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L Preface _

_In 1949, the Mines Branch undertook an investiga-
tion to_loqatg sources of clay and shale in Canada that
would be sg@ﬁgble for use in the production of lightweight
concrete aggregate.

~ In the field work that followed, samples weighing
from 5 to lO_pounds were collected from what are considered
to be the_@qgﬁﬂ@mportant known deposits within marketable dis-
tance of”well-populated areas., The samples were taken by
trenching so as to obtain a true average of the deposit.

The results of the work in Alberta have been
published as Part I in the Memorandum Series No. 117, in
Manitoba and Saskatchewan as Part II in Memorandum Series No.
120, and‘ipJOntario as Part III in Memorandum Series No. 121.
Further figld work is necessary to complete the surveys of
the Provinces of Quebec, British Columbia and Newfoundland.

The field work for the present report was done
-during the~summer of 1951 and the laboratory work during tﬁe
following winter.,

The_aim of the 1§boratory work in connection with
this and»the other reports has been to produce the highest
grade of_aggregate, namely a coated aggregate, at the lowest
cost by using_the raw materials in their natural state. 1In
view of the ﬁumber of samples covered and the limited amounts
of each,'no_work has been done on the suitability of the
materials for the production of sinter aggregates either in

the rotary kiln or sintering machine,



It should be noted, however, that many of the materials
classed in the reports as being unsuited for coated aggregate
manufacture might be found very satisfactory for the production
of sinter aggregate. TFor anyone considering such production
the work covered in these reports on raw materials for coated
aggregatg manpfacture will at least eliminate the decidedly
unfavourable materials and will indicate those upon which further
work should be done.

The Branch wishes to thank J. Vandenbroeck, d Cavanaugh,
- and:H. Lowe, duputy mine inspectors at Minto; N. B., Glace Bay,
N. S., and. New Glasgow, N. S., who gave valued assistance in the
collection of shale samples from coal mines in their respective
areas. Reports and maps of The Geological Survey of Canada were

of great assistance in locating outcrops.

John Convey,
Director, Mines Branch.



COATED LIGHTWEIGHT CONCRETE AGGREGATE
FROM CANADIAN CLAYS AND SHALES

PART TIT

' JoGo Matthaws
Industrial Minerals Diwvision

INTRODUGTION

Definition of Lightweight Aggragate

‘ A lighfweight aggragate ﬁay be defined ag an aggregairion of fine
and, coarsa particles of a meharial which because of its light weighbt, strenghh,
low abgorption, and chemizal stabilibty, can be mixed with cement to form a
conerete of pre.determined ehafaeteristicso Coated lightwelight aggregate hag a
thin, hawd, smooth, outer she:r., or coat which gives the aggrégate improvaed

propertisg of high strength, low absorption, and good workability.

Shalés namely, coated type aggregaie, and sinter type ageregate.

The first type is mads by rapid firing in a robary kilu. Gases
releaged from within the clay or’shale during the pyroplastic condition cause
it o expand into light, cellular particles. The particles are usually well
rounded due partly 4o the bloating astion and partly to the tumbling taking
place in the kiin. Ths quantity and quality of the fluxes in the shale allow
this expansion or bloating to take place at a temparaturetbelow that at which
the particles beecome sticky so that the product is discharged from the kiln
in individual, coated particles., An ideally coated aggregete requires no

crushing after firing to supply the required grade sizes.
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Sinter type aggregate may be made in either the rotary kiln or
gintering machine, The rotary kiln process for broducing a sinter type
aggregate differs from that for coated aggregate in that the product is conshal
%0 supply the required grade sizes., Due ﬁo the quanbity and gquality of the fluzes
present this material caunot be fired with sufficient expaﬁsion balow the
semperature abt which sticking occursg, and as a result the individual particles
agglomerate and ave discharged as clinker, The sinter aggregaie producad Oun
bhe sinﬁerimg machine, except for being harsher; is gimilar to the siubaew
product £rom the rotary kilan. The raw material for the sinbering machiae
peocegs is finely ground and mixed with a pulverized fuel, pelletized, plased
on 8 htravelling grabe, and ignited. A lightweight product is formed by bloabe
ing oxr sintering or by a coﬁbination of both depending upon the raw mabterial
The sintering machine type product may be made from a greater variety of paw
maberials than the rotary kiln sinter and coated types.

Degirable Proparties of a Lightwelght Aggregakbe

aggregahe must be capable of giving a product possessing the following

desirable properties.

(2) High Strength o Weight Ratio

| Tha produch mash be'iight to effeect a worthwhile saving in weilght
and at the same time be strong enough ﬁo meet shrength spe¢ifi%ations@' Varia-
piong in both the gtrength and weight may be effected by modifying vhe nrocessing
sechnigue. As the strength of a produet is increased, the welght is also
increased and vice versa. Because of their strong shell and spherical nature,
coated lightweight aggregate particleg tend to give a product with a higher
strengbh &0 weight ratio than other types. The actual maximum weights
specified for a properly graded aggregate under A.S.T.M. specifications,
designation €130-42 ave 75 lb./cu.ft. for the fine aggregate and 55 1b./cu.

f5. for the coarse aggregate.




(b) Good Workability

The smooth, spherical nature of coated clay and shale aggregate parhbicles
promotes good workability whereas aggregate particles with sharp corners make a
harsh concrete mix that is difficult to work around reinforcing bars, tending

to give a honeycomb structurs.

(¢} Low Absorption

N An aggregate with a high water abgorption, unless it has been pre-soaked,
tends to dehydrate the cement which has a harmful effect on the setting of the
concrete. Coated aggregates génerally have a lower abgorption than other
aggregates because of the coating covering the eelluiar interioro

|
(d) Uniform Size Gradation

The product ﬁﬁst be camposed of aggregate particles of a range of
sizes with sufficient fine material to permit working the mix around forms
and reinforeing bars. The grading prescribed may be referred to under ALSoTaMo
gpecifications, degignation Cl30=42,

{e) OChemical Inertness

A lightweight aggregate should not contain chemical impurities which

might react with the cament or reinforveing materials with deleterious effects.

TEST METHODS

The equipment uged for the 1abor§tory avaluation of clays and shales
for lightwelight aggregate consisted of a émall jaw erusher, scresns, a gas=
fired stationary furnacé {capable of up to 2700°F), a drying oven, a 5™ x 5%
gas-fired rotary kiln, a bulk density container; é balance gensitive té ona#
gram, and crushing strength apparatus.

Preparatory to testing, all samples were reduced in size to =1/2%% 1/L%,
Samples that were not coarge enough or were too goft to stand crushing weié )

pelletized in a small cement mixer, dried, and screened to the above size

range. Because of the shortness of the rotary kiln, all samples were dried
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overnight in an oven maintained at 100°C to drive off the mechanically held
moisture and thus prevent decrepitation when subjected to rapid heat.

Stationary Furnace Tests

1

Sméll amounts 6f sach sample were tested first in the stationary
furnace at various temperatures and heating times. These tests facilitated
the elimination of materials obviously not suited for coated aggregate
manufacture and the geleetion of the mogt promising ones for testiﬁg in
the rotary kiln.

By firing the materials at various retention times and temperatures
it is possible to predict the relative length of vitrification range of each
material and to observe the relative amount of bloating. If a matenial shows
little surface fusion with a dull appearance when well bloated, indications
are favourable for trial in the rotary kiln. On the other hand if, on
increasing the temperaturs and firing time, the material is not bloated
until the surface shows a high degree of fhsion (glassy appearance) indica-=
tions are that it has a short vitrification range, and will give sticking
and agglomerating trouble in the rotary gilno Materials with a very narrow
vitrification range are thus eliminated %rom further testing but matenrials
having intermediate properties in this regpect must be tested in the rotary
kiln before any conelusions can be drawn.

