere of the firing
behavior test, poor pore structure, specific gravity greater than one,
almost melted down =t cone 7 and completely melted at cone 9,

Over bloated and melted down when quick fired to 1245°C, in a

reducing atmosphere,

Sample # 39
No bloating in either firing test, Fairly well vitrified at cone

1)1 and very well vitrified when quick fired to 1355°C,

Sample # 40
Very slight bloating in both firing tests, Sample well vitrified

at cone 1l and when guick fired to 1250°C,

Sample # 41
No bloating in either firing test, Sample well vitrified at cone

11 and when quick fired to 1250°C,

Sample # 42
No bloating in either firing test, Sample fairly well vitrified

at cone 1l and very well vitrified when quick fired to 1355eC,
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CHEMICAL ANALYSIS

Complete chemical analyses were run, by the writer, on eight of
the good bloating samples, The complete analysis consisted of deter-
mining Si0,, Alj03, Fex03, TiOp, Cal, Mgl, Nap, K50, and loss on
ignition, A short chemical analysis was run on six of the good bloating
samples, The short analysis consisted of determining S5iCp, Alj03,
Fey03, TiOp, and loss on ignition (L,0.I.). The procedure followed in
the chemical analysis was the one recommended by the AS,TM, for fire
clays, designation C 18-L5, The results are showvn in Table II,

Riley(8) formed o triaxial diagram with 11404, 510y, and fluxes
at the apexes of the diagram, Using the chemical analyses of his bloat-
ing samples and some 8l analyses reported by Conley, Wilson and Kline-
felter(7)he defined a "bloating area" within the diagram, The plotting
of the analyses was done on a loss on ignition basis, Riley's(s)con-
tention was that if the analysis of a clay or shale fell within this
area it met one of the requirements for bloating, i,e, the sample will
form sufficient glass of proper viscosity at bloating temperatures,
Figure 1 is the triaxial with the "bloating area" outlined on it, with
a dotted line, The writer has plotted his analyses on this diagram,
Only three of these samples are definitely outside the "bloating area'
and these are very close considering that the area is only approximate
to begin with, The writer considered this result as enough of a

substangiation of Rilay's(g) hypothesis to use it in the work on

8)_. .
Riley, Op. Cit., Pe 5.

(7)Conley, Wilson, Klinefelter, op, cit,, p. 5
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additives,
The accuracy of the bloating area is surprising considering the wvast
difference in the fluxing properties of the various oxides that are

(8)

bunched at one apex of the triaxial, Riley ‘was even successful in
bloating some igneous rocks whose analyses placed them in the "ares,"
Although no extensive work was done with pure oxides, to see if the
"area" applied, the writer did make one firing using alumina, silica
and hematite plus carbon with no success,

Conley, Wilson, end Klinefelter(7) reported the chemical analyses
of 81 clays and shales, 39 were considered good bloaters, They could
find no definite correlation between chemical analysis and bloating,

The writer was not successful, either, in locating any consistency in

his analyses,

(S)Riley, op, cit,, P. 5.

Conley, Wilson, Klinefelter, op, cit.,, pP. 5.



TABLS IT

Chemical Analysis of Good Bloating Samples

1 2 34 L 6 7 8A 23 27 29 33 36 37 38
Si0,, 60,4 6L L 155.5 1590 | 6747 62,6 | 614 | 59.4 60,0 | 52,7 155.9 | ThsO | 594 53,2
Alp0gf 21,2 | 20,2 [21.4 119.4 | 17,8 118,8 |17.4 [ 143 | 12.7 21,3 (12,1 10,3 | 20,0 {13.5
Fen030 1.1 | 1.9 | 0.7 | 281 3.2 1 2.2 | 3.0 | 3.5 | 51 7.6 | L7 15| 3.2 | 3.6
Ti02 | 0,7 1.1 f o4 § 10! 08 ! 1,0} 1,7 | 1,0 0,71 1.1 | 0,8 | 1,1 1.1 | 0,9
Cad 1.6 247 1.5 2ed 1,1 4.9 3.9 6,2
MgO 1.8 2,9 | 2,1 | 2,6 1.6 2,1 2.5 2,0
Naj0 | 1.0 1.2 | 0.4 | 0,1 0.5 0.7 0.3 1.5
Ko0 2,2 1.8 | 1.5 | 0,8 b5 95 3.3 2,7
LOI 841 7.2 15,7 10,8 843 6.5 | 11,5 79 11,6 9.3 15,1 8,71 12,5 (13,1
Total| 98,1 |100.4 |99.3 |98.7 1 97.8 | 98.8 | 95,0 | 97.3 | 100,1 | 92,0 | 85,6 | 95,7 | 96.2 | 97.2

