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Shale pﬁrticle size from 10 meshto 1l inch.

TABLE IV

Bloating Tests

Processed in covered fire clay crucibles after pre-heatingat 1100°F. for

3 hours. (a) time required to regain temperature in furnace after introducing the crucibles.
(b) time held at bloating temperature. '
Lab. Bloated Duration Average Average Average
No. at °F. (a) (b) Apparent Porosity Absorption Comments
minutes Density % by vol. % by wt.

HSQ &/ 10111 2100 12 8 1.99 6.8 3.4 light brown: some slight evidence of bloating.
)\qﬂ“ 2150 10 8 2.00 3.5 1.6 drab brown: some slight evidence of bloating.
11°$c’ 2200 8 12 1.76 5.2 2.9 light drab; slight evidence of bloating.

10112 2100 17 13 1.65 3.9 2.3 red. brown: fair bloat
2200 5 15 1.81 20.3 11.3 drab brown: most pieces bloated.
2300 - 15 - 1.31 4.8 3.6 some cream color; slight expansion and bloat.
—
™
10113 2100 1 8 1.66 12.2 7.4 red. brown: most pieces bloated.
2200 10 8 1.67 7.8 4.7 drab brown: most pieces bloated.
2300 4 8 1.48 9.2 6.2 deep dark brown: most pieces bloated.
10114 2100 7 15 2.29 1.8 0.8 brown: very little bloat.
2200 9 15 1.78 0.0 0.0 dark brown: no evidence of bloating.
2300 10 15 1.66 2.9 1.7 dark brown: some bloated pieces.
e
§>“w{10115 © 2100 1 8 1.99 2.2 1.1 red. brown: very little bloat.
YA oy, 2200 7 8 1.03 5.3 5.1 choc. brown: fine cellular bloated product.
\7b° 2300 11 4 1.04 10.0 9.6 dark choc. brown: glassy; large cells; over-bloated.
10116 2100 7 ' 8 1.43 16.4 11.5 red. brown: most pieces bloated.
2200 10 8 1.22 16.3 13.4 brown: thick coated, cellular bloat.
2300 4 8 1.19 28.7 24.0 dark brown: most pieces bloated.
10117 2100 7 8 1.45 21.4 14.8 red. brown: most pieces bloated.
2200 10 | 8 0.98 27.6 28.1 drab brown: bloated.
2300 -15 - 1.23 23.6 19.2 drab: spongy bloat.
TABLE V
Bloating Tests
Pre-heat at 230°F. vs Pre-heat at 1100°F.
Lab. Pre-heated Bloated Duration Average Average Average
No. at °F at °F in minutes Apparent Porosity Absorption Comments
(x) ) (a) (b) Dénsity % by vol. % by wt.
10111 230 - - 2ogqé; 10 15 1.41 21.8 15.4 Yellowish color; few swollen pieces.
tego -
i 239”/,11q0 2000 10 15 2.07 10.2 4.9 Light brown: very little bloat.
{796 e -
- 230 - - 2100 10 15 1.12 20.0 20.3 Lt. brown: coated cellular product.
3 / o't '
230 1100 2100 10 15 2.33 6.0 2.6 Few pieces slightly swollen.
i 230 - - 2200? 10 i5 1.00 2.0 2.0 Cellular product, partly sintered.
| Jaee”
% 230 1100 2200 10 15 2.15 5.1 2.4 Dark brown: very little bloat.
230 - - 233? 10 15 0.81 26.7 33.0 Cellular, mostly over-bloated.
1ol
230 1100 2300 10 15 1.52 9.4 6.2 Few pieces swollen slightly.

Note: (x) pre-heated at 230°F, for 18 hours.

(y) same plus 3 hours additional at 1100°F.