Stationary furnace tests pemit the screening out of materials
that. are poor bloaters and those that are, for economical reasons, oo
refractory. For the purposes of this investigation all materials that falled
to show any bloating when fired in the stationary furnace at 2400°F for five
minutes, were classed as too refractory.

These tests also facilitate the elimination of materials that are
extremely non-uniform in composition. Many materials, espeeially those

laid down under shallow water conditions contain varying amouﬁts of the
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fluxes or refractory consﬁituentso In coal mine shales, a frequent cause
of non-uniformity is the varying amounts of free carbon., Depending upon
their extent these variafiéns may mean the elimination of ﬁhe material as
a possible raw maherial.

Upon completion of the stationary furnace tests, the matemials
gelectad for the rotary kiln teshs were thoge thal had good bloating pLo-

perties with a reasonably good vitrification range, were pot t00 refractory,

and, showad reasgsonsble uniformisy.

Rotary Kilo Tests

| -The salected dried materials were pr@cessedéin a B“ x AV gas-fived,
rotary kilnm. Although the kiln had vaviable pitch and speeét9 ali materials
were pr@eas#ed under the same restention time conditions to give a total
retention time of about six minutes. The tampevabure for saech run was kept
as c¢lose as pogsible 4o the maximumﬁtemparature parmigsible for each material
without having agglomeration of the charge. in generalg this is the temperaturs
at which a commexcial kilu producing coated aggregate would operate. It is
possible to produce the same result at a lower temperature with an incfeased
retention time but only at a great sacrifice in the volume of material
handled.,

Tt should not be assumed that the products made in the 5" x 5¢

'
! .

rotary kiln in this investigation are the best obtainable. In view of.the
number of samples covered and the limited amount of each it was impossgible
to experiment with each sample to determine the best 0perating conditiong,
The small secale rotary kiln tests carried on in thig investigation merely
indicated which matexials have the best possibilities for coamercial wobary
kiln ¢oated aggregats.

The determining fachor in whebher a good bloating material is

suited for coated aggregate mammfaciture or not is the degree of sticking
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and agglomeration of the particles when bloating. This property can be
determined quite satisfactorily in the small kiln.

As a result of the stationary furnace and rotary kiln tests the
materials were classified into five groups which are shown in the summary
tables for New Brunswick and Nova Scotia on pages 20 and 33A respectively.
These classifications arevas follows:

1. Materials considered suitable f'or coated aggregate production.

2. Materials which are good bloaters but which are not considered

suitable for coated aggregate production because of their
relatively narrow vitrification ranges and resultant sticking
and agglomerating characteristics.

3. Materials which are poor bloaters,

4. Materials which are too refractory.

5. Materials which are non-uniform and which are a combination

of two or more of the above classifications.

For anyone interested in the production of sinter aggregate in the
rotary kiln the logical materials for experimental work, of those collected,
would be those listed in groups 1 and 2 above. Since a high bloating
material is not desirable for sintering machine treatment, the possible raw
materials for this type of aggregate are those listed in group 3 above.

In connection with the materials classified in tablé form as having
good possibilities for coated aggregate manufacture, it should be remembered
that this classification is based only on the quality of product. Other
facts that are of decided economic importance such as amount of material
available, nearness to market, and availability of fuel are aiscussed, if

known, under the test results for each material.
It must also be kept in mind that this investigation is concerned
only with the use of materials in their natural state, It is guite possible

that chemical beneficiation would convert some of the unsuitable into suitable
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materials, Again, many materials classed as too non-uniform might prove
quite suitable if finely ground and pelletized before firingo Both possi-
bilities, of course, would increase the cost of production.

Determination of Physical Properties

i

Three physical properties of the aggregate were measured, namely
the bulk density, the crushing strength, and the volume expansion.

The bulk density was determinsd in a machined metal container of
1/30 cubic foot capacity on the product crushed to =3/8 inch + 8 mesh.

The standard jigeging pioceduie ag gpecified in A.S.T.M. designation €29-42
was followed. This size range (=3/8 inch + 8 mesh) approximates’that
specified in A.S.T.M. specificaﬁionsﬂ designation €130=42, and should have
a bulk density value of less than 55 lb./cu. ft. to be acceptabls, |

The test used to determine the crushing strength, was patterned
on that carried out in other laboratories. The apparatus consisted of a
steel cylinder, 2 inches ingide diameter; and 6 inches deep; into which the
aggregate crushed to =3/8 inch + 8 mesh was poured without any tamping, to
a depth of 4 1/2 inches. A steel plunger;.l 31/32 inches in diameter; was
ugsed to apply pregsure to the aggregabe in a Carver Hydraulic Pregs and the
amount necesgary to give a compaction of 1 inch was noted, This was then
éonverted to 1b./sq. inch.

The true value of this test has not been determined. It should,
however, provide a rough method of rating a product if the result is con-
sidered along with the weight of the produet. Since weight and strength
vary directly, the crushing strength:to-weight ratio gives a better method
) of evaluation, _

The volume expansion of the broduct was determined simply by
measuring the volume of the feed before firing, and the product after firving,

and by calculating the percentagse increase. The volume expansion of a material



- 8 =

affects the economy of the operation because the higher the volume expansion
the less the amount of feed material required to give the same volume of
product.
It should be kept in mind that the mere expansion of a clay ox

shale does not necessarily mean that it will make a good concrete aggregate.
Considerable test work must be done on any one material to determine the
maximum allowable expansion necsessary to‘give a product of the reguired
strength. Neither is there any substitute for actual concrete tests in

svaluating the product.

RETLATION OF CHEMICAI. PROPERTIES TO THE BLOATING OF CLAYS AND SHALES

Review of Previous Work

T.E. Jackson(l) consi@ered it possible that bloating of clays might
be due to the evolution Of oxygen as the ferric oxide passed into the
ferrous oxide on combination with the silicates.

Orton and Staleyﬁz) thought that if Jackson'®s theory were correct
all bloating c¢lays would contain ferric oxide and should, therefore, bloat
at the same temperature. They found, however, that clays bloated at
different temperatures, and moreover, that many clays which contained imon,
did not bloat. They considered the cause of gas evolution to be chiefly
the dissociation of sulphides and sulphates by silicic acid which becomes
inereasingly active as the temperature rises and appropriates the bases
formerly combined with the sulphur. They congidered that the sulphur
came oub Of solution as sulphur dioxide and that this gas was responsible
for the bloating. They also recognized that sulphur did not oxidize to
sulphur dioxide and escape until after the carbon had been oxidized. In
many cases, especially if the firing was rapid, by the time the carbon was

oxidized the clay had become t00 dense to allow the sulphur dioxide to escape




and bloating resulted, They treated bloating as an undesirable quallty
and conecluded that it could be aveided by applying a deliberate and
complete oxidation treatment while the clay remained parong to removse
the carbon and sulphur.

Wilson(a) constidared that the gases whish caused bloating whan

tha clay or shale had reached the vitrified condition might have congisted
of entrapped air, steam, sulphur dioxide and trioxide; earbop dioxids or
monoxide, oxygen or hydrocarbong, shgorbed during firing. He breatad
bloativg as an undaesirable quality of some elays and shales, and observed
that it took place Lo a greater degres in the fine-grained. dense materialg.
He regarded expaunsion, caused hy eatirapped gases in a semi-viscons body;

as due to two causes:

1o Improper oxidation regulting from insufficient heating
time at temperatures below the vitrification range, where the gases
wexre chiefly formed fxom the carbon, sulphur. and carbonates.

2o Decomposition of contained maiterial during and above the
vitrifieatioﬁ temparature, the mogh common mahacial being caleium
sulphate which produced sulplur dioxide or Ltrioxids.