62
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FIGURE |

100% Si O

60 % AL.20 60 % FLUX



DIFFERENTIAL THERMAL ANALYSIS

Differential thermal curves were run on eight of the naturally
bloating shales; these were samples 1, 2, 3A, 4, 7, 23, 27, and 38,

The curves appecar in Figure 2,

The differential thermal apparatus used continually records an
amplified magnitude of the emf, generated in the differential thermo=-
couple versus time, The furnace was raised at a uniform rate of 10°C,
per min, to 1000°C,

'Although one ol the objects of this work was not to find out what
caused bloating, it was hoped that these curves might give some in-
sight into this problem and thus simplify the problem of finding success-
ful additives, The work on additives will show that the interpretation
of these curves helped in the selection of an additive that proved veny
successful in all of the samples investigated,

Everhart and Van Der Beck(lo)ran differential thermal curves on
many structural clay bodies, Along with the curves they made weight
loss determination and chemical analyses of the gases evolved
during firing, From tkpse data they were able to identify the thermal
reactions, The principed reactions they identified were the exothermic
burninc out of organic carbon above 100°C,, the sharp exothermic peak
occurring at sbout 500°C, caused by the primary oxidation of pyrite
and marcasite, and the slight endothermic peak occurring between 750°C,
and 850°C, caused by the decomposition of calcium and magnesium carbon-

ates, These reactions are the first ones one would think of when

o —

(10)

Everhart, J, O,, and Van Der Beck, R, R,, Jr,, "Differential
Thermal Analyses as a Means of Predicting Firing Behavior of Structural
Clay Materials," Am, Ceram, Soc, Bull,, 32 (7), pp. 239-41, (1953).
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censidering the bloating of shales, Since the structural clay bodies
they used consisted of shales or shales mechanicelly mixed with clays,
the interpretation of their differential thermal curves may be a pplied
directly to the curves dbtained in this work,

When one is looking for a reason for bloating, it would naturally
be hoped that all the bloating is due to one cause, Since all of the
curves, Figure 1, are of good bloating shales, they were examined for
some similarity, The only similarity evident is the long smooth exo-
thermic curve due to the oxidation of organic carbon, The oxidation
of the iron sulfides are plainly evident on the curves for samples 1,
3A and 4 but are only slightly observed if at all on the other curves,
It will be remembered from the section on firing that 1 and 4 bloated
only in the reducing stmosphere of quick firing while sample 3A bloated
during both firing tests,

The endothermic peaks due to the decomposition of the carbone-
ates 6n1y appear in curves 3A and 4 and these peaks are probsbly em—
phasized by the endothermic reaction due to the evolution of the water
of crystallization,

The significance of these curves was considered to be the con-
tinued oxidation of organic carbon even at 1000°C,, and also that there
was no evidence that this oxidation was anywhere near completed at this
temperature, In fact, the curves indicate that the maximum oxidation
has not yet been reached at 1000°C, in most cases, This evidence
coupled with the fact that the best bleating occurred from 1100°C, to
1300°C, leads the writer to attribute bloating to the oxidation of op-
ganic carbon, It must be remerbered, however, that bloating cannot take
place unless glass of the right fluidity is formed before all the carbon

is burned out, Fortunately, glass formation and its fluidity can
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be adjusted by additives and the rate of carbon oxddation can be
partially contrclled by keeping a reducing atmosphere in the furnace,
A reducing atmosphere would tend to greatly deter the oxidation of
carbon unless there was also a compound in the sample that was un-—
stable at high temperatures and in the process of changing forms liber-
ated oxygen that could combine with the carbon, This reasoning was
put to use in the work on additives, The work on additives substantiates,
in the writer!s opinion, the indications, shown br the differential
thermal curves, that the cause of bloating in these shales is the
oxidation of organic carbon,

