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INTRODUCTION

0il’ shale, ‘a ma jor potentlal source of both 11qu1d fuels and chemicals, is a
stratified or varved, highly consolidated, and nearly impervious organic-inorganic
complex. .The practically insoluble; organic. matter is distributed within the inter-
stitial pores of the varve's mineral mitrix. Each varve representing seasonal dep-
osition consists of two laminae, one of which is richer in organic matter than the
other. Bradley (1) reports that the thickness of the varves differs considerably,
0.014 millimeters in -the richest ‘oil shale to 9.8 millimeters in the fine-grained
sandstone, and that the average. thickness of the varves, .weighted according to the
quantity of each type.of rock in the formation, is about 0.18 millimeters. The pro-
portion of organic to’'mineral matter is not uniform throughout the formation; but
the composition of each phase.is relatively uniform. The changes in organic matter -
between varves may be gradual or it may be quite abrupt. When numerous laminae of
comparable organic content occur together, they form layers or beds of oil shales,
their thickness depends on-the number of times these comparable laminae reoccur.
Large variations in organic content frequently occur between contiguous beds or
those near to each other. Within "the Mahogany Zone (5), for example, there exists
i-foot beds which vary in oil yield from about 6 to 77 gallons of oil per ton as
shown in figure 1. The Mahogany Marker in this zone is a bed. of analcitized tuff
approximately 6-inches thick and it is used as a reference bed for correlating oil
shales from different locations. Figure 1 also shows how oil yield and weight-percent
organic matter are related. In several instances beds of comparable oil -yield or
organic content occur numerous. times, each at a different depth within the formation.

Because the otganic matter is not uniformly distributed, the Green River forma-
tion, in effect, encompasses many oil-shale beds. Each of these oil-shale beds is
characterized with its- 1nherent ratio. of organic to inorganic matter; physical struc-
ture, and phy51ca1 propertles.v The complex1ty of the oil shales w1th1n these beds
will impose difficult operatlonal englneerlng problems in shale-oil production by
either in situ or other retorting or conversion methods. Knowledge of the physical
and chemical nature of oil-shales and of their reactlon in a pyrolytlc environment

should help to resolve these problems.

Research,is-being directed toward ‘the study of the physical nature and behavior
in a thermal environment of the complex organic-inorganic system. Some characteris-
tics of the oil shale's physicdl structure have been evaluated by Tisot and Murphy
(6,7,8) on a 28.6- and a 75.0-gallon-per-ton oil shale. These include particle size
and particle-size distribution of the mineral constituents; surface area, pore struc-

ture, and pore volume of. the raw 011 shales and of their respective m1nera1 matrices;

and an estimate of the amount of organlc matter bonded either chemically or physlcally
to the mineral phase. :

The present study evaluates changes in physical properties and alterations in

structure which occur when oil shales of widely different organic content are heated
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under controlled conditions to 950°F. and to 1,500°F. in a stress-free environment.
A stress-free environment was selected because it was eanvisioned that mass frag-
mentation to induce permeability in oil shale would'likely result in a fragmented
mass with a high percentage of stress-free surfaces. Seven oil shales were selected
which assayed from 1 to about 60 gallons of oil per ton. This wide spectrum of oil
yield approximates the oil shales in the Mahogany Zone. Physical properties evalu-
ated were compressive strength, porosity, permeability, bulk density, weight loss,
and structural alteration. .

EXPERIMENTAL

Preparation of Samples

Seven o0il shales were selected from the Bureau of Mines experimental mine near
Rifle, Colorado. Their Fischer assays, to the nearest one-half gallon, were 1.0,
6.5, 13.5, 25,0, 30.0, 39.5, and 58.5 gallons per ton. Each sample, 2-inches thick,
was carefully selected to ensure that it was essentially homogenous with respect to
distribution of both the organic and mineral phases and that no induced fractures or
structural faults were observed at 12X magnification. Small cores, 3/4-inch diameter
by 1-1/4-inch long and 3/4-inch diameter by 1l-1/2-inch long, were prepared from each
oil shale. Some cores were cut with their axes perpendicular to the oil-shale's
bedding plane and others with their axes parallel to the bedding plane, Cores were
prepared in sufficient number to provide four to six samples for each physical
measurement determined on both the raw oil shales and their respective mineral
matrices following thermal treatment.