Bleininger and Montgam@rvié) shated that if at any time the
evolution of gaseous matter wag rapid enough to produce praessure within
the clay. then bleating was certain to take place, and a vesieular
structure would be fommed. They recognized that both the physical cone
sbitution of the elay, that is, compasiness and fine grain, as well as
the mode of shaping, weve of as great, if not greater, importance than
the amount of congtituents pressnt which fomm gases.

The United Stakeg Emergancy Flaeat Gorpmration(5) which developsad
lightwaight aggregate during WQrLd War X for use in the'eanthu@tion of

conereta ghips found that the clay or ghale ghould be xriech in compounds Oﬁ-
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metallic oxides, carbon, sulphur, godium, potassium, or other equivalent
compounds, some of which, when the material is subjected to heat, will
elther act as a flux or give off gaso.

Experiments by Ja@kson(é) showad that not all the sulphur was
avolrsed at low temperstures but that complex compouuds of sulphur, such as
"Parrons sulphoegilicate® were fomad. Jackson obsarved that sulphur ig
not retained at high temperatures without the presence of iron oxide la the
clay. He believed that the bloating of clay was due to sulphur but avly
that sulphur retained at high tempseratures in the complex compouonds with
iron and siliea.

Sullivan, Ausbtin and Rogerﬁ(v) when experimenting with making exe
panded clay building units found that, for most clays, best regulis ware
obbainaed when the ki@n atmogphare wag slighply on the reducing side, They
algo found that in.general, high lime clays had a short bloating rangs and
low lime elays, a loager 909 |

Austin; Runes and Sullivanﬁg) heated various clays in a tubs furnase
and determined quantitabively the gaées evblved during bloasing. They also
det<rmined the effectg on bloating of variasions in heating xates; vaha of
airx flow, aacd the atmogphera. These investigaﬁ@rs found that carbon
dioxide, sulphur dioxideg and water were evolved ab thé bloabting thempsrabura.
They belisved that, sinee most carbonates decompoge ab low tamperatures; the
carhon dioxide was formed by the oxidationr of hhe elemental cavbon thab
remained in the clay by reduction of the fewrwcle oxide, They suggested thab
the sulphur dioxide might be evolved fram the decomposition of magidual
caleium or magusesium sulphate or inktermediate componndg fpnmed during the
fivinge The water evolved was considered %o have come fram some minswal
other than elay as clay loses its cxystal lattlee structure at a t@mpérature
below the bloating temperature. Iu gemeral, the evoluiblon of gages Lram |
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clays varied luversely with the rate of heatlag, and.diregtly with the
ain flow, It was shown that good bloating took place in a nitrogen
atmosphere which indicated that the oxidation must come from wibthia the
elay rather than from a reachtion with the atmosphera.

Gonley, Wilson and Klinefelter(9)_made av. extensive study of the
availability of raw materials, methods fér producing lighhweight aggregahag,
and on causes of bloating., Their work indicated that various compounds of
ivon, alkali, and alkaline earths furnished the fluxes and gaseg necessary
t0 bring about bloating. Using this agssumption variouws admixtures of sush
compounds were added to non-bloaters aud +to poor bloaters with good resulia
in some cages. They found that the results varied decidsdly dependiag upon
the clay 40 which the admix was made, and that each ela&‘req&ired a separahe
study. These authors attempted to correlate the bloating properties wilth
chemical analyses, and from their work coneluded thab chémi@al analysas
were only of parvtial valus ag bhey 4id notn indiéata the minaxal form of
the impurities. They observed that the mineral form of the impurities
in the clay was the key to whether a elay or shale wonld bloat or note

Charles M, Riley(lo) stated the two conditions necessary fow
bloating as followss

1. "Enough of the matexrial must fuse o £ill the pore gpasas 80
that gages béing formed will be trapped. The fused material mush, of
course, be wiscous enough so that the gas does not escape by bubbling
through it."

20 ~“Some mineral or cambination of minarais ﬁust bhe present
that will diésociate and libervate a gas alt the time when the mass of clay
has fﬁsed t0o a vigcous melh.™

He elassifiad materiéls ags bloaters and non-bloabers, and bj

plotting the chemical analyses on a composition diagram, was able %o show
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that one condition of bloatiang could be defined i.8., the condition of
proper viscosity at the bloating hemperature. By adding pyrite,. hemablis,
and dolomite H0 non-bloating mixtuxes9 and by bringing the compogition into
the area defined on the composition diagram, Riley showed that these minerals
could produce the gases necessary for bloating. It was algso discovered that
many iguneous rocks whose compositions fell within the area of bloating om
the compogsition diagram bloated well when ground aud cast into briqueties.
Riley supported the earlier contentions of Ja@ksan(l) and thought the
principal reason for bloating wag the ewvolution of oxygen during the dis-
sociation of F6203° He allgo rerognized that pyrite probably dissociabed

t0 give gulphur dioxide at high themperaturves, and that dolomite probably
formed intermediate compounds with the other constituents which wetalaed

some of the carboun dioxide until disgociating at the bloating temperaibure.

APPLICATION OF CHEMICAY. ANALVSES TQ PROBLEM OF PRODUCING COATED AGGREGATE

i

As this.inﬁestigation Was.eoneerned onlj With the highagt grade Qf
aggregate i.e., coated aggregate, the differsnces between mabterials found
suitable for coated aggregate produciion and thoge that were not, were of
more interesgt than the differences between non-bloaiting and bloating clayso
Maay materials provad to be excellent bloaters yek were found %o bs un=
suitable for coated aggregate bhecause of their narrow viirifizanlon ranges,
and sticking and agglomerating qualities. Followiug statignamy furnace and
rotary kiln tests all materials fested were classified into one of five
groups previously meationed undey test methods,

Chemical analyses were gecured of represantative materials firom
each of the classifications except the non-uniform materials. Wot i:aef;udad,
in the chemical analyses plotted were materialg that had an. axceggsivaly
high combustible carbon content such ag shown by many eoal mine shalss.
Small amouvts of carbon are probably most bensficial to bloatiag but ex-

cegssive amounbz mask the normal reactions taking plase, and in tha ghors
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heating time given the materials of high carbon conten®, only a thin surface
coating of the particles showed any oxidation or blosting.

Some of the materials classed as poor bloahers would very probably
be good bloaters, or be found suitable for eoated aggregate manufacture, if
the heating time were long enough 10 remove gome of the excess carbon., The
effect on bloating when exscess carbon was removed by prolonged preheating,
before subjection to bloating tests, is lllustrated lo Figure I, page 15,
The decided improvement in the interior strusture of the pariticles is not
shown. When a material, high in combustible carbon, i1s not preheated, the
product expands by the gvelling of the combusiibles rather than by bloating,
With prolonged preheat treatment and removal of carbon, a bloated cellular
structure and a lighter product ave developad, For these reasong shales
high in combustible carbon were not congideraed té ba representative of their
claggification as poor bloatexrs.

The conditions necessary for a clay or shale to be suitable for the
production of a coated aggregate ave ag follows:

l. The material must conbtain a compound that will dissoclate, ox
fom intermediate compounds that will dissosiate, with the formation of a
gas or gases at a temperature at which the material is in the pyroplastie
condition,

2 The material when in the pyroplastis condition must have s
high viscosity 80 that the released gages will be trapped, and so that the
surface tension of the particles is greab enough Ho draw each particle mass
tOgethef9 and mininize agglomeration of the partileles lnto a elinker.

