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FOREWORD

The papers contained in this bulletin have been prepared by Dr. H. I, .

Olin, Professor of Chemical Engineering, State University of Towa, and by
Dr, James H, Lees, Assistant State (feologist. The papers writien by Doc-
tor Otin deal with the following subjects: “Some Aspects of the Towa Coal
Problem,” “Analyses of Iowa Cosls,” “Comparative Studies in Towa Coal
Storage,” “Weathering of Iowa Coals,” “Washing Studies in Towa Coals,”
and “Coking of Iowa Coals.” The paper by Doctor Lees has as its subject
“The Geology of Iowa Coals.”
In the paper “Some Aspects of the Iowa Coal Problem,” Doctor Olin re-
+ views the various trends in fuel consumption and economy that have forced
a crigis in the coal mining industry in the entire country as well as in
Iowa, in particular the rapidly increasing substitution of petroleum and
natural gas for coal. To save for the local industry a fair share of the
business that remains against the keen competition of out-of-state pro-
" ducers, Doctor Olin urges the necessity of scientific study of the native
coals, If only to refute the false propaganda spread, in a measure, by self-
interested agencies and to help restore confidence in fuels that have many
virtues as well as faults.

In “Comparative Studies in Iowa Coal Storage” is described a series of
tests designed to measure the rate of heating of Iowa coals In storage,
particularly in comparison with western Kentucky coals under similar
conditions. New methods were devised for cohserving change of tempera-
ture and for checking oxidation by liberation of carbon dioxide. Within
the limits of the tests Jowa coals showed less tendency to heat than those
from‘ Kentucky.

In “Washing Siudies in Iowa Coals” are given resulis of analytical
studies on the possibilities of agh and sulfur elimination through washing
processes. Great improvement of quality is possible in most of the cases
observed and in eertain cases there is promise of commereial success for
washing operations.

“Weathering Tests of Towa Coals” is concerned with a new method for
measuring resistance of the coals to breakage in handling and storage.
Contrary io popular opinion it appears from comparative tests on Iowa
coals and a number from various sections of Illinois that the former have
as firm a structure as the latter with the exception of those from the ex.
treme south of Illinois within the zone of the sc-called Ozark uplift.

In “Ceking of Yowa Coals” is a report on carbonization studies made to
determine coking tendencies and possibilities. Although Towa coals have
long been considered noncoking in character we have shown that under
the proper conditions cokes of moderately firm structure can be obtained
from them,

Doctor Lees in his paper discusses the factors that affect the characters

of different coals, the general conditions of coal formation, and the particu-
lar conditions under which Iowa coals were formed. e has also de-
geribed briefly the character of the Coal Measures strata and has given some
data regarding coal mining in Yowa. The study seems to indicate that
Iowa has enough coal to last many years in the future and that all of this
coal lies within the limits of economical mining.

A report, “Analyses of Iowa Coals,” by Doctor Olin and Doctor Lees,
part of which is republished as the second paper of this series, was distrib-
uted by our Survey in 1929,

Respectfully submitied,

Guorar F. Kav, State Geologist.

SOME ASPECQTS OF THE IOWA GOAL'PROBLEM
H. L. Onin

Professor of Chemieal Engineering, University of Iowa

In common with the producers of coal in many other states of the
TUnion and of foreign eountries as well, the operators of Towa have suffered
a sharp loss in tonnage output sinee the high peak of the War period. The
rise and decline of this major industry that has inereased the wealth of
the state of Jowa alone by more than a billion dollars since its beginnings
in 1840 aré strikingly shown by the index curves of Figure 1 wherein pro-
duction at a given time is plotfed as percentage of average tonnage put
out over an initial time interval, in this case the period 1510-1914. These
plois of operations in Indiana, Ilineis, Towa, West Virginia and Kentucky
indieate that in all but the last two states named, where Iabor is largely non-
unjon, production has either dropped severely in the last decade or has
failed to maintain the normal increase to be expected with growth of popu-
lation and expansion of industry. In other words, the coal industry as a
whole ig ailing, if not actually ill. '

For the proper interpretation of these statistical facts, which super-
ficiatly seem to indicate that the general demand for fuel energy is dimin-
ishing, two highly significant trends in fuel consumption must be consid-
ered. Briefly stated the first is the moderate but steady imaprovement in the
efficiency of steam power plants which makes possible the production of
more and more energy from a given weight of coal and the other is the
actual and potential competition of other forms of fuel in all the flelds of
power generation and heating. We are indebied to Mr. F. G. Tryon, Sta-
tistician of the Bureau of Mines, for an admirable review of fhe irend of
coal demands, adapted from an address delivered at the Carnegie Institute
of Technology and published in the Department of Commerce Bulletin
“Coal in 1926” and acknowledgment is here made to him for some striking
illugtrations and figures that follow in support of the statement made
above,

As an example of improvement in power generation he cites the old at-
mospheric engine which consumed 30 pounds of coal per horsepower hour.
Watt with his steam engine reduced combustion to 10 and theén to 6
pounds. In 1820 the Savannah, the first ship to cross the ocean under
steam, burned about 10 pounds but in 1907 the Lusifanic was using only
1.4 pounds per unit. Tryon points out moreover that while this 86 per
cent reduction required 87 years for accomplishment the public power
utilities have, by reducing consumpiion from 2.4 pounds in 1819 to 1.46
pounds in 1926, crammed a decrease of 39 per cent into the space of seven
years.
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In locomotive performance on Clags I railroads the consumption of coal
per thousand gross ton-miles was 176 pounds in 1917 and 137 pounds in
1926, a decrease of 22 per cent. Indeed the Union Pacific has a new loco-
motive that has been running on 70 pounds although this has been possible
only under the specially favorable conditions of heavy irains and long
hauls and should nof be taken as indicative of normal rail performance,
Similarly the consumption per passenger-train ear-mile was 19.4 pounds in

© 1917 and 15.8 pounds in 1928, a decrease of 19 per cent. In 1917 the pro-

duction of a ton of pig iron required 3,524 pounds of coking coal; in 1926 °
15 per cent iess or 3,004 pounds only were used, nor does this saving in-
clude the value of gas, tar and light oils recovered as by-products from the
modern coke oven which has largely superseded the old bee-hive type, and
which replaces an equivalent amount of eoal. There is furthermore a
steady improvement in the power plant of the private manufacturing es-
tablishment, which is being brought about as in the ease of the public
utility by more or less drastic revamping of equipment and by the appli-
cation of modern combustion prineiples and scientific control. With the
rapid spread of super-power systems with their eniacing network of lines,
the inefficient plant, public or private, will soon be as obsclete as the
horse and buggy.