Some researchers into the problem of the blosting of shales have
maintained that the oxidation of carbon cannot cause bloating be=-
cause many high carbon shales do not bloat, while some low carbon
shales do, But this argurent is not a gocd one unless the amount
and fluidity of the glass formed at blogting temperatures is considered,
Therebis also another consideration that must be taken into account and
that is the furnace atmosphere, In the work on additives, it will be
shown that the furnace atmosphere is of prime importance, since in at
least 6 cases, all those tried, very little bloating occurred in an
oxidizing atmosphere while an excellent bloat resulted from firing in
a reducing atmosphere, Also, if one calculates the theoretical amount
of carbon necessary to bloat a sample 100%, the percentage is remarkably
small, The dry volume of the samples was apprazimately one cubic inch
or about 16 cc, Under standard conditions one mole of gas will occupy
22,4 liters, Therefore, at standard comditions 16/22400 or 0,00071k of
one mole of gss will expand a lécc, sample 1007, Of course, the

fraction of a mole would even be less at blqating temperatures if the
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pressure inside a sample could be neglected, but since the calculation
is just an illustration, standard conditions will be assumed, To con-
tinue; 0,00071; times the molecular weight of carbon giwves about 0,0086
grs, of carbon, The dry weight of the samples averaged about 25grs,,
therefore, 0,034% of carbon would bloat a 25 grs, sample 100%, Bloat- ]
ing a sample 100% would make the bulk density 0,834 grs/cc, which is
less than water and, therefore, would satisfy the criterion used for

suitable expansion,
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ADMIXES

The first admixes tried were CaSOh and CaC0O3 because these would
be the most convenient if they proved successful, The theoretical per-
centages of CO, and SO05 it would take to bloat a sample 100% were cal-—
culated and added to samples 10A and 41, These amounts were 9,7%
CaS0y gnd about 7 «2% CaCOB. The samples were fired in both oxidizing
and reducing atmospheres in a gas fired furnace, The atmosphere was
controlled by the air-gas mixture, excess air gave an oxidizing at-
mosphere and excess gas gave a reducing atmosphere, In all cases, the
rate of heating was approximately 600C° /hr, The results were just
about what would be expected by anyone familiar with the fluxing prop—
erties of most calcium compounds, The samples melted down completely
and rapidly at about 1100°C,, no bloating was apparent, Samples 10A
and 41 were chosen, more or less arbitrarily, for these first tests,
Sample 10A was chosen because it showed some inclination to bloat with
no admixes and 41 was chosen because it showed no bloating at 211 in
either of the previous firing tests,

There has been a good deal of work on admixes to produce bloating,
The most extensive, as already mentioned, was by Conley, Wilson, and
Klinefelter(7). The only method of choosing additives has been to
make an intelligent guess and see what happened, In all cases, the
guess was an effort to add a gas producing agent,

The writer noted that of the 55 samples fired, only 10 showed no

bloating at all in either firing test, this suggested that the gas

(7)

Conley, “ilson, Klinefelter, op,cit,, P, 5.
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producing agents were present in most cases, If this was indeed the
case, then the logical approach to admixtures was selecting ones that
properly adjusted the amount and viscosity of the glass formed at
bloating temperatures, In this light the triaxial and "bloating area"
defined by Riley'®)could perhaps be used, With this in mind the

writer ran seven short chemical analyses on samples that show slight
bloating, The samples were chosen from different parts of the state
and were 10A, 11, 12, 16B, 17, 25, and 34, Table 3 gives their
analyses, After recalculating these analyses tc a L, O, I, basis,
they were plotted on the A1203-Si02-Flux composition diagram, Figure