3o The materisl must have s wide vitrification range to allow easy
temperature control below the bemperaiture at which stickiag and agglomeratiug

become excessive.
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Previous work has shown that the chemical analysis of a material
is of no value in determining whether the required gas~forming compound is
present oxr ndto However, in this investigation most materials showed some
evidence of gas release or bloating with the exception of the refractory
materials, a large number of which would show some bloating if the temperature
were carried high enough. Other investigators have shown that a fraction of
one per cent of a gas-forming compound is all that is required for good
bloating of a clay or shale. In view of this it is probable that Condition
1 is not 80 important a determining factor as the conditions of high viscosity
and wide vitrification range.

The camposition diagram shown in Figure 2, page 17, with alumina,
silica, and total fluxes at the corners shows that the viscosiﬁy condition
requires the chemical composition of a clay or shale to be within a fairly
well defined area. For this diagram the volatile material and minor con-
stituents were neglected and the analyses recalculated on the basis of 100
per cent.

The vitrification range of a clay or shale for the purposes of
lightweight aggregate manufacture covers the partially fused condition and
is the range in temperature between the point of ineipient fusion and the
point at which the viscosity has decreased to imbractical working conditions,
The lower limit of the vitrification range is fixed by the temperatures at
which the sutectic composition of the components begins to liquefyo The
upper limit is fixed by the character and quantity of the fluxes present.

The fluxes containing sodium and potagsium will give a wider vitri-
fication range than those containing calcium and magnesium because their
high viscosity retards their interaction with the surrounding clay grains.

Fluxes containing caleium and magnesium have a low viscosity and shorten the
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Figure 1 - Effect of preheating upon the specific gravity of
bloated specimens of shale high in combustible carbon.



: vitfificgtion range. Ferric oxide is believed to bs an intermediate flux.
There seems reason 40 believe, therefore, that the vitrification range of
a clay or shale should bear some relation to the proportions of tha

K

20 + Nag0 and €a0 + MgO fluxes.

In Figure 3, page 19, the ratios of the K20 + Nan0 fluxes and
Ca0’+ Mg0O fluxes have besen plotted for the materials that had a wide
vitrification range and were found suitable for making a coabed aggregate
and for the materials that were unsuitable and had too narrow a vitrification
range, It is apparént from this diagram that a material, t0 have a wide
enough .vitrification range, should have an exceés of the Ky0 % Nao0 fluxes
over the cap +'Mgo fluxes, With only one exception all materials found
suitable for making coated aggregate in this investigation had a ﬁalu@ aof
greater than 1 for the ratio of Kp0 %,Nago to Cal + Mg0. The matevials
with 00 narrow a vitrification range had a value of less than lo.

The vitrification range of a clay or shals coated aggregate raw .
material has an important bearing on the size range of the fesd for the
robary kiln. In most materials the extreme fine gizes start %0 agglomerata
at a temperature below that sufficient £0 cause good bloating of the goargae
gizes., However, if the vitrification range is wide thils temperature may
still be high encugh to allow good bloating of the coarss sizes. Other-
wige, the feed has to be separated in at leas® two size ranges, and eaech
fired separately. In actuai practice the vitrification range should be
wide enough to allow bloating over a range of at least 50°F below the

temperature at which sticking becomes soxcesgive.
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not suited for coated aggregate
because of a narrow vitrification range.
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Figure 2 - Composition diagram of major oxides in c¢lays and shales
showing proportions required to produce coated aggregate.
Dotted line represents approximate limits of materials
suited for coated aggregate.
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The chemical analysis of a clay or shale appears t0 he valuabls
for the defining of two conditions necessary for producing a coated
aggregate namely, \}iscosity9 and vitrification rangs, but is of no known
value in determining whether or not the required gas-forming compound is
present. A material, to be suitable for the production of coated Lighbtweighs
aggregate, should have proportions of silisa, alumina, and total fluxes as
defined in the composition diagrvam shown in Figure 2, page 1f, and an excess
of the K50 + Najy0 fluxes over the €al + Mg fluxes as illustrated in Figure

~

35 page 19
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5.0
45

. Clays and shales found suitable for ﬁanufacture
4.0 of coated aggregate (wide vitrification range).

Clays and shales found unsuitable for manufacture
of coated aggregate( narrow vitrification range).

[11]

Figure 3 = Relationship of type of fluxes in clays and shales to

width of vitrification range.
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Figure 4

SUMMARY OF LIGHTWEIGHT AGGREGATE TEST RESULTS - NEW BRUNSWICK

Materisls having good
possibilities for coated
aggregate production

Materials that are good
bloaters but are not
considered suitable for
coated aggregate beceause

of sticking and
agglomerating characteristics

Materials that are
poor bloaters

Materiaels that are too
refractory (show no
fusion or bloating when
fired in stationary
furnace at 2400°F for

5 minutes)

Materials that are
too non-uniform in
bloating quelities

Sample ample Sample
Locelity S;g?le Nb? Locality SNo?l Locality S;g?le Locality No?
Minto-shale Fredericton-shale 1,2 Chipman-shale 12 Chipmen - shele 11,13 Fredericton-clay 3
Minto-shale Fredericton-clay 4 Bathurst-clay 33 Moncton-shale 19
Minto-ghale 8,9,10 Fredericton-clay ) Bathurst-shele 35 Moncton-shale 27-28
Chipman-shale 15 Chipman-shale 14 Bathurst-shale 34
Moncton-ghale 20,21,22 St. John-clay 16
23 Moncton-shale 17,18
Moncton-shale 30,31

Moncton-shale 24,25,26
Moncton-sheale 29

Chatham-clay 32
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LOCATIONS,, DESCRIPTIONS AND TEST RESULTS OF CLAYS AND SHALES
IN NEW BRUNSWICK

The clays and shales tested from New Brunswick gave

fair results in the laboratory. Of 35 samples tested, 14

taken from 7 occurrences showed good possibilities as raw
materials for coated lightweight aggregate; 11 from 8 oécur—
rences were good bloaters but had too narrow vitrification
rangess 3 from 3 occurrences proved to be poor bloaters§ 2
from 1 occurrence were too refractory; and 5 samples frbm 4
occurrences were too non-uniform.

The 14 samples found suitable for msking coated
lightweight aggregate came from three localities, namely,
Minto, Chipman and Moncton. Of these three localities the
shaleg from the Monc%on area gave the better producf. Also,
from the marketing point of view, the Moncton area is ﬁore
central than the other two,

Descriptions of the occurrences sampled and the
laborato;y'tegt results are given below. Approximate

locations of clays and shales having possibilities for making

coated lightweight concrete aggregate are marked on the map

at the end of the report,
) N FREDERICTON
The country immediately surrounding Fredericton is

underlain by gently dipping Pennsylvanian sandstones, con-

glomerate and reddish brown shale. Exposures of shale, however,

are limited.
At the L. E. Shaw, Limited, brick plant on Woodstock

road, reddish brown shale is used for the production of dry
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pressed brick. The shale is brought from a pit located 2
miles west of the plant. A geological section of the shale

plit was noted as follows:

Sandy glacial clay - 2 feet
Reddish-brown shale (Sample 1) - 5 feet
Reddish-brown silty shale (Sample 2) = 3 feet

When pested in the stationary furnace both of‘these
samples prgved to be poor bloaters and possessed a narrow
vitrification range. Rotary kiln tests were considered
unwarranted. |

Samples were secured from an old clay pit adjécent
to the L. E, Shaw, Limited, plant. A section of the pit was

measured as follows:

Top soil - 6 1inches
Reddish~brown clay (Sample 4) - 9 feet
Blue clay (Sample 3) - 8 feet

A portion of the lower blue clay bloated well in the
stationary.fuynace but had a narrow vitrification range. The
remaindgy_ofwtbe_sample showed no bloating under the same
firing conditions. A rotary kiln test on grbund and pelletized
feed gave a poor product., ‘

The upper reddish-brown clay (Sample 4) bloated well
in the staéiqnary furnace but had too narrow a vitrifiéation
range to Wérrant a rotary kiln test.