It does not follow of course that this rapid rate of improvement in fuel
efficiency will continue indefinitely. There are practical limits beyond
which economy cannot go; points where the capital cost of saving a given
amount of fuel equals the value of the fuel saved and some of the indus-
tries are perhaps approaching that situation. However, one more trend
which is at present only in ifs initial stage should be considered before
leaving this subject. 'The heating of dwellings, which abzorbs nearly one-
fiftth of the coal output, has doubtless far to go bhefore it is perfect from
the standpoint of either furnace design or combustion efficiency. But
what promises to be the most significant advance in economy in this field
comes from the rapidly increasing use of insulating materials in building
congtruction, which in cuiting down wali radiation wili at the same time
reduce fuel demands. The rapid expansion in the manufacture of insulat-
ing lumbers which is one of the significant movements in modern indus-
try may be gauged from figures furnished by a leading corporation in
that business, From an output of 18,300,000 square feet in 1922 {hey went
to 332,600,000 in 19295 and are now preparing for still greater production.
Many types and gualifies are being put on the market, made from materials
ranging from gypsum and lumber wasies to sugar cane bagasse and the
cornstalk. It is fair to assume that little home building of the future
will fail to take advantage of the comfort and protection which these
fabrics provide and which according to reliable estimates make pogsible a
reduection of coal consumption by 30 per cent or more. ‘

The second significant trend as noted above, viz. the competition of other
types of fuels, adds more than the other, perhaps, to the acuteness of the
present coal situation. Referring again te Tryon’s figures, we see that so
late as 1913 the relative contributions of the two great sources of energy,
coal and petroleum (including gas}, to the total needs of the country, were
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87 per cent and 13 per cent, respectively, calculated of course to equivalent

units. Of the total for coal the bituminous fields furnished 73 per cent. In

1928 this proportion had shifted to 67 per cent for coal and 33 per cent
for oil and gas, with only 57 per cent of the total supplied from
bituminous sources. These fisures speak with an eloquence that mere
words fail to reach, )

To accelerate this change in status great trunk lines are even now

" bringing natural gas from the vast fields of Texas and Oklahoma east to
Memphis and Birmingham and Atlanta, and north to the industrial cen-
ters of Omaha, Kansas City and St. Louis. Extension of this service
across Iowa, where it will bid for domestic and other heating markets, is in
Immediate prospect. Indeed McBride,®* a leading fuel expert, says, “It is
probably not teo much of a generaiization to say that natural gas will re-
place substantially all manufactured-gas supply in the area west of the
Mississippi and south of the Ohio, and even in the northeastern territory
manufactured gas is threatened with replacement by the gascous by-
produets of the petroleum refinery.”” In thls connection, however, 1t must
be noted that much of this natural gas will probably be used to enrich the
blue water gas made from ceal or coke, to produce a mixture satisfactory
for domestic or industrial use.

In this brief summation of the status of coal production and of the
forces that are shaping it, we have used facts and figures that may be veri-
fled from accessible statigtics, We have purposely avolded a discussion of
controversial questions such as those of erganized labor versus open shop,
railroad rates, both inter and intrastate, and many others that profoundly
affect the welfare of the industry. As a coal technologist the writer firmly
believes that our coal reserves constifute a permanent line of defense to
which the world must ultimately refreat when all the tore temporary
subgtitutes are exhausted; not indeed bhack te the raw fuel but to it con-
version produets of oif and gas. When that time shall be he does not ven-

ture even to guess. The large scale production of fuel gas through com- |

plete gasification of coal may be nearer attainment than many of us sup-
" pose, But meanwhile the eoal industry must set lts house in order and
male the adjustments necessary to meet the new situations brought sbout
by the inevitable march of progress. The prospeet is darlk enough, but
nothing ean be gained by suppression of facts or by refusal to recoghnize
them.

80 much for the subject in general. What is sald of coal produetion
as a whole applies equally well to conditions in Yowa. But there is ancther
factor that is intangibie yet real, one on which no statisties can throw
light because it eannot be measured by statistical methods. I refer to a
mental attitude of disfavor toward Iowa coal shared by many of the

eitizens of the state who have never used it, a prejudice based partly upon

lack of definite scientific information concerning its gualities and largely,
perhaps, upon premeditated propaganda launched by agenecies outside or
inside the state with selfish ends in view. This more or less pessimistic

#¥Chemical and Metailurgical Engineering, January, 1930, page 37.
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impression of what Iowa coal is and what it can do is often a strange mix-
ture of fact and fiction, of personal experience on the one hand and of
hearsay gossip passed from lip to iip on the octher, The writer has re-
peatedly been asked in all seriousness by intellizent persons whether
Iowa coal can possibly be burned for domestic heating, or whether it will
not fire spontaneocusly in the bin, or slack down to dust or jump the track
in some other way in utter violation of all the rules, including those of
the Big Ten,

Now in ihis era when even time and space are relative terms it iz diffi-
cult indeed to meet such inguiries with a categorical answer. It should be
noted that what is known as "Iowa coal” comes from more than 200 mines
scattered over a wide area and belonging geologically to at least three dif-
ferent beds, the Lower Cherokee, the Mystic and the Nodaway. Unfortun-
ately these beds (with the exception of the Mystic) are in the main dis
continuons so that a mine in any given area often bears little relation physi-
cally or chemiecally to those near by, Considering in addition the differ-
ences in methods of mining and of coal preparation it may be readily seen
that these fuels as a whole come to market with anything but uniform
quality, end it is not surprising, therefore, that character witnesses in tes
tifying for or against them may differ in their opinions on this matter as
widely as in their polities or religion. In the absence of much systematic
selentific data, perhaps the best answer to general questions concerning
quality of Towa coals is that, Hke those of Illinois, Indiana and western
Kentucky, they may be classified as high-volatile bituminous ; that among
them are many of superior quality as measured by the standards of their
clags and by eomparlson with those of neighboring states, and others not so
good; that probably all would make highly satisfactory fuels if adequately
prepared at the mine and burned in properly designed furnaces.