(a) time required to regain temperature drop.
(b) time at temperature after regaining
temperature drop when charging furnace.
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TABLE VI

Effect of Time on Character of the Bloat

Lab. Pre-heated Bloated Duration Average Average Average

Copments

No. at °F. at °F, in minutes Apparent Porosity Absorption
Density % by vol.% by wt.
10116 1100 2100 . 15 2.43 13.6 5.6  Unsatisfactory bloat; porous.
1100 2100 . 30 2.49 4.0 1.6 Unsatisfactory bloat; less porous.

2100 15 1.19 24.0 - 28.7 Drab brown: coated, cellular; not sealed.

2100 30’ 1.11 5.0 4.5 Lt. red. brown: coated, cellular; sealed.
Shale sized to 6 mesh to 1 inch.

TABLE VII

Bloating Tests

Lab. Bloated_ Duration Average Average Average Apparent Density
No. at °F. (a) (b) Apparent Porosity Absorption Individual Pieces Comments
. Density &% by vol. % by wt. 1) (2 (@3)

V1011 21000 157 10 1.33 6.1 4.6 1.74 1.18 0.85 Coated and tight seal.
10112 2100* 15 10 1.41 3.9 2.3 1.99 1.38 0.76 Coated and tight seal.
10113 2100* 15 10 1.54 22.8 14.7 1.57 1.43 1;18 Coated but not:sealed.
10114 -2100* 15 10 1.00 3.3 3.2 1.67 1.02 0:69 Coated and partly sealed

10115 2100* 15 10 0.85 24.6 26.9 0.96 0.86 0.56 Sinter; requiréd crushing.
10116 2100* 15 10 1.24 21.3 17.3 1.92 0.95 0.91 Coated but not sealed.

1~ 10111 2200* 15 10 0.80 7.7 9.2 0.78 0.81 063 Coated'hnd partly sealed.
10112 2200* 15 10 1.10 4.3 3.8 0.94 0.98 2:77 Coated and sealed. .

10113 2200* 15 10 0.77 18.4 20.1 0.75 0.77 0.81 Sinter: cellular; crushed.
10114 2200° 15 10 0.97 7.1 9.4 0.80 1.14 0.92 Coated; partly sealed.
=~10115 2200° 15 10 0.58 7.8 12.5 0.69 0.59 0.56 Sinter; cellular; crushed.

10116 2200* 15 10 0.71 10.9 15.0 0.87 0.72 0.:70 Sinter; cellular; crushed.
10117 2200* 15 10 0.95 12.3 12.4 0.58 0.78° 1.11 Coated but not sealed.
10114 22004 15 10 0.78 4.4 5.7 - - - Coated and sealed.
10117 2100 5 10% 1.21 20.5 16.9 0.43 - - Coated but not sealed.
Note: (a) time required to regain temperature drop.

(b) time at bloating temperature after regaining drop.

(*) processed in fire clay crucible.

)
(2)

processed on open hearth.

At expiration of bloating time the furnace was opened and plugs removed to hastem cooling.

Furnace

temperature dropped to 1800°F. in 5 minutes; to 1620°F. in 10 minutes; to 1500°F. in 15 minutes; and
to 1000°F. in 1 hour.


murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641

murr9641


FIGURE 1

BLOATING TESTS

'|IIII! 15 MIN.
. EXPOSURE AT

’ r 2100°F,

y 15 MIN,
' EXPOSURE AT

> 2000°F.

. ! 15 MIN.
- EXPOSURE AT

’ 1900°¢,

<‘ PROGRESSIVELY
: P230° 50" TB30er,

% BLANK
sawpLe T o .
NUMBER 10111 10112 10113 10114 10115 10116 10117
SHALE AIR DRIED, CRUSHED AND PULVERIZED. PORTIONS MIXED WITH 30% WATER
BY WEIGHT, CAST IN MOLD, AIR DRIED AND OVEN DRIED AT 230°F.
FIGURE 2 FIGURE 3
SHALE
BEFORE
BLOATING
AFTER
BLOATING

SINTER-TYPE AGGREGATE, COATED AGGREGATE,
1/2 ACTUAL SIZE 3/10 ACTUAL SI1ZE
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Bloating Properties of Shale
in the

Hilltop Formation in Seminole County
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.98, PROCEEDINGS OF THE ‘OKLAHOMA- -

Reprint.. from Proceedings of the Oklahoma Acadeniy- of - Rcience
© Volume 35-—1954"

Bloating Properties of Shale in the ‘Hilltop
Formation in Seminole County
ALBERT L. BURWELL!