Removal of Organic Matter

Ten to 15 oil-shale cores, dried at 220°F., cooled, weighed, and covered with a
porcelain dish, were placed in an electric muffle at room temperature with a thermo-
couple placed near the center of the group. The temperature was raised in 50-degree
increments every 2 hours to 700°F, where degradation of the organic matter became
appreciable. Four hours later the temperature was raised to 750°F. and maintained
for 12 hours. Degradation of the organic matter appeared complete; however, with
most oil shales the cores under these conditions were encrusted with carbonaceous
matter. With the cover removed heating was continued by increasing the temperature
in 50-degree increments every 2 hours to 950°F. This temperature was maintained for
3 hours. Carbonaceous matter that remained after pyrolysis was oxidized and com-
pletely removed throughout the oil-shale cores without significant loss of mineral
carbonates. According to Jukkola and others (2) the dolomite in oil shale begins to
decompose somewhat below 1,050°F. while the calcite begins to decompose from 1,150°
to. 1,200°F. The thermal treatment at 950°F. resulted in organic-free cores.

Decomposition of Mineral Carbonates
Some organic-free cores were returned to the electric muffle to thermally decom-
pose the mineral carbonates. They were heated to 1,000°F. in approximately 6 hours
and then further heated in 100-degree increments every 3 hours to 1,500°F and main-
tained at this temperature for 3 hours. This treatment converted the mineral
carbonates in the organic-free cores to their respective mineral oxides. Fusion
among the mineral particles was not evident. ’ - g

Chemical Removal of Carbonates

The mineral carbonates were chemically removed from some of ‘the organic-free
cores of the 1.0-, 6.5-, and 13.5-gallon-per-ton oil shales heated to 950°F. In
these oil shales inorgahic cementation between the mineral particles after removing
the organic matter was sufficient ro prevent significant structural breakdown of the
mineral ‘matrices. .The orggnicrfreé cores were contacted with'diIute'mineral acid
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until the mineral carbonates were completely removed. Permeability, porosity, and
weight loss were compared with those of the cores that had the mineral carbonates ‘
decomposed at 1,500°F.

. Physical Property Measurements

Compressive Strength : N '

Compressive strength, in pounds per square inch, was determined in accordance
with ASTM Designation: C170-50. Oil-shale cores 3/4-inch diameter by 1-1/2-inch
long were used for this test. Using a Tinus Olsenl hydraulic compression tester,
force was applied to the core at a uniform rate until structural failure occurred,

Bulk Volume
Bulk volume in cubic centimeters was determined by mercury displacement in a
U-type pychnometer calibrated to give direct readings (4). Prior to measuring bulk
volume, the surface roughness left by the core drill was removed to ensure mercury
contact with the core's surface.
Gas Permeability
Permeability was measured across the core with a gas permeameter according to
the method of Klinkenberg (3) using helium at a pressure of 3 atmospheres for 1
minute. :
Porosity
Sand-grain volume of the core, in cubic centimeters, was measured with a Boyle's-
law type porosimeter. The core's porosity was calculated from bulk-volume and sand-

grain-volume data.

RESULTS AND DISCUSSION

~

Structural Alterations

Structural alterations incurred by the seven oil shales heated to 950° and 1,500°
in a stress-free environment are illustrated in figure 2. Figure 2-A shows the raw
oil shales, figures 2-B and 2-C the oil shales heated to 950°F., and figures 2-D and
2-E those heated to 1,500°F.

The mineral matrices from the two low-yield oil shales did not undergo notice- ‘
able structural breakdown at either temperature. They were characterized as free of
fractures, and they maintained dimensional stability and a high degree of inorganic
cementation between both the individual mineral particles and between laminae.

Structural breakdown of the mineral phase began in oil shales of relatively low
organic content. A few minute fractures, parallel to the bedding plane, were observed
at 400°F. in the 13.5-gallon-per-ton oil shale, a temperature much below that neces-
sary for rapid degradation, 800° to 900°F., of the organic matter. At 950°F. some
fractures, all parallel to the bedding plane, completely severed the cores. These
were clean separations between laminae indicating that the mineral particles consti-
tuting each lamina were more highly cemented to each other than they were to the
mineral particles of adjacent laminae. Some of the mineral laminae were less. than
100 microns thick. 1In some sections of the organic-free cores, successive laminae
could be cleaved by application of pressure perpendicular to the bedding plane.