On the basis of chemical analysis it appears that a grand average of 52
samples from different mines of Towa falls Iittle bhehind the mean of 36
Illinols coals collected over the entire state. We quote from Iowa CGeo-
logical Survey Technical Paper No. 1, “Analyses of Iowa Coals,” published
in 1929:

Comparative Data on lowa and IHinois Coals: Mean Values (Dry Basis)

Thermal

Volatile values

matter Ash Sulfur Bitu. -
Towa (36 samples) (Olin and Kinne)_ 42.0 13.6 4.8 12,046
Towa (16 samples) (Hixson)____..__ 40.1 137 4.9 12,652
Tllinois (36 samples) (Parr)________. 37.3 11.¢ 3.7 18,725

Total moisture contents on the wet basis for the two groups of Towa
coals and that of Illinois were 16.6, 15,1 and 12.4 per cent, resgpectively.

It must be admitted, however, that such proximate analyses alone are
inadequate for a complete characterization of a fuel of any kind and espe-
cially for one so complex as coal. They fail to indieate, for instance, .
whether a coal will heat and fire in storage or resist the oxidizing agencies
and remain cool, Analytical results are mute as to physical strength and
resistance to slacking and dusting, They show the amounts of impurities
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such as sulfur and ash, but venture no information as to possibilities of re-
meoval of such waste material. In shori, supplementary studies along
broad lines, both physical and chemical, must accompany mere chemical
tests im order to round -out the information the prospective consumer
should have.

In the keen competition for a diminishing market representatives of
out-of-state producers have swarmed into Iowa and we may expect many
more 1o come. It i the writer’s firm conviction that the best possible de-
fense against this invasion is to be found in a fundamental scientific study
of Towa coal quality. He belleves that with the substiiution of proved fact

for hazy and false tradition the Iowa consumer will begin te recognize as

eeonomically unsound a system which tolerates the importation from dis-
tant points of coals little betier than those produced at home, or even
inferior, Special types of foreign fuels of undisputed gquality such as an-
thracite and low volatile bituminous coals will always be in demand for
domestic use, and rightly so, but why many of the high volatiles from
other fields with little Iess ash than Iowa coals and often with more smoke
and seot should be foisted by advertising power alone is not equally clear,
Furthermore if the home product cannot compete succesgsfully on the price
basis for home markets it would be interesting and profitable to investigate

the problem of whether the foreign product was riding on a natural or an’

artificial advantage,

The papers which follow bear on work that is still being carried on and
they musi therefore be considered as progress reports only., Surely no
one appreciates their incompleteness and the amount of work still to he
done more clearly than does the director of the studies himself and it is
his purpese to carry them forward with all possible speed. He wishes to
acknowiedge especially the indispensable help extended by Dr., Kay and
his staff of the Iowa Geological Survey and by the Iowa Railway and
Light Company of Cedar Rapids.

CHEMICAL AND THERMAL VALUES OF IOWA COAL
H. L. Onax anp R, C. Kinne

In Volume 19 of the Towa Geological Survey Hixson reported the results
of proximate analyses of sixteen coal samples collected at mines located in
ten of the principal ¢oal producing counties of the state. This report was
followed in 1914 by 2 paper in which the previeus figures were republished
but amplified by additional data on ultimate analyses of the same samples,
together with tables showing the compositions of the ash.

In the gpace of twenty years since these coal samples were collected
many changes have taken place in the coal mining industry of the siate.
Many of the mines that were the leading producers in 1909 have long since
passed their peak of production or have been abandoned altegether. In any
case it seemed wise to make a new survey of Iowa’s coal to bring this in-
formation up to date not only with respect to the location of leading pro-
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duction centers, hut also with respect to gualify. The direct incentive for
undertaking sueh a study was the initiation of a comprehensive program-
of Iowa coal research by the Department of Chemical Engineering at the
University whick required in preparation, accurate analytical data on
present supplies.

The tables given in this bullefin are based upon the analyses of samples
coliected under the direct supervision of the Assistant State Geologist, Dr,
James H. Lees. They were first published in 1929 in a pamphlet issued by
the Yowa Geological Survey under the title of “Analyses of Iowa Coals.”
An unexpected demand for this pamphlef brought about its early exhaus-
tion and the data are republished here in substantially the same form in
which they appeared earlier. 'The method of sampling used by Doctor
Lees i fully described in Jowa Geological Survey XIX, 476 (1908), and
XXIV, 692 (1913), and those specially interesied in Iis details are re-
ferred to those sources of informaiion. In brief it involves the culting
of the face. of the seam in such a way as to insure the Inclusion of ths
varying components of the seam in their true propertions with respect
to the entire face, and thus it affords the means for collecting a sample
that most nearly approaches the average composition of the output of.
the mine as a whole, Moreover, a sample secured in this way and im-
mediately sealed in an airtight container provides the analyst with ma-
terial for determining the natural moisture content of the coal in place.
This value, while not of great significance commercially because of im-
mediate drying losses that talke place after the coal is exposed to the
air, has great scientific importance in its bearing on coal classification.
Thus Campbell of the T. 8. Geological Survey proposes a system for
ranking coals based solely on the percentage of this Initial moisture.