A sample of calcareous thin-bedded clay (Sample 5)
was obtained from Gardens Creek approximately two and one half

miles east of Fredericton. It 1s reported that the clay extends
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to a depth of 90 feet in a neighboring well, Several acres, at
least, are underlain by the deposit.

§tationary furnace tests made on this clay (Sample 5)
showed it to be a good bloater but with too narrow a vitrifica-
tion range. V |

MINTO

The Minto area is underlain by the Grand Laké form-
ation of sandstone, conglomerate, shale and coal. The main
coal seam varies in thickness from 18 inches to 24 inches sé
that in most underground mines about two and one half feet of
the overlying shale must be removed for head room. It‘is
reported that from one to two tons of shale are hoisted for
each ton of coal mined. This has resulted in tremendous ton-
nages of shale lying on the waste dumps at each mine. The
shale overlying the coal is uniform, light grey in coldur,
soapy to tQuch and contains fossilized plant remains. On
standing in the _open it disintegrates to a flaky clay.d
Probably the most noticeable feature of the shale dumps exam-
ined in the Minto area is their cleanliness. 1In contrast to
mine waste dumps in other coal mining areas the shale is not
mixed with any appreciable amount of sandstone, conglomerate,
coal or other foreign materials.

Sample 6 was representative of 2% feet of shale over-
lying the coal at the McMann mine east of Minto., This material

bloated well in the stationary furnace and possessed a wide

- vitrification range. However, the product was highly laminated.

In the rotary kiln a laminated product was obtained showing a

volume expansion of 100 per cent, a bulk density of 44 1b./cu.ft.
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and a crushing_strength of 875 p.s.i. The average kiln
operatingwtemperature was just under the agglomerating tempera-
ture of 2050°F. o

At the mine of the Newcastle Coal Company, Limited,
24 miles east of Minto, a grab sample (Sample 7) was taken of
the shale on the dump, This material is very clean and uni-
form and a large supply is available. About 300 tons of shéle
is hoisted daily and discarded as waste. |

Stationary furnace tests on this shale (Sample 7)
showed a wide vitrification range and good bloating properties.
The product obtained in the rotary kiln showed a volume expan-
sion of 100 per cent, a bulk density of 47 lb./cu. ft. and a
crushing étrength of 954 p.s.i. The average kiln operéting
temperature was just below 2050°F at which temperature agglom-
eration started. In physical appearance the product was almost
identical to the product from the shale at the McMann Mine.
Although both products were.laminated they se&med to be quiﬁe
étrong.

Samples of shale were taken at the strip miné belong-
ing to the Miram%chi Lumber Company, Limited, located 3% miles
north of Minto. A section of the pit down to the top of :the:

coal seam was noted as follows:

Sandstone - 4 feet
Iron-stained shale (Sample 10) = 10 feet
Gréenish-grey shale (Sample ¢) - 8 feet
Coal | .+ = 4 inches
Light grey shale (Sample 8) - 6 feet
Coal _ - 4 inches
1 foot

Light grey shale -
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The light grey shale (Sample 8) had properties
similar tq the_shale lying above the coal at the two previous
locations. The rotary kiln product obtained was not aé good
as that from the two previous shales because of a drop in
temperaturg for part of the run. The volume expansion
measured 60 per cent and the bulk density 58 1b./cu, ft. The
agglomerating temperature was 2050°F, the same as for the two
previous mater;als.

The greenish-grey shale (Sample 9) bloated well in
the stationary furnace and possessed a wide vitrification
range. The rotary kiln product showed a volume expansion of
80 per cent and a bulk density of 56 1b./cu. ft. The crushing
strength measured 3818 p.s.i. The average kiln temperéture
was 2080°F while agglomeration started at 2100°F. A slightly
longer kiln retention time would give a lower bulk density.

The upper iron-stained shale (Sample 10) also
bloated well in the stationary furnace and showed a wide vitri-
fication range., When fired in the rotary kiln at just under
the agglomerating temperature.of‘205Q?F the shale gave'a product
showing a valuﬁe expansion of 50 per cent, a bulk density of
59 1b./cu. ft. and a crushing strength of 3500 p.s.i. A por-
tion of the product showed no bloating. It is gqulte possible
that this smali amount of foreign material could be excluded by
careful mihing: A longer kiln retention time would gi%e a
lighter prodgcto

The shale samples (6 to 10 inclusive) from the Minto

area all gave indications of being suitable for the manufacture
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of coated lightweight aggregate. All possess good bloating
properties and a wide vitrification range. The products
formed tend to be laminated rather than well rounded but the
crushing strengths are high., The effect of these laminations
on the strength of the product could only be determined by
actual concrete tests. If necessary, the laminated nature of
the product could be eliminated by finely grinding and pellet-
izing the shale before feeding it to the rotary kiln.

Practically unlimited amounts of the shale, as mine
waste, are readily available. Pulverized coal could éerve as
cheap fuel.

As with many other localities the question of avail-
ability of markets would require a great deal of stud§ if any
development were undertaken.

| CHIPMAN

At Chipman, L. E. Shaw, Limited, are using red shale
of the Grand Lake formation for the production of brick. A
generalized.seCtion of the company's pit, located 2% miles

north-east of Chipman, is as follows:

Topsoil - 3 feet
Massive sandstone - 7 feet
Greenish-grey soft shale - 1 foot

Massive, hard, red, sandy shale (Sample 13) - 10 feet
Red shale (Sample 12) - 10 feet
Massive, hard, red shale (Sample 11) - 10 feet
The two beds of hard, red, shale (Samples 11 & 13)
proved to be too refractory and showed no bloating or fusion

when fired in the stationary furnace at 2400°F for 5 minutes.,
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The intermediate shale (Sample 12), when tested in the station-
ary furnace, proved to be a poor bloater at temperatufes
approximating what is considered to be the commercilal limit,

Samples were also secured from the company's old
shale pit adjacent to the one described above., Sample 14 was
representative_of 8 feet of fairly soft red shale while Sample
15 represented 5 feet of blue shale underlying the red shale,
In the stationary furnace both materials bloated well. The
red shale, however, possesses a narrow vitrification range
which resulted in a very poor rotary kiln product. Satisfactory
bloating did not occur below 2100°F at which temperature agglom-
eration became gulte serious. The rotary kiln product made
from the blue shale (Sample 15) showed a volume expansion of
110 per cent, a bulk density of 43 1lb./cu. ft. and a crushing
strength of 1591 p.s.i. The average kiln temperafure for this
material was just below the agglomerating temperature of 2050°F.
Although the product was laminated it appears to be‘strohg and
shows poséibilities as a coated aggregate raw materialo

ST. JOHN

The St. John area is underlain by a wide variety of.
consolidated rocks ranging in age from Precambrian to Triassic,
The St. John Group of sediments, the Kennebecasis Formation,
and the Lancaster Formation all contain quite extensive shale
beds that are worthy of work by those interested in a raw
material for lightweight aggregate manufacture., None of these
shales were sampled in this investigation. |

The unconsolidated rocks of the area are boulder

clay, stratified gravels and marine clays and sands.
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A deposit of marine clay at Little River on Courteﬁéy Bay
has been used for the manufacture of brick by the Anderson Brick and
Tile Company, Limited. The clay is a reddish-brown colour, very fine
grained and plastic. A few pebbles were noted near the top of the 5-
foot section available for sampling.,

In the stationary furnace this material (Sample 16) proved
to be a good bloater but had a narrow vitrification range. It was
not considered worthy of a rotary kiln test. '

MONCTON

Pennsylvanian and Mississippian shales outcrop abundantly

a few miles northwest of Moncton.