5 shows this triaxial with the seven points plotted, The "bloating
area! is also outlined by a dotted line in Figure 5, As can be seen,
most of these slight bloating samples fell within the bloating area,
therefore they supposedly mst the second requirement for good bloating
samples, i,e,, enough glass of the proper viscosity is formed at bloat-
ing temperatures, Therefore, either the writer's assumption , that the
gas producing agents are present, was wrong, or else the "bloating
area" hypothesis is not entirely correct, It was decided that the
"bloating area" contention was weak because of the nature of the tri-
axial in which it was plotted, In this triaxial all fluxes are bunched
at one apex regardless of their fluxing properties, Therefore, iron
compounds which are in general poor fluxes are given the same impartance
as calcium compounds which are very active fluxes, With this in mind,
the writer decided to add a "wezk" flux so that aporeciable amounts

could be added, thus assuring a good density of glass formed at bloating

(8)Riley’ opo Cito po 5
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TABLE III
10A 1 > 168 | 17 25 9k
$i0, 61,1l 61,8 6l,5 5447 59.5 71,3 4,6
Al03 | 16,5 | 17.6 | 20,4 | 20,1 ] 16,1 | 11,7 8.5
Fen03 | h.l 7.9 3.8 3.2 6.8 2 5 2.8
Ty 1.9 1.1 0.9 0.8 1.9 1.0 1.0
L,0.I.112.4 7.1 7. | 10,5 | 12,3 5.4 | 10,9
Total 96,3 055 97 .0 8943 96,6 94,8 97 .8
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temperatures, Also, the flux added must not form a very fluid glass,
These conditions eliminated calcium compounds since not only are they very
active fluxes but calcium glasses are very fluid, The writer decided
upon Fe203. The reasons for choosing Fe203 were threefold: 1, it

met the above conditions arbitrarily imposed on the additive by the
writer; 2, Fe 0, is reduced to Fe0 liberating oxygen at about 1000°C,

273
according to Hostetter and Roberts(ll)

and, therefore, would make avail-
able the oxidizing conditions ims ide the sample necessary for the oxi-
dation of organic carbon; and, 3, it is readily available as hematite,

Referring to Figure 5, it was possible to add percentages of ferric
oxide so as to keep six of the seven samples within the bloating area,
These six were 10A, 11, 12, 16B, 17, and 25,

Fe203 was added to 10A, 12, 16B and 17, Table 4 gives the per-
centages added and the new position of the mixtures in the triaxial as
percentages of 5i05, Aly03, and Flux; it also contains all additive
firing résults. The samples plus the Fe203 were placed in ball mills
and mixed in this way for about an hour, They were then mixed with
water and made into one inch cubes for firing, After drying at 110°C,
they were fired rapidly in a gas fired furnace, The atmosphere was kept
oxidizing by adjusting the air-gas mixture, The results of this firing
were very significant, In all cases the samples did not bloat but when
broken open showed that a bloated structure had formed in the center,
This meant that the furnace atmosphere had prevented bloating to the
depth that it was effective, The pieces were then fired in a reducing

atmosphere in the same furnace, Each of these four samples bloated

(ll)Hostetter, J, C,, and Roberts, H, S,, "Notes on the Dissociation
in Glass and Its Relation to the Color of Iron-Bearlng Glasses," J, Am,
Ceram, Soc,, 4 (11) 927-38 (1921),
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excellently, They had excellent pore structure and floated on water,

The result of adding Fej0, and producing an excellent bloat only in

3
a reducing atmosphere coupled with the indications, from the study of

the differential thermal curves, of the good bloating samples, that the
oxidation of organic carbon was the bloating agent leads the writer to
believe the cause of bloating in these samples is solved, In a reducing
atmosphere, organic carbon would not be burned out, therefore, at a high
temperature when Fe203 is reduced to FeO liberatinz oxygen, the carbon

is still there to be oxidized forming CO and 002 which bloats the sample,
To test this hypothesis Fe203 was added to samples 6 and 8A, which were
good bloating samples during the gquick firing test with no additives,
Eleven per cent Fey03 was added to sample 6 and 5,9% was added to sample
8A, Eleven per cent Fej03 placed sample 6 within the "bloating area"
since it was not before, and 5,9% Fe203 kept 8A within the area, Samples
6 and 8A were then quick fired in an oxidizing atmosphere and neither
sample bloated but formed small bloated cores as did the slight bloating
samples, When fired in a reducing atmosphere, however, both bloated
excellently, in fact, much better than they had with no additive, Plate
L4 contains actual size pictures of sample 6, bloated with no additive and
when bloated containing 11% Fej03,