Metheds of Analysis and Comparison of Results

Laboratory methods and apparaius employed were in all cases those
adopted by the American Society for Testing Materials and described in
the Proceedings for 1924 under the serial namber D-22-24, and in U. 8.
Bureaun of Mines Technical Paper 76. ‘These specifications desighate as
official instruments the A, 8. T. M. constant temperature coal moisture
oven, the Fieldner electric furnace for volatile matter and the oxygen
bhomd calorimeter for thermal values, with all of which the ¥uel Labora-
tory of the University is equipped.

A word may be sald here concerning the comparison of the values ob-
tained in this work with those based on the analysis of the same, or
asimilar coals made at other laboratories.

Ag we have already explained, all samplmg for these studies was
made by a member of the Geolegical Survey acting of course as an un-
blased referee. The method used is both the most fair and the most se-
vere, Inasmueh as it provides for the inclusion of impurities in their
proper proportions and precludes the possibility of either premeditated
or unconscious “handpicking,” which is a major factor in vitiating re-
sults. It follows, therefore, that comparisons between our figures and
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others can be made fairly, only when all are reduced to a common stan-
dard of sampling, analysis and calculation.

In Table I are given the names and locations of the mines covered in
this report. Although in a general way it includes the most important
coal produeing areas of the state and possibly most of the larger mines
it iz nevertheless incomplete and data on other coals will be collected as
opportunity offers.

Geographical pesiticns of the mines inecluded in ihis suvvey are
shown in Plate 1. ’

Table I, Names and Location of Mines Sampled
No. :
1—DPes Moines Ice & Fuel Co., Des Moines, Poik Co. .
9— Bennett Bros. Coal Co., Mine No. 2, Des Moines, Polk Co,
3 Eeonomy Coal Co., Des Moines, Polk Co.
4—Des Moines Coal Co., Mine No. 4, Des Moines, Polk Co.
5—TUrbandale Coal Co,, Des Moines, Polk Co.
6— Beck Coal & Mining Co., Des Moines, Polk Co.
7—-8huler Ceal Co., Waukee, Dalias Co.
§—@Gibson Coal Co,, Rider, Polk Co,
g-—Gireat Western Coal Co,, Orillia, Warren Co.
10— Indian Valley Gloss Coal Co., Hartford, Warren Co.
11— Norwood White Coal Co., No. 8, Herrold, Poik-Co.
12—Norwood White Coal Co., No. 7, Moran, Dallas Co.
13— Scandia Coal Co., No. 4, Madrid, Beone Co,
14—Scandia Coal Co., No. 6, Madrid, Boone Co.
15—Dallas Products Co., Granger, Dallas Co.
16—Benson Coal Co., No. 1, Boone, Boone Co,
17—Boone Coal Co., No. 1, Boone, Boone Co.
18—01d King Coeal Co,, Centerville, Appanocose Co.
19—Center Coal Co., Ceniervilie, Appanoose Co.
20—Superior Coal Co., No. 19, Buckneli, Monroe Co.
21—Pershing Ceoal Co., No. 12, Pershing, Marion Co.
22— Numa Coal Co.,, Numa, Appanocose Co,
23 Appanoose Coal Co., Centervilie, Appanoose Co.
24— Armstrong Coal Co., Cincinnati, Appanoose Co.
25—Iowa Block Coal Co., Exline, Appanoose Co.
26— Violet Valley Coal Co., Seymour, Wayne Co.
27— Central Towa Fuet Co., No. 5, Williamson, Lucag Co.
28—Central Iowa Trael Co., No. 4, Williamson, Lucas Co.
29-—Red Rock Coal Co., Melcher, Marion Co.
30—Consolidated Indiana Ceal Co., No. 2, Melcher, Marion Co.
31—Liberty Coal Co., No. 3, Mystic, Appanoose Co.
22—Pearson Coal Co,, No. 2, Clarinda, Page Co.
33— New Market Coal Co.,, New Market, Taylor Co.
34— John G. Henton Mine, R. ¥. D. No. 1, Carbon, Adams Co,
85—Ruth Coal Co., Carben, Adamsg Co,
36—0skaloosa Coal & Mining Co., Oskaloosa, Mahaska Co.

In presenting Table 1I, which gives analytical data on the socalled “as
received” basis, we wish first to ecall attention io the moisture content col-
umn. As explained above, in collecting the sample the water in the coal is
carefully conserved so that it may be measured in the labortory, but it
should be clearly understood that in no wise does this figure represent the
meisture percentage of the coal delivered to the consumer afier having
heen in contact with drying air for days or weeks while in fransit or stor-
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age. The actual moisture valize of a coal at a given time is of course de-
pendent upon the humidity of the air and upon the time of expogure to it.
It is difficult therefore to estimate how much moisture these coals would
contain under marketing conditions, but it is safe to say that the per-
centages are vastly lower than those given for mine conditions, With lower
total moisture values the percentage contenfs of the other constituents,
and algo fhe thermal values, increase in proportion, )