Approximately 4 miles northwest of the city, reddish-brown
Pennsylvanian shale is well exposed in the banks of the West Branch
of Hall Creek and in a road cut on Highway 33. A section of the

exposure in the road cut was noted as follows:

Topsoil - 2 feet
Weathered, reddish-brown shale (Sample 18) - 4 feet
Reddish-brown shale (Sample 17) - 8 feet

Both of the above samples proved to be good bloaters in the
stationary furnace but each had a narrow vitrification range. Rotary
kiln tests were not made.

Mississippian shales of the Méncton group are well exposed
in at least two quarries along the road south of Stiles Village. The
shale, hard and relatively thin bedded, is quarried for secondary

road material.
Sample 19 represented 5 feet of hard,_rusty-weathering,

dark grey shale taken from the most southerly quarry about one and

one half miles by road south of Stiles Village. At this point the

shale is relatively flat-lying but with local contortions. Overburden

amounts to about 2 feet of topsoil and reworked shale, When tested in

the stationary furnace and rotary kiln this material proved to be too
non-uniform. Approximately 60 per cent of the sample bloated very
well with a wide vitrification range while the remainder showed no
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bloatiﬂg. The rotary kiln product gave a volume expansion

of 50 per cent, a bulk density of 57 1lb./cu. ft. and a crushing

strengthlof 1273 p.s.i. The kiln operating temperature was

just below 2000°F, at which temperature agglomeration started.
Shale belonging to the same group is well exposed

in a quarry about one-=half mile northwest of_the previous loca-

tion. At this point the shale, lying close to“the edge of a

ridge of pre-carboniferous diorite, has been tilted to an angle

of about 70 degrees. The shale is hard, highly fractured and

heavily iron stained. It has a light greenish-grey colour and

occurs in beds of about 4 inch to 1 inch thickness. From 2 to

5 feet of topsoil and reworked shale cover the deposit.

In the quarry, four samples were taken, each across
a stratigraphic width of 10 feet. Stationafy furnace tests
indicated that the continuous 40=-foot width of shale was
extremely uniform. It bloated well and possessed a wide vitri-
ficatlion range. The rotary kiln products wére wéll nQunded,
uniform, light and strong. Volume expansions for the four samples
ranged from 100 to 110 per cent, bulk densities from 37 to 49 1b./
cu. ft. and crushing strengths from 786 p.s.i. to 1750 p.s.ie.
Kiln operating temperature for the four tests was kept asiclose
to 2050°F as possible at which temperature élight agglomeration
started. Tn view of these test results this shale, as repre-
sented by Samples 20, 21, 22, and 23, is very well sulted for

the manufacture of coated lightweight aggregate. A
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large supply of shale appears to be readily available and it
is one of the best raw materials tested from the Maritime
Provinces.
\ At Stiles Village quarrying operations have exposed
steep dipping, hard but highly fractured, light-grey shale
which 1s believed to belong to the Albert formation of Missis-
sippian age. A stratigraphic width of approximately 200 feet
of shale covered by about 3 feet of overburden was exposed in
the pit. Samples 24, 25, and 26, taken in the face of the pit,
represent a 30-foot section of the shale. In the stationary
furnace each of these samples bloated well and showed a wide
vitrification range. However, all three samples conﬁained some
foreign material that did not bloat. In the rotary kiln the
three samples gave good products except for the presence of
some unexpanded material. The products showed volume expan-
sions of 15, 30, and 60 per cent, bulk densities of 49, 43, and
40 1b./cu. ft. and crushing stréngths of 1432, 958, and 1082
p.sS.i. The kiln operating temperature for the three runs was
kept as close as possible to 2OOQ°F at which temperature slight
agglomeration étarted. This shale is also considered as offer-
ing good pOSSibllitleS as a coated lightweight aggregate raw
material, However, efforts would have to be made to exclude
the non-expandable material from the kiln feed.

Dark grey, almost black, steep-dipping shale of the
Albert formation was noted in outcrops on the north side of
Indian Mountain approximately one and one half miles by road
north of Stiles Village. Two samples were taken from two out-

crops about one-quarter mile apart. Sample 27 represented a
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width of 5 feet and Sample 28, a width of 20 feet. In the
stationary furnace both materials proved to be exceptionally
non-uniform in bloating properties and did not warrant rotary
kiln tests.,

Just south of Memramcook West, about 12 miles south-
east of Moncton, samples were secured of shales belonging to
both the Albert and Memramcook formations.

Outcrops of greenish-grey shale of the Albert forma-
tion were noted in a road ditch one-half mile south of the
Moncton highway and one-half mile west of the road leading to
St. Joseph. Overburden in the immediate area is light, con-
sisting of about 6 inches of topsoil. The number of exposures
suggests that a large tonnagé is available. This material
(Sample 29) proved to be a good bloater with a wide vitrifica-
tion range. A’good product ‘was also obtained in the rotary
kiln., The volume expansion measured 80 per cent, the bulk
density 49 1b./cu. ft., and the crushing strengthl1432 PoSoie
The average kilﬁ operating temperature was 2030°F and agglomer-
ation started when the temperature was increased beyond 2050°F.

Red shale of the Memramcook formation is exposed in
the banks of a small creek about one-half mile directly north
of the previous‘locatibn. A section of an exposufe was measured
as follows: |

Topsoil - 2 feet

Weathered, reddish-brown shale (Sample 31) - 5 feet

Hard, reddish-brown shale (Sample 30) - 13 feet

Both of these materials proved to be good bloaters in

the stationary furnace but both possessed a narrow vitrification
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range. A rotary kiln test made on Sample 30 gave a poor product.
Satisfactory‘bloating of this material did not take place with-
out serioué'sticking trouble due to its narrow vitrification
range. .v |

CHATHAM

A sample of clay formerly used for the produétion of
brick (Sample 32) was secured from the farm of W. Appleby, South
Nelson, 6 miles‘$outhwest of Chatham. The abové sample was a
grab sample from.a clay pile in the pit which is now.overgrown
with grass and trees.

This material bloated well in the stationary furnace
but posseséed téo narrow a vitrification range to warrant a
rotary kiln tesﬁ.

BATHURST

Reddish-brown, fine grained, plastic clay appears to
be quite widespread at Bathurst where it was noted in several
scattered bésemént excavations, Sample 33 representing a 7-foot
width, was takén in a railroad cut just south of Bathurst station.

Statidnary furnace tests on this clay‘showed that it
was a poor blgaﬁer and possessed a very narrow vitrification
range. Rotary kiln tests were not made.

At StdhehaVen, 25 miles by rail northeast of Bathurst,
shales of fhe_Clifﬁon formation are well eXposeé in the sea
cliffs. A section near the Stonehaven warf was noted as follows:

Topsoil - 2 feet

Red shale (Sample 35) - 15 feet

Sandstone - 3 to 5 feet
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Greenish-grey shale (Sample 34) - 15 feet
Sandstone to sea level

The greenish-grey shale (Sample 34) proved to be

non-uniform in bloating properties. While a large portion
of the sample bloated well and possessed a wide vitrifica-
tion range, the remainder showed no bloating. /The rotary
kiln product showed a volume expansion of 20 per cent, a
bulk density of.59 1b./cu. ft., and a crushing strength of
2454 pes.i. ‘The.average kiln temperature was just below
2100°F at which_temperature agglomeration started. In view
of its non ﬁnifdrmity this material would not be recommended
for use in making coated ligntweight aggregate,

The upper red shale (Sample 35), when tested in
the stationary furnace, proved to be a poor bloater with a

narrow vitrification range.
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SUMMARY OF LIGETWEIGHT AGGREGATE TEST RESULTS -