To further test this hypothesis, two bodies were made up using non-
bloating, naturally occurring minerals, Figure 5 shows the theoretical
position of Nepheline Syenite, 2(Na20, KZO) bid 14.A1203 x 95105, in the
triaxial, To Nepheline Syenite enough silica was added to place the
mixture in the "bloating area' and to this mixture Fes03 and lamp black
were added, Table L gives the percentages and the mixture!s position

in the triaxial, The other body contained just potassium feldspar, Fey03,
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and lamp black since feldspar falls within the "bloating area', Table
L gives the percentages of each,

Bach of these mixtures were ground and mixed in ball mills for 2
to 3 hours, After forming them into one inch cubes and drying, they
were fired rapidly in a reducing atmosphere, both bloated, The feldspar
sample bloated enough to be considered good, Plate 6 contains actual
size photogravhs of both these bloated samples,

The remaining slight bloating samples to which only 1’*‘:3203 was added,
11 and 25, were fired in a reducing atmosphere, They both bloated well,
The results are included in Table 4, Sample 11 was particularly inter-—
esting, Since it fell in the middle of the bloating area, see Figure 5,
at first 2% F9203 was added and the resulting bloating was poor, Upon
adding 5% F3203 , however, an excellent bloat resulted, If the theo-
retical percentage of Fe203 needed to bloat a sample 100% is calculated
assuming the Fe203 is reduced to Fe0 the percentege is 11,4%, Referring
to Table 3, sample 11 has a calculated Fe203 percentage of 7,9, when
this is added to the 5% Fe203 which produced the excellent bloat the
total percentage is 11,9 which is only 0,5% higher than the theoretical
percentage,

Sample 34 could not be brought into the bloatingz area by the addition
of flux alone, Nepheline Syenite whose theoretical analysis is 42,.8%
5105, 32,4% Alj03, and 24,87 Flux, was added to sample 34 alone with
F9203° Table 4 gives the percentages used, This mixture fell within
the bloating area, Upon firing this mixture to 1125°C, only poor
bloating resulted but the sample loocked as if it would bloat at a higher

temperature, This was not tried, however,
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Hematite was also added to samples 33 and 36, These samples bloated
with no admix during both the original firing tests, oxidizing as well
as reducing atmospheres, Therefore, it was of interest to see whether
Fe203 when added would Qffect the bloating, Table 4 contains the ver-
centages of Fe‘,zo3 added and the mixture!s new position on the triaxial,
Both samples bloated much better than they did with nothing added and
at a lower temperature,

Plates 4 and 5 are actual size photographs of some of thé bloated

samples before and after adding the Hematite,
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TABLE IV
Sample # 6 + 11% Fe203
Makes the fired analysis 65% Si0O,, 17% Al505, 18% Flux,
Excellent bloating when fired in a reducing atmosphere to 1135°C,
in 2 hours, This sample bloated well upon quick firing with no addi-

tive, see Table I,

Sample # 8A + 5,9% Fe203
Mekes the fired analysis 65% 5105, 18% ;1.1203 and 17% Flux,
Excellent bloating when fired in a reducing atmosphere to 1175°C,
in 3 hours, This sample bloated well upon quick firing with no addi-

tive, see Table I,

Sample # 10A + 5,99 F9203
Makes the fired analysis 65% SiOz, 18% Alx03, and 17% Flux,
Excellent bloating when fired in a reducing atmosphere to 1175°C,

in 3 hours,

Sample # 1). + 5% Fe,03
lakes the fired analysis 58,7% Si0,, 16,7% A1203, and 24 ,6% Flux,
Excellent bloating when fired in a reducing atmosphere to 1120°C,

in 3 hours,

Sample # 12 + 11,47 Fey03
Makes the fired analysis 613 5iUp, 19.5% Al,03 and 19.5% Flux.
Excellent bloating when fired in a reducing atmosphere to 1135°C,

in 2 hours,
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TABLE IV (Cont'd,)