Tavle 11, Resulis of Analyses of Towa Coals as Received
Fixed Thermal

No County Moisture Ash Volatile carbon values Sulfur
) (B.t.u.)
1. Polk 16.0 8.7 37.3 37.9 10,820 b
2, Polk 16.8 14.5 35.00 - 33.7 9,180 5,
3. Poik 15.9 9.2 371 379 10,530 5.
4. Poik 13.8 16.9 34.3 34.9 9,040 5.
5. Polk 14.2 13.0 36.3 36.5 10,220 5.
8. Polk 16.7 15.5 33.0 84.7 9,660 3
7. Dallas 14,2 12.7 34.7 38.3 10,450 3.
8. Polk 3.7 8.5 39.5 40.3 11,450 3
9, Warren 131 14.6 35.4 36.8 10,210 [
10, Warren 14.6 10.6 39.1 36.7 10,830 4
11. Polk 13.6 14.6 36.8 35.0 10,050 5
12, Dallag | 16.9 12.3 33.9 36.9 9,520 3
13. Boonhe 14.9 10.3 36.9 37.8 10,450 3
14. Boone 15.1 12.6 36.9 35.5 10,059 4
15, Dallas 16.2 14.0 34.5 35.3 9,650 3
16. Boone 20.9 8.5 33.8 36.7 9,430 EN
17. Boone 199 9.3 36.3 347 9,740 4,
18. Appanoose 18.1 8.6 33.9 39.4 10,050 3.
19. Appanoose 18.0 6.5 367 39.7 10,430 2.
20, Monrose 14.8 9.8 35.0 404 10,700 2,
21. Marion 171 9.4 34,9 38.6 10,490 2.
22, Appanooss 17.6 11.0 36.7 34.7 9,880 4,
23. Appanoose 15.3 12.2 34.6 37.9 9,960 3.
24, Appanocose 13.4 10.3 35.6 40.7 10,490 4,
25, Appanoose 14.9 9.7 36.3 38.1 16,760 3.
26. Wayne 16.7 8.3 341 40.8 10,350 3.
27. Lucas 15.8 14.0 33.6 36,6 9,950 5.
28. Lucas 19.8 12.8 327 346 9,460 2.
29, Marion 185 10.4 32.6 38.5 16,000 2.
30. Marion 18.6 9.2 31.9 40.2 19,030 2,
31, . Appanocose 15.6 11.0 35.2 28.2 3,800 3
32, Page 18.4 137 35.3 32,6 9,440 3
33, Taylor 20.2 13.2 33.6 32.9 9,080 5
34. Adams 211 9.9 22.9 361 9,280 3
35, Adams 20.6 12.3 » 350 341 9,270 3
36. Msahaska- 181 10.0 '33.5 38.4 10,610 2.
Mean 16.6 114 35.0 37.0 10,040 3.

Table IV, in which the results of the preceding table are calculated to .

ihe dry basis, needs no comment except perhaps in explanation of the term
“unit ecal” This in brlef is a hiypothetical material intended to represent
the pure or actual coal substance calculated from analyiical data after tak-
ing into counsideration corrections for moisture and ash. As developed by
Parr the formula is :
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Unit coal =1.00 — (W 4 1.08 A | —8)
40

where W, A and 8 are total water, ash as weighed and sulfur, respectively.

Thig “anit coal” value which represents the decomposition residue of
a flora characteristie of a given period and region, should, if the history of
the seam formation is normal, be fairly constant for that given seam. This
has proved to be the case particulariy where the coal measures are of com-
paratively large area, as in Illinels. A tabulation of average unit eoal
values of the three beds represented in this study is given below,

Table ITT. Average Unit Coal Values of Jowa Coal Beds

Lower Cherokee bed ______ﬁap___M_H-_Wm_mWH_HM_____;___H,B":'i B.t.u.
Mystic bed _ oo e 14,345 B.ta.
Nedaway bed —— _14,365 B.ta.

Table IV. Resuﬁs of Analyses of Iewa Coals: Dry Basis

Thermal .

Fixed Values Unit
No. County Ash Volatile Carbon (B.tu) Sulfur ~ Coal
1. Poik 16.4 44.5 454 12,800 6.3 15,110
2. Polk 174 421 40.5 11,050 7.0 14,290
3, Polk 11.0 44.2 44,9 12,550 5.9 14,730
4, Polk 19.6 39.8 4G.6 10,500 6.5 13,956
5. Polk 15.2 42.3 425 11,810 6.1 14,760
6. Polk 18.6 39.7 41,9 11,600 4.6 14,970
7. Dallas 14.8 40.6 44.7 12,200 4.6 14,959
8. Polk 7.5 45.8 46.7 13,260 4.3 14,834
9. Warren 16.8 < 40.8 42,4 11,750 7.3 15100
10. Warren 12,4 45.8 41.8 12,620 5.6 16,110
11, Polk 16.9 42.6 40.5 11,630 6.0 14,850
12. Dalias 14.8 40.8 44 .4 11,940 3.7 14,560
12. Boone 12.1 43.4 . 445 12,300 41 14,550
14, Boone 14.7 43.5 41.8 11,840 4,8 14,630
15, Dallas 16.7 41.2 421 11,560 4.6 14,750
16. Boone 10.8 42.8 46.4 11,950 5.1 13,990
17. Boone. 116 45.2 43.2 12,130 6.0 14.430
18, Appancose 105 41.4 48.1 12,270 45 14,270
19, Appanoose 7.9 48.6 48.5 12,730 3.3 14,210
20. Monroe 115 411 47.4 12,660 2.5 14,550
21, Marion . 118 42.1 46.6 12,650 4.2 14,800
22, Appanocose 13.3 44.6 421 11,990 5.5 14,520
23. Appanoose 14.4 40.9 44,7 11,780 4.7 14,360
24, Appanooze 11.9 41.2 46.9 12,120 5.6 14,430
25, Appancose 11.% 42.6 45,9 12,630 4.0 14,750
26. Wayne 9.9 40.7 49.4 12,426 47 14,330
27. T.ucas 16.6 39.9 43.9 11,810 6.3 15,020
28, TLacas 15.9 40.6° 43.5 11,810 2.5 14,510
29, Marion 12.8 39.9 473 12,260 21 14,510
30. Marion 11,3 39,1 49.6 12,330 3.2 14,330
31. Appanoose 13.0) 41.7 45.3 11,620 4.0 13,870
32, Page 167 43,2 40,1 11,660 4,2 14,500
32, Taylor 16.7 42.0 41.3 11,380 7.0 14,570
34. Adams 12,5 41.6 454 11,760 45 14,000
35, Adams 16.5 41.6 42.9 11,680 3.9 14,390
36. Mahaska 12.2 40.9 46.9 12,960 24 15,140
Mean 13.8 42.0 44 4 12,045 4.8 14,656
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COMPARATIVE STUDIES IN IOWA COAL STORAGE
H. L. Oriw axp C. E, Scorr

In order to provide a measure of Insurance against loss through en-
forced suspension of operations because of lack of coal as well as {o take
advantage of seasonal low prices it is common practice Tor the larger
manufacturing corporations to lay up reserve supplies of fuel in storage.
Total stocks in the hands of commercial consumers and in retail dealerg’
vards but exclusive of amounts in the basements of householders varied
in the decade following 1918, according to the Bureau of Mines, from a
minimum of 20,000,000 tons to a maximum of 63,000,000, Distributed
chiefly among the eleetric utilities, steei piants and other industrials, these
regerves constituted on the average a supply for 45 days normal operation,
although the extremes ranged from as litile as four to as many as 104
days. .