Figure 5

NOVA SCOTIA

Materials having good
possibilities for
coated aggregate

Materials that are good
bloaters but are not
considered suitable for

Materials that are

Materials that are too
refractory (show no fusion or
bloating when fired in

Materials that are
too non-uniform in

production coated aggregate because poor bloaters stationary furnace at bloating qualities
of sticking and agglomerating 2400°F for 5 minutes)
characteristics
Locality sa§£%° Locality S§2?1° Locality S:g?le Locality Sa:g%e Locality Sa;g%o
Elmsdale-clay 7 Parrsboro-shale 3,4,5,6 Sydney-Glace Bay-shale 12 New Glasgow-shale 19 Parrsboro-shale 1,2
Elmsdale-slate 8 New Glasgow-shale 17 New Glasgow-shale 20 Sydney-Glace Bay-
New Ulasgow-shale 26 shale 9,10
New Glasgow-shale 27 Sydney-Glace Bay-
shale 11
Sydney-Glace Bay-
shale 13
Sydney-Glace Bay-
shale 14
Sydney-Glace Bay-
shale 15
Sydney-Glace Bay-
shale 16
New Glasgow-shale 18
New Ulasgow-shale 21,22,23

New Glasgow-shale 24,25
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LOCATIONS, DESCRIPTIONS AND TEST RESULTS
OF CLAYS AND SHALES IN NQVA SCOTTA

The clays and shales from Nova Scotia gave poor
results in the labqratory. Of 27 samples tested, only 2
samples from 2 occurrences showed good pog;ibilities as
coated 1ightweight aggregate raw materialsy 4 from 1 occur- |
rence proved to be good bloaters but possessed too narrow |
vitrification ranges;_2 from 2 occurrences were poor
bloatersy 4 from 4 occurrences were too fefréctory; and 15
samples from 10mocqurreﬁces were consldered too non-uniform,

It may be seen that the largest number of materials
tested fell into the non-uniform classification. This group
was composed almost wholly of shales asgéciaéed with coal at
the mines in the Sydney, Glace Bay and New Glasgow areas.

The two_materials with promising laboratory results
came from the Elmsdale area about 30 miles north of Hallfax.
One of these was a clay and the other a slate, both being in
large supply._“Thié same slate formationvogcurs at Halifax
and it might ﬁrove advantageous to inves&igate the sultability
of the slate ﬁhich is exposed there.

. PARRSBORO )

Large amounts of steeply-dipping, Qoptorted, dark
grey to black Pennsylvanian shales were observed in outcrops
at Moose River about 8 miles east of Parrsboro. A 10-foot
width of the ghale was sampled in two five-foot sections
(Samples 1 and 2). )

Stationary furnace tests indicated that both of

these materials were too non-uniform. Only a small part of

each sample possessed favorable bloating properties.
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Large amounts of red Triassic shale are exposed in
the vicinity of Five Islands approximately 15 miles east of
Parrsboro. A section of an exposure on the farm of A. McBurnie,

Five Islands, was noted as follows:

Topsoil - 6 inches
Gravel - - 10 feet
Weathered red shale with scattered
rock pebbles - 2 feet
Soft red shale (Sample 6) - 4 feet
Soft purple shale (Sample 5) ‘ - 3 feet
Hard red shale with few sand beds
% | (Samples 3 & 4) - 35 feet
Concealed to creek level - 3 fééf

A1l of the above samples (3 to 6), when tested in
the stationary_fuppace? proved to_be gqoq blqating materials
but all had a»narrow'vitrification range. For this reason
rotary kiln tests were not made. ,

__. ELMSDALE -
Elmé&ale is located 32 miles by rail north of

Halifax and midway between Halifax and Truro. L. E. Shaw,

Limited, oparates a_briqk_and tile plantﬂatmElmsdale using a

very fine grained, plastic, reddish-brown, clay and slate of

the Halifax formation, o

. A section in the face of the clay pit was noted as

follows: o
Tppsq;;wgpgaty’material)‘» ) - - 1 foot
Weathered reddish-brown clay (Sample 7) - 1% feet
Reddish~brown clay (Sample 7) - 10 feet
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The laboratory tests showed that the above clay
-was a good blgater With a wide vit;ificat@gg range. A rotary
kiln test made on pelletized feed gave a good product showing
a volume expansion of 75 per cent, a bulk density of 49 1b./
cu, ft., and a crushing strength of 2864 p.s.i. The average
kiln temperature for the test was 2090?Fvwh;le agglomeration
took place When“the temperature was iﬁc:gased beyond 2100°F,
The clay showsigood possibilities as a coated lightweight
aggregate raw material and a large reserve is readily available.

A grab sample (8) was taken from the company's slate
quarry at Grand Lake approximately 10 miles south of the plant.
In the stationary furnace and rotary kiln this material
generally bloateq very well., A small pqrtiqn Qf the sample,
however, did not ekpand, The rotary kiln product showed a
volume expansion of 79 per cent, a bulk density of 48 1b./cu.
ft., and a crushing strength of 955 f.s.it The average kiln
temperature wés juét below 2050°F at which temperature agglomer-
ation began. ,

This slate (Sample 8) is considered to possess pos-
sibilitles for the manufacture of a cqateqmlightweight
aggregate butlefforts would have to be madé to secure a deposit
of uniform firing éualitiesl |

. SYDNEY-GLACE BAY

Large tonnages of Pennsylvanian shale of the Morien
coal bearing series are hoisted daily at the numerous mines in
the Sydney-Glace Bay area. Tremendous amounts of the shale
have alsQ accumulated over the years on the mine waste dumps.

A1l of the waste dumps contain sandstone and coal in varying
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amounts. These_fqreign materials were not included in the
samples taken from the waste dumps unlesg intimately asso=
ciated with the shale, In other V\_ro:r_*ds,i the samples taken for
testing were considered to be representative of the shale
that could be obtained from the mine if care were taken in its
selection. o

At the No. 24 mine of the Dominion Coal Company at
Caledonia, approximately 250 tons of waste shale, containing
small amounts of sandstone and coal, are holsted daily. The
shale overlies the Emery seam. Two samples of this material
were taken for lightweight aggregate te_s‘gs° One of these
(Sample 9) was ?epresentative of the weathered shale and the
other (Sample 10) of the fresh shale on the dump. Both of
these materials prqved to be nonuuniform_but showed good over-
all volume expansion. The weathered s@ale gave a product with
a volume expansion of 40 per cent, a bulk density of 45 1b./cu.
ft., and a drughing strength of»254§"p,§:;51 Whilg the fresh
shale gave a_product with a volume expansign.of 90 per cent,
a bulk density_qf»S?l}bc/cu. ft:?”andng‘ppushing strength of
3500 p.s.i. The strength and weight_properties appeared qulte
good but the products were non-uniform and.laminated, showing
no rounding of the individuwal particlés, ahd for a large part
of the material, no expansion. For tiese feasons both samples
are classed as being too non-uniform. _

At the No. 1 B mine of the Domigion Coal Company at
O0'Neil Point, Glace Bay, approximately 400 tons of shale over-

lying the Harbour and Phelan seams are removed daily. A grab
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sample (Sample 11) was taken of the shale on the waste dump
which contains considerable sandstone and coal, Stationary
furnace testo on this shale showed that it was non-uniform
with only a part of the sample bloating well This was con-
firmed in a rotary kiln test.

At Gardiner Mines, the No. 25 mine of the Dominion
Coal Company “hoists about 250 tons ofAshale dgily from above
the'Gardiner_seam, A grab sample (Sample”iQ} of this shale
from the wasfe dunp proved to be a poor bloater in the station-
ary furnace. A rotary kiln test was not considered warranted.