Sample # 16B + 4,1% Fe203
Makes the fired analysis 59% Si0Op, 20,53 Alf03, and 20,5% Flux,
fxcellent bloating when fired in a reducing atmosphere to 1115°C,

in 2 hours,

Sample # 17 + 7.,8% Fe203
Mekes the fired analysis 657 5i0Oo, 18% Alp03 and 179 Flw:,
Zxcellent bloating when fired in a reducing atmosphere to 1115°C,

in 2 hours,

Sample # 25 + 6,75 Fe203
Makes the fired analysis 70% 5i0,, 11.55 A1203 and 18,5% Flux,
Good bloating when fired in a reducing atmosphere to 1130°C,

in 33 hours, specific gravity about 1,

Sample i 34 + 31,4% Nepheline Syenite + 5,7% Fezo3
Makes the fired analysis 60,9% 5i0p, 16,0% Alx03, and 23,1% Flux,
Poor bloating when fired in a reducing atmosphere to 1135°C, in
3 hours, Should be fired to a higher temperature but was not in this

work,

Sample # 33 + 3.4% Fey0U3
Makes the fired analysis 63% 5i0p, 14% A1x03 and 237 Flux,
Excellent bloating when fired in a reducing atmosphere to 1130°C,

in 3% hours, This sample bloated with nothing added, see Table I,



TABLE IV (Cont'd,)

Sample # 36 + 6,75 Fez03
Makes the fired analysis 75% 5i0,, 10, 5% Alx03, and 14.5% Flwe,
Good bloating when fired in a reducing atmosphere te 1175°C, in

3 hours, This sample bloated with nothing added, see Table I,

Nepheline Syenite  49,.8%
5105 L3 1%
Fe203 7ol%
Lamp black 45 added
Makes the fired analysis 65% 5i0p, 16,5% Al 03, and 18,5% Flux,
Fair bloating when fired in a reducing atmosphere te 1135°C, in

3 hours, would not float but was exceptionally hard,

Feldspar 96,7%
Fe203 3 ° 5%
Lamp black 3% added

Makes the fired analysis 62,5% Si0,, 17.5% 41505, end 208 Flux,
Good bloating when fired in a reducing atmosphere to 1115°C, in
3 hours, specific gravity less than 1, pore structure very uniform and

well separated,
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PLATE 4

6+11% Fe,O,

11+5%Fe O,
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PLATE 5

12 12+11.4%Fe203

16B 16B +4.1% Fe O,

17 17B +7.8% Fe 0,
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PLATE 6

93.6% Potassium feldspar
3.4% Fe O,
3.0% Lamp black

41.5% SiO,

47.9% Nepheline syenite
6.8% Fe O,

3.8% Lamp black
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ROTARY BATCH TYPE KILN

During the summer of 1953, the writer designed and built with the
help of W, T, Harper a batch type rotary kiln, This kiln is to be used
in further work on this project,

The kiln is 54 inches long with an outside diameter of 36 inches,
The firing chamber is 36 inches long and 13 inches in diameter,

It is friction driven by 4 rollers 6" long and 6" in diameter,
Power is supplied by a 1/3 hp, ratio motor, The drive is transmitted
from the ratio motor by chains and sprockets through a jack shaft,

The kiln can be made to rotate at different speeds by changing the
sprocket on the jack shaft,

The kiln is fired by an air-gas premixer burner and can easily
reach 1200°C, in L hours,

The kiln can be charged with approximately 100 pounds of raw clay,
Unfortunately, however, time did not permit the firing of any of the

samples,
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CONCLUSIONS AND SUMMARY

There are many excellent bloating shales occurring naturally in
Missouri, Of the 55 samples tested, eleven bloated sufficiently to be
used to produce lightweight aggregate practically regardless of firing
time and regardless of the kiln atmosphere, These samples were 34, 7,
10B, 20B and C, 23, 27, 33, 36, 37 and 38A, see Appendix A for their
locations, For the best bloating all of these samples should be fired
above 1200°C,