While the necessity for heavy storage of coal may or may not be
acute at any given time it must always be regarded as a first aid measure
to apply in times of threatened mine trouble or fransportation tie-up. It
follows therefore that the question of the storability of a given coal may
become, in an emergency, of paramount importance, more vital perhaps
than that of thermal value or ash content, for it is dilficuit to look upon a
coal pile smoldering like a sullen voleano as anything but an embarrass-
ing Hability,

The phenomenon of the spontaneous combustion of ¢cal has heen studied
by mény authorities but it is chiefly through the work of Parr of the Uni-
versity of Illineis thal its chemiecal processes have been authoritatively
demonstrated. Ie points out, in brief, that this slow combustion takes
place in four stages. In the initial phase the trouble beging at relatively
low temperatures with the oxidation of what, for want of a better name,
have been called the “humus bodies,” chemically complex substances in the
coal that are extremely sensitive to oxygen. Next in order, if the heat
of the first reaction has been retained in the mass, comes rise in tempera-
ture to a point where the iron pyrite or sulfur-bearing mineral undergoes
a similar oxidation with further evolution of heat. 'The third stage begins
at temperatures in execess of 120° C. with the oxidation of certain hydro-
carbons and the eveluticn of carbon dioxide and water, foliowed finally
above 250° C. by autogenous or seif-sustained combustion independent of
other sources of heat, At this point, assuming all the while that oxygen
has fairly ready access to the interior of the pile, flames begin to appear
and the mass is afire, ‘

Parr concludes that the most effective system of storage is that one
whieh can prevent the stow oxidation of the humie or mmsaturated com-

ponents or that can check it to such a degree that the heat is radiated as .

fagt as generated. It is comparatively easy to store lump coal since air
circulation is usually effective in keeping it ool but the major problem is
encountered in the case of the steam sizes. From the resulls obtained by
Parr and by other authorities it is generally coneeded that tight packing
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without segregation of fine and coarse material, so that voids are filled -
to the maximum possible extent, is the most satisfactory method.

It is readily seen from this discussion that the solution of the problem
hinges upon the completeness with whick oxygen is excluded from the
inner regions from which heat cannot be readily radiated and where by
its retention temperature may reach the danger point. A method simple
in theory but not often economically practicable involves submerging the
coal under water where it would be effectively quenched by cooling even i
oxygen were nbt completely excluded. In general, the main dependence
must be placed upon air piles so constructed with cloge packing that diffu-
sion of oxygen from without cannot readily take place.

If, as implied in the prefatory paper, a common popular impression as-
signs Towa coal to a class by itself with regard to firing propensity, the
need for research is the more emphasized, for all high volatile coals con-
taining sulfur possess the components that start heating troubles, not
merely thoge of Towa alone.

BXPERIMENTAL STUDIES

These University of Towa studies which were undertaken with the close
cobperation of the Towa Raflway and Light Company of Cedar Rapids had
for their first objective the plotiing of a log of temperatures in a typical
storage pile, in order fo trace the history of the thermal disturbance from
itg beginning to the burning point on the one hand or te the restoration of
normal conditions on the other. In similar attempts at temperature meas-
urement the New York Edison Company used the scheme of driving rods
into the piles to different depths, keeping them in contaet with the coal untii
temperatures were equalized and then testing with the hand after their
withdrawal, for the location of warm spots. Such a method has its obvious
faults and limitations, first because of the time and labor involved and
second hecause the contact of irom with the coal greatly accelerates the
heating reaction. Lead, it may be said in passing, does not possess cata-
1ytic properties of this kind.

The apparatus devised for our work censisted of a three junection ther-
mocouple of 20 B and S copper and constantine used in connection with a
calibrated Englehardt millivoltmeter. The welded hot and cold junctions -
adequately protected with cement coating together with the connecting
wires were then sheathed with Iead tubing and in that condition were
jaid in the parts of the pile where heating was expected to oceur, leaving
only the cold junction and instrument ieads exposed. In faking a reading
with this set-up the observer merely immerses the cold junctichs in =a
portable bath of ice water, attaches the leads to the millivelimeter and
notes the needie defiection. The methed as a whole has proved entirely
satisfactory and readings were quickly taken to one-half degree accuracy.
A later improvement was made by suhstitution of a single junctiion chromel-
alumel couple for the muifiple junction copper-constantine whereby sim-
plicity of design was effected without loss of sensitivity.

'The scope of these siudies in spontaneous heating was broadened by
observing two piles in paraliel (excepi in the first series), one an Iowa
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-coal from Monroe county and the other from the well known West Ken-
tucky No. 9 seamn., Thus while general scientific data were obtained on the
one.hand the comparative hehavior of two coais from neighboring states
under identical conditions of storage was noted on the other. In the
first series involving loose piling, the coal was unloaded from the cars by
means of & steam shovel to form the base of the heap 20 feet in diameter,
In the center of this, two feet from the holtom was placeéd the hot junction
of the firsf couple. More coal wasg added and the next two couples were
placed in position about four feet up but within three feet of the north and

Fig, 1, View of storage pile of coal.

south edges. The last was put into place nine feet from the boftom, on the
center line, and the piling was then continuied until abouf 125 fons were
in place to form a cone 12 feet high and about 30 feet in diameter. A typi-
cal storage piie is shown in Figure 1.