1/ Reference to specific makes or models of equipment is made to fagilitate under-
standing and does not imply endorsement of such brands by the Bureau of Mines.
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FIGURE 2. - Structural alterations of oil shales in a thermally
controlled and stress-free environment. A, Raw oil
shales; B-C, 0il shales heated to 950°F; D-E, 0il
shales heated to 1,500°F.
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However, the mineral matrix was still considered as being highly consolidated, and
no evidence of friable material was observed.

The cores from the 25.0-gallon-per-ton oil shale developed a few small fractures
parallel to the bedding plane at 400° to 450°F. Apparently inorganic cementation
ibetween some laminae was insufficient to overcome internal forces probably due to

"relief of internal stress, swelling, or pressure created by low-molecular-weight

‘materials vaporizing. At 400°F. a pleasant odor was noted indicating escape of
organic compounds. With temperature rise, to about 700°F., the existing fractures
enlarged and additional ones developed, including some minute fractures perpendicula:
to the bedding plane. No extensive new fractures developed above 700°F. Low-tem-
perature fracturing permitted access by gases to the core's interior prior to pyrol-
ysis. The organic-free cores contained some friable segments indicating that
disintegration of the mineral phase had begun. Decomposition of the mineral carbon~
ates at 1,500°F. did not significantly change the outward appearance of the cores
from that at 950°F. though the loss in weight amounted to 21.2 percent.

ks

{

Behavior of the 30.0-gallon-per-ton oil shale was quite similar to the preceed-
ing oil shale under corresponding thermal conditions. Fractures parallel to the
bedding plane were observed at 350°F. As temperature increased the fractures became ’
larger and more numerous including some small fractures perpendicular to the bedding |
plane. Essentially all fractures occurred before any appreciable pyrolysis of the
organic matter. Disintegration of the cores was more extensive than the ones from
the previous 0il shales along with a greater amount of friable material. The extent
of fracturing did not noticeably change in heating the cores from 950° to 1,500°F.,

Many fractures, predominantly parallel to the bedding plane, were noted at 350° °
to 450°F. in the 39.5- and 58.5-gallon-per-ton oil shales. The richest oil shale as
noted in figure 2 also exhibited extensive swelling. This occurred below 700°F.

Some oil shales yielding less than 58.5 gallons per ton will also show considerabie
swelling if heated rapidly. Because of fracturing and swelling great loss of mechan-
ical strength resulted at preretorting temperatures. A low level of inorganic '
cementation existed between the mineral particles of these oil shales. Among many

of the mineral particles inorganic cementation may have been completely absent as 4
these mineral particles likely were encapsulated by organic matter. The carbonaceous
matter that remained after retorting served as a bondirng agent for many of the fine
mineral particles and it also imparted some mechanical strength to the mineral matri:
However, after the carbonaceous matter was removed by oxidation, the remaining miner-
phase was highly friable.
) The combination of fracturing and swelling that occurs as prere{oriiitg tempo¥a-
_tures should be an asset in oil production from an in situ fragmented mass of oil
.shale. Fracturing and swelling provide easy access for hot gases to the interior of
an oil-shale fragment, a more efficient method for heat transfer than conduction.
Conversely, fracturing and swelling appear to have undesirable features: (1) Obstrur
tion or blocking of the initial induced permeability of a fractured oil-shale mass,
(2) insufficient mechanical strength in the organic-free mineral matrix from rich
oil shales to sustain high overburden pressures, (3) filtering action of the porous
organic-free mineral matrix to moving solid particles could adversely effect perme-
ability, and (4) entrainment of the fine solid particles in the oil.

o~

Weight Loss . .

Weight Loss at 950°F.

The loss in weight of each oil shale after heating to 950°F. as a function of
its oil yield is shown in figure 3. These losses were due mainly to volatilization
of organic matter and subsequent oxidation of the carbonaceous matter'that remaiged
after pyrolysis. From Fischer assay analyses, in gallons of oil per ton, the weight




——

35

~n
(=]

wm

WEIGHT LOSS, percent -

o

25

1 1 1 1 N SR |
0 {0 20 . 3 40 . 50 60 -
OIL YIELD, gollons per ton [Fischer ossay) )

FIGURE 3.-Weight Loss in Oil Shales Heated to 950°F

- _ RRs-829



132

loss for oil shales from the Green River formation may be determined from the graphl
or calculated by the least square equation

Y = 0.95+ 0.58X £ 0.90
with an error of estimate of 0.90 weight percent at the 95 percent confidence level.
Weight Loss at 1,500°F.