At New Waterford, grab samples of waste shale were
obtained from the No, 12 (Sample 13) and No. 18 (Sample 14)
mines of the Dominion Coal Company. Both of these shales
proved to be highiy carbonaceous and_too non~-uniform for con-
sideration aé coaied lightweight aggregate raw materials,

The Princess mine of 0l1d Sydney Collieries, Limited,
at Sydney Mines, removes about 100 tonsvof waste shale daily
from above tne_Harbour seam., Stationary furnace tests made on
this shale (Samplo 15) indicated that ituéiso was too non-uni-
form. A portion of the sample bloated weil while the remainder
showed no expanSion. _ o

Approximately 15 feet of shale is removed as over-
burden at the Lloyds No. 7 strip mine of 01ld Sydney Collieries,
Limited; at Alder Point. A section of the pit to the top of
the coal seam was noted as follows:

Topsoll and sandstone - 8 feet

Rusty-weathering shale with a narrow
sandstone bed (not included) Sample 16 -~ 15 feet

Buff weathering sandstone - 30 feet
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This shale (Sample 16) also proved to be too non-
uniform in bloating qualities when tested in both.the station-
ary furnace and rotary kiln. The rotary kiln product showed a
voiume expansion of only 10 per cent, a bulk density of 66 1b./
cu. ft., and a crushing strength of 5091 p.s.i.

The prospects for the use of coal mine shales of the
Sydney-Glace Bay area for manufacturing a coated lightweight
aggregate do not appear favourable due largely to their non-
uniformity in bloating qualities. Even the portions of the
samples that showed expansion gave a non-rounded aggregate
with a weak, laminated structure. Another considératién is
thét this area is well supplied with expanded blaéf furnace
slag aggregate which can be produced at a lower cost than ex-
panded shale aggregate.

NEW GLASGOW

The New Glasgow area is underlain by Paleozoic rocks
rahging in age from Lower Ordovician to Middle Pennsylvanian,
The Stellarton Series of shale, sandstone and conglomerate, of
Pennsylvanian age, 1s the most important formation in the area
as it contains all the economical productive coal seams of the
Pictou coal field. There are also two clay products plants at
New Glasgow using the shale of this formation.

L. E. Shaw Company, Limited, obtain shale for the
maﬁufacture of brick and tlile from a pit on McLelian Brook., A
section of the face of the pit was noted as follows:

Black oil shale (Sample 19) - 10 feet

Dark grey, thin-bedded shale with
few siderite concretions(Sample 18) « 9 feet

Light grey thin-bedded shale with
few siderite concretions (Sample 17) - 10 feet
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The light grey shale (Sample 17) proved to be a poor
bloater when fired in the stationary furnace at temperatures up
to 2400°F for 5 minutes.

) The dark grey shale (Sample 18) proved to be too non-
uniformé A portion of the sample bloated into a laminated
product:while the remainder showed no bloating. in splte of
this non—unlformity the rotary kiln product showed an overall
volume expansion of 100 per cent, a bulk density of 50 1b./cu.
ft., and a crushing strength of 1591 p.s.i.

The upper black oil shale (Sample 19) proved to be
too refractoryo It showed no bloating or fusion when fired in
the statlonary furnace at 2400°F for 5 minutes.

Standard Clay Products, Limited, operates a sewer
pipe plént at New Glasgow using shale from a plt on MclLellan
Brook aﬁout one-half mile east of L. E., Shaw Company's pit.

A section of the pit is as follows:

Brown glacial clay and reworked oil shale - 8 to

10 feet
Black oil shale (Sample 20) - 4 feet
Soft, grey shale with few siderite con-
cretions (Samples 21, 22 & 23) - 22 feet

The oil shale (Sample 20) behaved like the oil shale
of the L. E. Shaw Company's pit, inasmuch as it Wés too
refractéry. A | |

All three samples (21, 22, & 23) of the grey shale
proved fo be too non-uniform. At least half of each sémple
showed no bloating under time-temperature conditions that

caused bloating of the remainder of the sample.
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Samples of waste mine shale were obtained from the
large waste dumps at the McBean mine (Sample 24) at Thorburn,
and froﬁ the Allan mine (Sample 25) at Stellarton, both of
. which bglong to Acadia Coal Company, Limited. Both of these
shéles proved to be too non-uniform. Portions of each
bloated well while the remainder of the samples showed no
bloating under the same firing conditions.

. At Westville, samples were obtained of the waste
shale at the Drummond No, 1 and Drummond No., 2 mines which
are owned by the Intercolonial Coal Company, Limited, At
the Drummond No, 1 mine the waste is a light grey shale
(Samplei26) taken from both above and below the coal seam,
At the Drummond No. 2 mine the waste is black oil shale
(Sémpler27) obtained from above the coal seam, Bdth.méterials
proved to be too refractory and showed no appreciable bloating

or fusion when fired at 2400°F for 5 minutes.
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LOCATIONS, DESCRIPTIONS AND TEST RESULTS OF

CLAYS AND SHALES TN PRINCE EDWARD TSLAND

At the present time all the aggfegate used for con-
crete work on Prince Edward Island is imported from New
Brunswick and Nova Scotia.

The latest census figures place the population of
PrincevEdward Island at 97,787 and Charlottetown, the largest
centre, at 15,689, Some authorities estimate that this popula-
tion would support a commercial-sized rotary kiln aggregate |
plant with a daily capacity of 150 cubic yards only with diffi-
culty, unlessvthe neighbouring provinces of New Brunswick and
Nova Scotia supplied a sufficiently large additional market.

Prince Edward Island is underlain by red shale,
sandy shale and sandstone, probably of Permian age. Shallow
deposits of boulder clay and marine clay also occur widely.

In ordér to obtain preliminary information on the
firing qualities of the Island's red shale, six samples were
taken from two shale outcrops in the vicinity of Charlottetown.
None of these materials showed favourable prospects as coated
lightweight aggregate raw materials and further work would be
necessary to locate a sultable raw materiai. Two of the samples
tested proved to be good bloaters but had a narrow vitrification
range, while the remaining four were poor bloaters.

A description of the localities sampled and the lab-

oratory results is given below,
GALLOWS POINT
Gallows Point is on the east side of Hillsborough

Bay about 15 miles by road southeast of Charlottetown. On the
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west side of Gallows Point; red shale outerops in low cliffs,

a section of which was measured as follows:

Topsoil and reworked shale - 2 feet
Weathered red shale (Sample 2) - 5 feet
Hard red shale (Sample 1) - 4% feet

Reddish-brown sandstone to sea level

There appears to be a large amount of the shale
available apd overburden is very light. Further east of this
outerop, however, it is reported that thé shale is capped by

impure limestone and sandstone.

When tested in the stationary furnace both of these
samples showed poor bloating qualities. Rotary kiln tests

were not made.

LOBSTER POINT

Lébste; Point is on the north ého:é*qf_Hillsborough
Bay about four miles by road south of Charlottetown.

At this location about 40~f§etvof :ed sandy shale is
exposed in the shore cliff between two bedg of hard red sand-
stone. The beds afe gently dipping and.ﬁhe u@per sandstone
bed has been eroded away over a small area, A section of the
exposure measured from the point where the lower cbntact of
the upper sandstoné bed comes to the surface was noted as
follows:

Soft, red, sandy shale (Sample 3) - 10 feet

Hard red sandy shale (Sample 4) - 5 feet

Hard red sandy shale with narrow sandstone
beds (not included in sample)(Samples 5 & 6) - 26 feet
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The upper 15 feet of sandy shale represented by
Samples 3 and 4 proved to have poor bloating gualities and a
narrow vitrification range when tested in thé stationary
furnace. | |

The lower 26 feet of sandy shale bloated well in
the stationary furnace but also had a narrow vitrification
range., As a'qheck on these results Sample 5 was given a
rotary kiln tést. lThe product showed no volume expansion and
it was evident thaé the vitrification raﬁge was too narrow to.
allow satisfactory bloating below time-tempefature conditions

that caused serious sticking and agglomeration.
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