Inasmuch as loose packing is not an accredited methoed for coal storage
and would not be used in practice the resulis of the first test have theoreti-
cal interest only, Because of delay in shipments at this stage of the work
we have, unfortunately, no data on a loosely piled Towa coal to compare
with the curves in Figure 2 which represent the Kentucky product. As in
the case of the three men of the nursery rime whose “tale had been longer,
had the tub been stronger” this test ended in cafastrophe near the end
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of the sixth week when the coal ignited in spite of excessively low oufside
temperatures. 'The height of the slope of the temperature curve indicates
that a vigorous oxidatien set in from the very beginning which even the
draft through the loose strueture induced by subzere weather outside
utterly failed to check.
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The tests in the second series differed from those of the first only in
the method of building the pile, During its construction after the laying
of each course of two or three feet the half-ton bucket was used as a pack-
ing ram by letting it drop a distance of 20 feel or more, In this way air
pockets were minimized and the initial supply of oxygen was reduced.

In Figures 3 and 4 we have our firsi epportunity te compare storage
performance of these coals under identieal eonditions. Especially signifi-
cant is the yniform and consistent rise in temperature in the different parts
of the Kentucky pile with one couple indicating a danger peint of 1907,
The Iowa pile was cool during the entire period excepi at the ‘hottom
where the temperature makes a bold curve upwards, The inconsistency of
this local disturbance suggests the possibility of the presence of tramp iron
or the like which would bring about resulis of this kind, but at any rate
as a unit it weathered the storm and sailed into port after 22 weeks on
even keel. On comparative scores it comes out clearly the winner over iis
competitor not only on mean temperatures of the mass bui en maximum
point attained.




[=r]
i

COMPARATIVE STUDIES IN IOWA COAL STORAGE

STUDIES OF JOWA COALS

18

“[209 BAO] PaoRd L[S Ul SaanjeIodwd} SULMOUS SAAIND T BLY

pbriots A0 SYI2Y .
% o 2 2 z o

2z Z7 aF &/ =74 ) F-4 & QNI
u o

N A A ?\/ }ﬁ J 3

7 A Fi \/ - -.../\— C.. n .- a \.\ Rw‘/d

VN S =N TR N2

IR A0St 4 T AN N / q

\ -\ :

N
. AN / o
~ [ 7
~ * L4 .
l/ f
J . /\ FeiBS SOLLILY
: N - SIOT g pIIOL —— —
[~ > \\ e BYINOT b f SOP o e = o/
/ . N~ /\ | B/IIOI LIOL JOF o m e
f Py Iy Kol
oo vALes
‘[e0s Ayomjuey pewosd A1iqE) UI sexnjelodime) SuLMoYs SAIRD § BLT
Bhoiops 2O SYIRA :
7 oF R 2 2 = or & = | 4 . %Qv?.
Ferms SOULL B )
| BSOS D furm
SYGIIOT  Gff SO i o
BYGAIAD  Lf VPO s
B TIOD IO O e e e @
Pey It Apterbiy
7O [ AMIHTLNTY
~ TV v
1% W,_
B
71 oL
\ D
! i)
T S~ \.\\./ fﬁ
/\.‘\\\ /_/ .I\.I\||.../ W
L | Z s/
- ll...l-.nu e ) Q N\ ﬁ
/ / L N
v o2/
o007




29 STUDIES OF IOWA COALS

In the third stage of this investigation a new application of an ¢ld prin-
ciple was employed, which is described here hecause of its interesting pos-
sibilities rather than because of its proved worth, Since heating effects
are produced by infiltration of oxygen to the inner regions of the pile they
may reasonably be inhibited either by excluding air from without or by
maintaining an inert atmosphere within the mass itgelf. 'The first method
is of course empioyed in the tamping process while the second is illustrated
by the use of a substance that maintains a slow evelution of carbon
dioxide, A combination of both should logically be more effective than
either,

The idea of the use of an inert gas i3 not new. Cox in a general study
of coal oxidation proposed as an ideal method the covering of the pile
with a blanket under which te confine the inert nitrogen or carben dioxide
which was to be introduced, a scheme that is obviously impraeticable. Our
plan invoives the salting of the pile during its construection, in spots that
experience has shown to be the most vulnerable, with an intimate mixture
of pulverized. alum and crushed limestone. These substances react in the
presence of moisture to form a gas, or using chemical symbols, according
to the equation
AL (804)s -+ 3H20 4 3CaC0s= 2AI(0H). + 3CaS0. 4+ 3C0:

Carbon diexide, which is an end product of the reaction, is of course a
universal guencher and so long as a moderate conceniration is maintained
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arcund the coal particles it is manifestly impossible for it to “run a tem-
perature.”

'The piles were built as before but without tamping in order to make
the test conditions more severe., From time to time as the coal was put
on the salt mixture was added in the ratio of about 1.7 pounds per ton
of coal.

Temperature curves are plotted in Figures 5 and 6. Because of the
necessity for codrdinating our work with the eonvenience of the Com-
pany’s operations we were unable {o make these runs simultaneously nor
was it possible to continue them over so long a period as the others. It
may be seen from the outside temperature logs that the Jowa coal went
through a month of moederately warm weather while the six weeks’ period
of the other was relatively conl, In spite of weather and the loose piling
the temperature rise of the first is only a few degrees above initial condi-
tions while in the case of the second it takes a marked jump, so that honors
for keeping qualities must go again to the Iowa product.

TREATELD AENTSCKY
COAL
/60 Loosely Arched

— e RS cowple
——— Sowfl cowuple
—————— Norrh cowsle
- Top O/
AFmros. Teme.

-~
S

D e S
S

T,
.y
)

o /s £ 7. < 5 &
'Week.s o 5. foraye

Fre. 6. Temperature curves in pile of freated Kentucky coal.