Weight loss of each oil shale after heating to 1,500°F. is presented in table 1
For purpose of comparison the weight loss at 950°F. is included. At 1,500°F. the

TABLE 1. - Weight loss in oil shales_heated to 950° and 1,500°F.

N
0il yield, Weight percent loss Weight percent loss
gal/ton at 1,500°F, at 950°F,
1.0 9.39 i 1.85
6.5 18.78 4,83
13.5 20.28 ' . 8.11
25.0 37.39 15.64
30.0 - 33.56 17.81
39.5 43.92 ] 24,03
58.5 45.62 34,93

¢

weight loss is attributed mainly to the loss of the organic matter combined with the
loss resulting from converting the mineral carbonates to their oxides. As noted in
thie table, the weight loss at 1,500°F, in oil shales exceeding 13.5 gallons of oil
per ton represented a high percentage of each oil shale's initial weight. The weigh
loss at 1,500°F. did not plot.as a straight line because there was no direct correla
tion in these oil shales between the content of organic matter and that of the miner.

carbonates. (4
f

Porosity

Porosity of Raw 0il Shales

Measured porosities of the raw oil shales are shown in figure 4. As noted, the
twe low-yicld oil shales had appreciable iniiial porusity.- Assuming that the weight
loss after heating to 950°F. was due to organic matter, the volume that this amount’
of organic matter would occupy was calculated from its specific density. Deducting
this volume from the total porosity measured at 950°F, indicated that essentially al’
of the internal porosity in each of these two oil shales was accessible through
interconnecting pores. :

In oil shales yielding over 13.5 gallons of oil per ton the porosities were low
less than 0.03 percent. Previous work (6) on two oil shales has shown the absence
of significant micropore volume even though they were finely divided, 44- to 77-
microns, to permit exposure of internal pores. Except for the two low-yield oil
shales, natufal-occurring porosities in the raw oil shales are negligible and thus
do not afford accessibility to gases. Porosity may exist to some degree in the oil-
shale formation where fractures, faults, or other structural defects occur.

Porosity After Heating to 950°F.
Increase in porosity for each o0il shale heated to 950°F. is shown in figure.5.

The porosities are plotted as a function of both oil yield and weight bercent organic’

&
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matter. These porosities which varied from 3 to 61 volume percent of the oil shales'’
bulk volume represented essentially the volumes occupied by the organic matter. In
the first three oil shales structural breakdown of the cores was insignificant and
the porosities are those of intact porous structures. However, in the remaining oil
shales this is not the case because structural breakdown and disaggregation became so

extensive, especially in the richer oil shales, that the mineral matrices no longer
remained intact. '

From an oil shale's oil yield or weight percent organic matter, its porosity
may be read from the graph: Based on oil yield, porosity may be calculated from the
least square equation

Y = 3,70 + 1.02X + 3.74
with an error of estimate of 3.74 percent porosity at the 95 percent confidence limit.
Porosity of Acid-Leached Cores

The porosities of the organic-free cores from the 1.0-, 6.5-, and 13.5-gallon-
per-ton oil shales were greatly increased after chemically removing the mineral carbon-
ates. The respective porosities were 13.36, 14.70, and 19.09 prior to leaching, and
they increased to 30.50, 39.39, and 42.90 percent after leaching. Even after these
high increases in porosity their gas permeabilities perpendicular to the oil shale's
bedding plane were less than 3 milliddrcies. "The respective weight losses prior to

~acid leaching were 1.85, 4.83, and 8.11, and they increased to 24.65, 36.52, and

38.10 percent.after leaching. After acid léaching the mineral matrices from the
first two "oil shales still retained their geometric configuration and considerable
mechanical strength. ' This indicated that other inorganic compounds besides the car-
bonates contributed to cementation between mineral particles and between laminae.

In the 13.5-gallon-per-ton oil ‘shale, acid leaching greatly diminished the degree of
cementation between laminae. In many instances complete separation of individual
thin mineral laminae occurred; however, the mineral particles constituting each
lamina were not considered friable.