The remaining eleven of the naturally occurring good bloating samples
must be fired in a reducing atmosphere to produce a suitable blat, These
samples were 1, which is now being used commercially in the production
of "Haydite," 2, 3B, 4, 5, 6, 84, 15B, 24, 26 and 29, see Appendix A for
their locations, For the best bloating all but sample 2 should be fired
above 1200°C, for best results, Sample 2 bloats best at about 1150°C,
and is the only one of the 22 good bloating samples that should be fired
below 1200°C, Table I gives specific firing temperatures and conditions
for each of these samples,

The differential thermal analyses of some of these naturally good
bloating samples indicates that the oxidation of organic carbon is the
prime reason for bloating,

The addition of Hematite, in amounts over 55, produced good bloating
in all of the poor bloating samples to which it was added, provided the
A1203 - 85.02 - Flux percentages in the mixture placed it in or near the
(8)

'bloating area" defined by Riley , see Figure 1 or 5, The addition of

(8)Riley, OpP, Cito, Ps Se
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Hematite also improved the bloating of samples that bloated sufficiently
without an additive, The firing of a sample in which Hematite has been
added must take place in a reducing atmosphere, The temperatures to which
the se mixtures must be fired is about 100°C, lower than ‘he naturally
bloating samples, or in the 1100° to 1200°C, range, Poor bloating samples
104, 11, 12, 16B, 17 and 25, produced excellent bloats when hematite was
added, Table L4 gives the percentages used and specific firing data,
Synthetic bloating bodies were made up using Nepheline syenite,
silica, hematite and lamp black and potassium feldspar, hematite and
lamp black, The vercentages used and the firing data appears in Table 4,
This work indicates that bloating is caused in these samples by
reduction of Fe203 to FeC releasing oxygen that combines with organic

carbon forming CO and COp which is the bloating gas,
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APPENDIX A

Sample # 1

Section in clay pit at Carter-Waters Corporation, Haydite plant;
NWz SE: NW: sec, 14, T. 54 N,, R, 35 W,, Platte County, six-tenths

mile south of New Market on east side of U, S, Highway 71,

Thickness
Feet Inches
Pemnsylvanian System
Missourian Series
Peedee group
Jatan formation
2, Limestone, blue-gray = = = = = = = 8

Weston formation
(Spl, #1) 1, Shale, medium gray, weathers to
light gray, hard where fresh;
contains scattered fragments of

clam shells, forms steep slope - = 30

Note: Description according to Greene and Howe,



Sample # 2
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Section in clay pit at United Brick and Tile Company plant,

SEt sec, 5, T, 44 N,, R, 31 W,, Cass County, about one mile southwest

from Harrisonville,

Thickness

Feet
Pennsylvanian System
Missourian Series
Pleasanton group
Exline limestone
6, Limestone, and calcareous shale;
limestone earthy, slabby; bed
contains Euphenrites, Trepospira,

Crurithyris, Marginifera splendens - O

Unnamed coal

5. Coal, streak = = = = = = = = = = = ~
Unnamed clay
L4, Clay (underclay) = = = = = = = = = = 13

Hepler sandstone
3. Sandstone, impure and calcareous,
and impure nodular limestone;
limestone is marine and forms
ledge; limestone locally conglom-
eratic, containing fragments of
coal and silicified wood = = = = = = Q=3