'The manufactire of lightweight aggregate for concrete from clays- and
shales has become within the past few years an important mdustry with large

capital ‘investment. About two years ago the Oklahoma -Geological Survey-

started an investigation of certain Oklahoma shales of - Pennsylvaman ‘dge
to determine their suitability as raw material for such use. The work was
completed and the results published as Mineral Report No. 24. Since that
time shale from another formation, the Hilltop, and from- the quarry of the
Wewoka Brick & Tile Co., in the southwest quarter of section II, Townshlp 8.
N, Range 7 K., in Seminole County has been tested in a manner -similar. to
wthat used and reported in Mineral Report No. 24 but with slight modifica
tions.

The Hilltop formation in Seminole County was the subject of a geo-
logic investigation by William F. Tanner. His findings were published in tlie
Bulletin of the American Association of Petroleum Geologists:2 A measured
sectiéon in the Wewoka Brick & Tile Co. quarry is described. “Fhe material
used in the tests of the bloating properties was “run-of-mine” stone supphed
by that company. The lump shale was run through a jaw crusher, reducmg
the stone to' minus 14 inch sieve*. It was then screend- for size and. the
miaterial that passed the 14 inch sieve but was retained on the No. 6, bemg
Somewhat less than pea size, was selected for the trlals A portion was’ pul-
verized for chemical analysis. The analysis shows the material to contain:

[ —

‘1 Industrial . Chemist, Okla.homa Geological Survey Publlcation authorized - by the Dl-
rector.
-7 %14 inch a.nd Y% tnch sleves, U. 8. Standard, Coarse Serles,  No, 6 sieve, U. 8. Sta.pdard

v

Fine Serles.

ACADEMY' OF- SCIENCE FOR ‘1954 99
~CHEMICAT, ANATYSIS OF SHALE IN HILLTOP FORMATION

Lot 1003 7

:Seminole County .

K:0 245
Naz0 . ... 0.39.
Z{Oz - . 0,07
V:0s . 0.30
BaO ... None

LOI . 5.65
. above 110°C. 7’?7"
TOTAL OXIDES———IOO 65 ‘ [

TESTING PROCEDURE

A portion sufficient to nearly fill was placed in each of seven fire- clay
cruables (Denver ~ Fireclay Co. 100 ml. capacity). All seven crucibles
were then placed in an oven and dried at 110°C. for 24 hours. One crucible
was put into an -electrically-heated furnace and the temperature raised

»gradually to '1150°C. and iaintained at this temperature for one and one-

half ‘hours, then removed-and allowed to cool. Two crucibles received no
further treatment. Two othérs were subjected to a temperature of 400°C. for

-one hour. The remaining two were heated at 600°C. for one hour. After

cooling in"a desiccator the loss in weight was determined.

Loss from room temperature to 110°C. - 1.98%
Loss between 110° and 400°C. - 2.02%
Loss between 400°and 600°C. 1 261%
Loss between 600° and 1150° C.. - 1.02%

The loss Is principally. water ~combined in the clay minerals. However,
probably. some organic matter was destroyed as well as some oxygen absorbed.
The ¢hange .from ferrous iron to ferric iron could account for 017% gain in
welght

The bloating characteristics of the shale were determined as follows:
Three - crucibles,—one that had been dried at 110°C. only, one that had also
been ‘heated to’ 400°C., and one that had been heated at 600°C.—were in-
troduced qu1ck1y into-a furnace in which a temperature of 1150°C. had already
been attained. The temperature in the furnace dropped approximately 120°C.

but regained the loss within. 10 minutes. An additional 15 minutes -heat at -

1150°C. was maintained, then the cruc1bles weére withdrawn as quickly as
possmle,ﬂ and.allowed to cool.