Porosity Due to Thermal Decomposition of Mineral Carbonates

Thermal decomposition of the mineral carbonates at 1,500°F. resulted in an
increase 'in porosity as shown in figure 6. The amount of mineral carbonates in the
raw oil shales was determined by wet chemical analysis. As noted from the graph an
appreciable increase in porosity resulted after decomposing the mineral carbonates.
From the mineral carbonate content of an oil shale, the increase in its porosity over
that at 950°F. may be read from the graph or calculated by the least, square equation

Y = 2.21 + 0.65X + 1.20
with an error of estimate:of 1.20 percent porosity at the 95 percent confidence limit.
Porosity After Heating to 1,500°F.

Total increase in porosity after heating the oil shales to 1,500°F. are shown
in figure 7. The increases in porosity varied from 2.82 to 70.54 percent of their
initial bulk volumes. These porosities constitute essentially the combined void
spaces represented by the loss of the organic matter and the decomposition of the
mineral carbonates. From weight loss at 1,500°F., the resulting porosity may be read
from the graph or calculated from the least square equation

Y = - 0,35+ 1.49X + 4.88

with an error of estimate of 4.88 percent porosity at the 95 percent ﬁonfidence level.
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Compressive Strength

Compressive strengths of the seven oil shales and of their respective mineral
matrices heated to 950° and to 1,500°F. are shown in figure 8. Compressive strengths
are shown for the cores cut with their axes perpendicular and those with their axes
parallel to the oil shale's bedding planes. Each point on the graph represents the
average compressive strength of four to six samples.

Compressive Strength of Raw Oil Shales

The raw oil shales had high compressive strengths both perpendicular and parallel
to the bedding plane. They varied from 9,000 to 31,000 and 9,000 to 28,400 pounds
per square inch in the respective planes. These values were much higher than expected.
However, the difference between the: two planes in any one oil shale was smaller than
expected. - The greatest difference between planes was 3,200 pounds per square inch
in the 13.5-gallon-per-ton oil shale. Two of the oil shales exhibited higher com-
pressive strength parallel to the bedding plane which was also not expected.

Application of force at a uniform rate on the oil shales yielding less than 30
gallons of oil per ton resulted in corresponding uniform pressure rise without appar-
ent yield until-structural failure occurred. This was accompanied by considerable
shattering and noise. In contrast, pressure rise in the other oil shales was not
uniform throughout the test. It became progressively slower at the higher pressures
and completely stopped for some time prior to the core's structural failure. This
was indicative of compression or plastic deformation. Most of these cores failed
without shattering or significant noise. '

Compressive Strength After Heating to 950°F.

" The mineral matrices of the three low-yield 0il shales heated to 950°F. retained
high compressive strength in both planes. They varied from 13,300 to 28,000 pounds
per square inch in the perpendicular plane and 6,200 to 26,200 pounds per square
inch in the parallel plane. This indicated that a high degree of inorganic cemen-
tation existed between both the mineral particles comprising each lamina and between
adjacent laminae.  With increase in organic matter the compressive strength of the !
respective organic-free mineral matrices decreases and it becomes very low in those
from rich oil shales. As noted in figure 8, the compressive strength of the mineral
matrix from the 58.5- gallon per-ton oil shale was only 20 pounds per square inch in
both planes.

Compressive Strength After Heating to 1,500°F.

After thermally decomposing the mineral carbonates at 1,500°F., the three low-
yield oil shales still retained high compressive strength. They varied from 10,500
to 15,000 pounds per square inch in the perpendicular plane and 3,700 to 14,900 in
the parallel plane. The high compressive strength retained by these mineral matrices
indicated that the inorganic cementing material which bonded both the mineral par-
ticles within each lamina and between laminae was not greatly effected at this tem-
perature. Except for the two richest oil shales, compressive strengths were lower
at 1,500° than at 950°F. Slight fusion may have occurred in the mineral matrices
from these two oil shales.

Gas Permeability

Gas permeabilities are presented in table 2 for the three low-yield oil shales
and for their respective mineral matrices heated to 950° and 1,'500°F. including the
mineral matrices that were acid leached after heating to 950°F. Permeability,
either perpendicular or parallel to the bedding planes, was not detected in any of
the seven raw oil shales at a pressure differential across the cores qf 3 atmospheres
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TABLE 2. - Gas permeabilities of raw and treated oil shalesl/
) ] 0il shale
0il yield, Heated to Heated to . Heated to 950°F.
gal/ton Plane __Raw 950 °F . 1,500°F. .and acid leached
1.0 %5 0 L 0.10 0.36 . 0.33
B2 v 0 0.10 0.56 0.59
6.5 A 0 0.10 ©0.21 - 0.39
B 0 0.10 : 0.65 ‘ 1.48
13.5 © A 0 0.10 4.53 2.82
B 0 . 0.62 8

.02 -

1/ Units in millidarcies.