2, Sandstone, shaly = = = = = = - - - = 5=6

Inches

4=10



Desmoinesian Series
Marmaton group
Holderville formation
(Spl, # 2) 1, Shale, sandy and silty; sand
occurs as varve-=like stringers in
upper part; entire unit used in

manufacture of building brick = = = - 35

Note: Description of section according to Howe, W, B,
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Sample # 3A, 3B, 3C, 3D, 3E
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Section in pit of Crowe Coal Company, center of North line NWi

sec, 12, T, 42 N,y R, 27 W,, Henry County, about six miles northwest

of Clinton,
Thickness
Feet Inches
Pleistocene System
Loess
(Spl, # 3E) 12, Clay, sandy in basal 4 feet;
mottled brown and gray = - = = = = p A
Pennsylvanian System
Desmoinesian Series
Cherokee group
Unnamed shale
(sSpl, # 3D) 11, Shale, drab or buff "soapstone,"
contains clay-ironstone and
secondary joint deposits of
lime = = = - = =2 e e e = - - - - 8
Unnamed beds
10, Limestong = = = - = = = = =« = = = = 0 0-10
9e €0l = - == c e e e e e - 0 4=10
8, Shale and underclay, limey
at base; 2i-3 feet trus under-
Clay === = =0 m e - - -~ - LE

(Spl., # 3C) 8, Shale, light gray "soapstone,"

subconcoidal fracture; weathered



(spl, # 3B)

(Spl, # 3A)

Note:

Se

1.

contains clay-ironstone concre-
tions, also secondary gypsum = =
Shale, "slate," dark, phosphatic
and clay-ironstone concretions
and streaks, possibly limey,
marine fossils at base; pyrite
masses in lower part = = = = - -
Coal, blocky, bright = - - = = =
Shale, "slate," black, slicken-

sided in upper part, no concre-

Limestone, hard, gray (Tebo cap
POCK) = wo oo i o v e o

Shale, "slate," black, limey,

somewhat fissile, with phosphatic

concretions = = = = = = = = = =

Coal, (Tebo) = = = = = = = = =~ <

Description according to Searight and Howe,
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Sample # 4

Section in pit of Johnson Coal Company, MWt sec, 7, T, 4ON,, R,

26W,, Henry County, about four miles west and north from Deepwater,

Thickness
Feet Inches
Pleistocene System (%)
30 Clay -------------- 6:

Pemnsylvanian System
Desmoinesian Series
Cherokee group
Unnamed shale
(Spl, # 4) 2, Shale, dark gray; thin clay-iron-
stone bands and nodules scattered
throughout; upper 10 feet sandy - - 22%

1, Coal (Jordan) = = = = = = = = = = = 0 30 (Av,)
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Sample # 5

Section in pit of Mackie-Clemens Coal Company, on west line and
2500 feet north of south line of sec, 19, T, 33 N,, R, 33 W,, Barton

County, Missouri, about three miles north of Mulberry, Kansas,

Thickness
Feet Inches
Pleistocene System (%)
7« Clay, yelloW = = = = = = = = = = 3=4 (Av,)

Pennsylvanian Systen
Desmoinesian Series
Cherokee group
Unnamed shale
6., Shale, light gray to black waxy - 3%
5, Coal (Pilot Coal = = = = = = = = 0 8
4, Clay, underclay, blocky, gray
to gray-green - - == - - -~ 3y
(spl, # 5) 3, Shale (?) very dense, greenish-
Gray == == === ===-=- - 1-3
2, Shale, medium gray, silty = = - = 1t

1, Coal (Weir-Pittsburg) = = = - - - 2 6
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Sample # 6

Section in bluff face on west side of Little North Fork Creek, SW
corner sec, 12, T, 30 N,, R, 33 W,, Barton County, about thirteen miles

west of Jasper, (Section taken in part from Searight),.

Thickness
Feet Inches
7. Soil cover containing frag-
mental sandstone, cobble to
boulder size = = = = = = = = = = 6
Pennsylvanian System
Desmoinesian Series
Cherokee group
6, Coal (smtt) = == == == = = = 0 3

5. ©Shale, black to dark gray, with
siderite bands, poorly exposed - 16
L4, TLimestone, dark, many fragmented
fossils; hard, gray dense masses
in upper part, to 2 feet in di-
ameter with cone-in-cone = = = = 1 6
3, Coal (Rowe) hard, blocky = = - = 0 10
2. Clay, underclay, light gray, buff
mattled, hard silty, some stig-
(Spl, # 6) Maria = = = = = = = = = =« = = = = 3
1, Shale, lower 4 feet black, hard,

medium to dark gray above = = = - 15
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Sample # 7

Section <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>