Another. series of ‘three crucibles, similar in all respects to the pre-
vigus ‘series, were quickly introduced into a furnace in which a temperature

‘of 1210°C. had already been attained. The temperature dropped approximately

120°. and regained 1210° in 10 minutes. After holding at this temperature for
an: additional 15 minutes, the crucibles were quickly removed and. allowed
to cool.

- The products from- all seven cruycibles were examined and tested to de-
termine ‘density, absorption, and’ porosity. The true absorption values were
found by placing a weighed. amount of the product in a wire—-screen cage,

.submergmg the cage and contents in water, bringing to a boil, mamtammg
at a boil for 1 hour, allowing to cool submerged draining thoroughly, and- -

detected co, -

060
7
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102 PROCEEDINGS OF: THE OKEAHOMA

welghmg The absorptmn obtained by 1mmersmg in ‘éold water for 1 hour was-
algo -found. The water displaced by.the thoroughly saturated- granules ‘was
measured: and the- weight of.the granules in water -was taken. From  the
information obtained,. calculatrons were m#de of bulk density, apparent den-
sity, absorptlon, and poros1ty The results are given in Table 1, and- shown
graphically in Figure 1.

'CONCLUSIONS

It is ev1dent that increase in the temperature of pre-heating decreases
the bloat; which is: to say that the lower the amount of combined water
in the raw material the less gas is formed and consequently a smaller
‘bloat is obtained, other ‘factors being constant. The only apparent advantage
to be derived from -pre- -heating lies in the greater strength of the product:
Even in the cases where the greater strengthi is desired, it can be best obtamed
by pre-heating at 400°C. or less

: ‘Bloating at,-the h1gher temperature where the mass is ‘more thermo-
plast1c makes better use of the available water for expansion, but’ the pro-
‘duct "of most clays Wlll be more fragile.

L Examrnatron of the. products shows occasional granules of light gray.
color which .are identified as pieces of partially calcined limestone. These
‘particles are highly argillaceous and contain considerable unaltered carbonate:
Tanner had reported the presence -of limestone nodules and -thin- layers in
his publ1cat1on on the Hilltop formation. What. influence, if any, these limey
partlcles ‘would _have on concrete, either before or after the “set”,. should.
be investigated.

REVIEW

From. the results in thése tests 1t appears poss1b1e that a superior pro-
duct mlght be obtained by using a bloating temperature slightly in ‘excess of
1150 C. but with. a sherter .exposure than' 15 minutes. Therefore, a tr1a1
was made using oven -dried granules, but introducing the raw matenal onto‘
an open hearth’ rather than a crucible. This procedure ghould. y1e1d results
more nearly comparable with those which would be obtained if the process—
ing were ‘done ‘in 'a rotary kiln.

The dr1ed granules ‘were, qulckly introduced ‘into the furnace wherein &
temperature of 1230°C. had been attamed The temperature’ dropped: to. 1150°
but in 5 m.mutes t1me it was at 1160°C., wherenpon -the product was .quickly
Wrthdrawn ‘from. the. furnace and allowed to cool. ‘The expanded granules
“were olive:drab in’ color. The éxterior of the granules was smooth and there
-had been only slight adhesion of particle to particle. The interior was cellular.
'The propertles of th1s product are shown as Test Ne. VIII in Table 1.

Other than the presence of.a ‘small: amount of’ limestone, whlch might
be ‘eliminated by sélective quarrymg, the Hilltop shale from this particular
‘location appears to offer commercial possibilities as a source of raw materra]
for the manufacture of lightweight aggrevate
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