2/ Perpendicular to the beddlng plane

3/ Parallel to the bedding plane.

of helium for 1 mlnute. ‘Unless fractures, faults, or other structural defects are
present, oil shale constitutes a highly 1mperv10us system.

Gas permeability was low in both planes of the mineral matrices from the three
low-yield oil shales heated to 950° and 1,500°F. The highest permeability measured
was 8.02 millidarcies. This was in the mlneral matrix from the 13.5- gallon per-ton
0il shale cored parallel to the bedding plane and heated to 1,500°F. Minute fractures
may have contributed to its permeability.

" Though porosity had more than doubled after acid leaching the mineral matrices
from the three low-yield oil shales heated at 950°F., permeability was not greatly
increased. In fact, an increase in porosity from 19.09 to 42.90 percent in the 13.5-
gallon-per-ton oil shale decreased its permeability from 4.52 to 2.82 millidarcies.
This may be attributed to acid-insoluble particles set free during acid leaching.
These free particles, in turn, could block interconnecting pores under gas pressure.

Structural breakdown of the mineral matrices in:all oil 'shales that exceeded
13.5 gallons of oil per ton precluded permeability measurements. Extensive struc-
tural breakdown that occurs in many oil shales at preretorting temperatures should
be an asset in that hot gases are permitted access to the interior of oil-shale
fragments. :

Bulk Density

The’ bulk densities of the seven oil shales and of their mineral matrices heated
to 950° and 1,500°F. are shown in figure 9. Bulk densities varied from 2.396 to
1.757 in the-raw oil shales, 2. 277 to 1.142 in the mlneral matrices heated to 950°F.
and 2.078 to 0.972 in those heated' to 1,500%F.

: bdNCLUSIONé

This study extends our knowlque of changes in physxcal properties that occur
among oil/ fshalé§ of different organic content after controlled heating to 950° and
1,500°F. in a stress-free environment. The physical properties evaluated, compres-
sive strength, porosity, permeability, weight loss, bulk density, and structural
deformation, are significant to processing. The wide differences in many of these
properties result principally from the oil shales' different organic contents. With
increase in organic content, the inorganic cementation between mineral particles
decreases yielding organic-free mineral matrices of significantly dlfferent physical
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properties and structural deformation. Some physical changes appear to be assets in
shale-oil production; however, -on the contrary the same changes seem to have undesir-
able features which w111 probably impose difficult engineering problems on an in situ
operation . : o . .

The data presented serve as guldelines permitting a more knowledgeable appraisal
of "engineering problems assoeiated with-in situ processing and permitting a better
concept of physical and’ chemical changes that occur in a mass of fragmented oil shale
as it is retorted R :

The observations from this’ investigation are based on small samples of oil shale.
Additional information more nearly representative of actual field conditions, would
be desirable to supplement ‘these findings and thus establish more realistic concepts.
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_ MEMBERSHIP IN THE DIVISION OF FUEL CHEMISTRY

The Fuel Chemistry Division of the American Chemical Society is an internation-
ally recognized forum for scientists, engineers and technical economists con-
cerned with the comrer;ibn of fuels to energy, chemicals, or other forms of fuel.
Its "interests center on the chemical problems, but definitely include the t
engineering and economic aspects as well. .

Any chemist, chemical engineer, geologist, technical economist, or other
scientists concerned with either the conventional fossil fuels, or the new high-
energy fuels--whether he be in government, industry or independent professional
organizations--would benefit grea.tly from participation in the program of the
Fuel Chemistry Division.

The Fuel Chemistry Division offers at least two anmual programs of symposia and
general papers, extending over several days, usually at National Meetings of the 5
American Chemical Society. These include the results of research, development,

and analysis in the many fields relating to fuels which are so vital in today's
energy-dependent economy. Members of the Division have the opportunity to present -
‘papers of their own, or participate in discussions with experts in their field.

Most important, the Fuel Chemistry Division provides a permanent record of all of
" this material in the form of complete preprints.

Starting in September 1959, the biennial Fuel Cell Symposia of the Division have
been the most important technical meetings for chemists and chemical engineers

active in this field. These symposia have all been published in book form., The
recent landmark symposium on Advanced Propellant Chemistry is to be published in
book form also, Further, the Division 1s strengthening its coverage of areas of

amd cemda Sy +15 ~d relataed arcas
alr and waler y\l.&.‘.uu.&vu, gasification, and related arcas.

In addition to receiving several volumes of preprints, each year, as well as :
regular news of Division a.ct:urltles benefits of membership include: (1) Reduced
subscription rates for "Fuel” and ' Combustlon and Flame,” (2) Reduced rates for
volumes in the "Advances in Chemistry Series" based on Division symposia,-and

(3) The receipt card sent in acknowledgment of Division dues is good for $1.00
toward a complete set-of abstracts of all papers presented at each of the National
Meetings,’

To join the Fuel Chemistry Division as a regular member, one must also be or
become a member of the American Chemical Society. Those not eligible for ACS
membership because they are not practicing scientists, engineers or technical
economists in areas related to chemistry, can become Division Affiliates. They -
receive all benefits of a regular member except that they cannot vote, hold office
or present other than invited papers. Affiliate membership is of particular value:
to those in the informational and library sciences who must maintain awareness of
the fuel area. Non ACS scientists active in the fuel area and living outside of
the United States are invited also to become Division Affilistes.

Membership in the Fuel Chemistry Division costs only $4 per year, or $11 for three
years, in addition to ACS membership. The cost for a Division Affiliate, without
Joining ACS, is $10 per ‘year. For further information, write to:

Dr. Frank Rusinko, Jr., Secretary-Treasurer
ACS Division of Fuel Chemistry

¢/o Speer Carbon Company

St. Marys, Pennsylvania 15857

Telephone: 814-834- 2801




RECENT FUEL DIVISION SYMPOSIA

Title . Presented’At

Symposium on Gas Generation Philadelphia, Pa.
General Papers April, 196k

Symposium on Chemical Fhenomena in Plasmas Philadelphia, Pa.
Symposium on Kinetics and Mechanisms of April, 1964
High Temperature Reactions

Symposium on Pyrolysis and Carbonization of Coal Chicago, Illinois
Symposium on Mineral Matter in Coal August, 196k

Symposium on Advanced Propellant Chemistry* Detroit, Michigan
April, 1965

Symposium on Fuel and Energy Economics Detroit, Mlchlgan
General Papers Aprll 1555

Symposium on Hydrocarbon-Air Fuel Cells¥¥ Atlantic City, N, J.
September, 1965

Symposium on Coatings Based on Bituminous Atlantic City, N. J.
Materials September, 1965 -
General Papers

1l Symposium on Fossil Fuels and Environmental Pittsburgh, Pa.
Pollution March, 1966
Joint with the Division of Water, Air, and
Waste Chemistry ;

‘0l. 10, No. 2 Symposium on Pyrolysis Reactions of Fossil Fuels Pittsburgh, Pa.
. Joint with the Division of Petroleum Chemistry March, 1966

f * To be published by Advances in Chemistry.
. ¥ Published by Academic Press, Inc,

|

.
é?m051um on Chemical Reactions in Electrical Discharges Miami Beach, Fla.

‘Joint with Division of Physical Chemistry April, 1967
iBernard D. Blaustein, Chairman

PROJECTED PROGRAMS

psium on Electrochemical Reactions in Solution Miami Beach, Fla.
ral Papers April, 1967
int with Divisions of Physical Chemistry and Analytical

i Chemistry and in cooperation with Electrochemical Society

?Ernest Yeager, Chairman

p051um on Detonations and Reactions in Shock Waves Chicago, I1linois
J01nt Wwith Division of Physical Chemistry September, 1967
!R ‘W. Van Dolah, Chairman

@ppbsium on Advances in Spectrometry of Fuels and Chicago, Illinois
‘Related Materials September, 1967
‘Joint with Division of Analytical Chemistry

‘R. A. Friedel, Chairman

Y

iymposium on Fuel Cell Technology Chicago, Illinois

~'B. S. Baker, Chairman September, 1967
f fmposium on 0il Shale Chicago, Illinois
Jemes H. Gary, Chairman (Tentative; may be Spring 1968) Septenber, 1967

peral Papers Chicago, Illinois
: ITVlnF Wender, Program Chairman September, 1967