22 STUDIES OF IOWA COALS

It is readily understood that experimental work of this kind that in-
volves the use of Iarge quantities of material and of long periods of time
for observations must necessarily move slowly. A mere beginning only
has been made and while indications point strongly to the inferiority of
Kentucky coals in the matter of storahility, much more exhaustive tests
should be made to cover all the phases of the problem. Similar experi-
mentis are being planned for comparison of Illinois and Indiansa coals with
those of Towa in the course of which we hope to determine not only rela-
tive values of particular fuels, of interest to the consumer, but scientific
principles that have a bearing upon the problems of storage in general.
For instance we should know the length of the danger perlod of a storage
pile and the factors that govern this time. We have good reason to believe
that once the erisis ig safely passed a sort of immunity is built up which
makes for safety thereafter, but no definite working rules are available.
Doubtless a thorough study of this phase must involve a Iaboratory study
of the equilibrium afi different temperatures between the various coal sub-
stances and oxygen. Wo are personally inferested in the possibilities of
the saiting process described above not only from the technical but also
from the economic standpoint, for while we can estimate the cost of the
materials used, roughly, as a few cents per ton of coal stored we are not
certain what are the minimum guantities needed. Finally, to mention only
one of many more, we ghould study the catalytic effects of the mineral mat-
ter of the coal substance to determine to what extent they promote or retard
the oxidation and heating processes

THE WEATHERING PROPERTIES OF IOWA COALS
H. L. Ouiy, J. D. WappELL awD J, N, AMBrOSE

It is a well known fact that certain types ‘of bituminous coals and per-
haps all the sub-bituminous grades and lgnites show a marked tendency
to disintegrate {o small lumps or dust on being exposed to air and moisture,
particularly if in this exposurve periods of wetting and drying are alter-
nated. This mechanical failure known as “slacking” or “weathering,” or
rather the rate at which it proeeeds, obviously bears a vital relation to
the practical problems involved in the transportation, the storage and the
combustion of the fuel in question, and it becomes therefore an jimportant

factor in the rating of its commercial value, Thus ligniteg, because of their .

outstanding weakness in this respect, cannot enfer the general fuel mar-
kets but must be consumed near the source of supply unless indeed they
are processed In some way as by briquetting.

The retative stability of a coal or the lack of it as the case may be is- '

intimately related t{o the geologic age of the seam from which it comes.
The lignifes, for instance, which are almost invariably found in forma-
tions younger than the Pennsylvanian, are characterized by a more or less
woody stricture direcily traceable to the vegetation from which they were

o
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derived. Because of their relative youth they have been subjected to a less
degree than the bituminous coals to the indurating forces of crustal move-
ment and so they are soft in texture, largely colioidal in thelr physical
makeup and high in moisture content. With the loss in molsture that
follows exposure Lo the air the whole gtructure weakens under the strain
of shrinkage and rapidly disintegrates to fines and dust. Closely asso-
ciated with this phenomenon of slacking in a low grade coal is its tendency
to oxidize and heat in storage, but as we extend our obseryations up the
scale through sub-bifuminous, the various grades of bituminous and finally
to anthracite we find that the structure becomes firmer and denser, the
volatile and moisture contents become lower and slacking and heating
tendencies are reduced to the vanishing point,

From the standpoint of coal clagsification, moisture content and physi-
eal stability may be considered criteria of the relative age of a coal or at
least of its progress toward maturity. Indeed Campbell of the U. 8. Geo-
logical Survey proposes a scheme which differentiates the classes largely
aceording to original mine meisture, to which perhaps most coal chemists
are willing to agree but to which they would add certain other essentials.
In support of hig theory he has drawn contour lines of coal moisture con-
tent for the Missouri and Illinois fieids, He notes that these lines are
parallel to the area of the Ozark uplift, a diastrophic movement that had a
profound influence on the quality of the ceal within its boundaries, and
that as they recede from that area they mark higher and higher moisture
values. In spite of the significance of the weathering properiy of a coal
both commereially and scientifieally only a moderate amount of formal
study has been made of it and no standard method for measuring it has
been proposed. Studieg on the sub-bituminous coals of Alberta made at
the University of Alberta by the Indusirial- Research Departmeni are
based on the use of a congtant humidity air drier in which the samples are
kept for definite periods. After being removed they are immersed in
water, dried a second time and then subjected to a sereen analysis. This
cyele is repeated under standard conditions and the undersize collected is
of course a measure of slacking tendency. It is readily seen that this
method not only simulates the conditions of actual weathering but that it
accelerates and magnifies them so that the observation may be made within
the time limits of a laboratory test.

EXPERIMENTAL WORK

In taking up the study of the weathering of Towa coals we were gov-
erned by two motives, one the desire to place more exactly the coals of
Iowa in the classifieation scale so far as physieal {ests can serve the pur-
pose, and the other to get exact data on their weathering propensities in
order to meet squarely the popular impression that they are extremely
faulty in this respect. 'This project so far has involved the devising of a
standard method for measuring slacking which was then applied to coals
from the various districts of Iowa and to a number from Ilincls, The
work In immediate prospect will cover similar tests on a large number of




24 STUDIRS OF 10WA COALS ) WEATHERING PROPERTIES OF IOWA COALS b

shown in Figure 1 is equipped with large strips of webbing kept continnally
moist with a glycerine solution of the density necessary fo maintain ihe
The accessories inelude a fan, a solution pump, and the

sampleg from neighboring states in order {o provide adeguate data for
general comparigons, .
Our first apparatus was designed and eonstrueted with a view to using : desired humidity.

the Alberta method described above, which involves the welting of the : necessary hygrometers and thermometers, A falr test of this schemes,
samples in alternation with drying in a constant bumidity drier. The drier

however, showed that for bituminous coals a more vigorous ireatment was

demanded than that afforded by ordinary aimespheric conditions of tem-

perature and pressure. These earlier results proved that it was indeed

pogsible to differentiate between different qualities of coals by compara-

! tive screen analyses following the wetting and drying cyecles, but that the

' action was unduly slow for practical purposes. Without question the
method has great merit ag applied to the more friable lignites and sub-
bituminous grades.
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The method finaily adopted for the accelerated weathering test utilizes
the principle of vacuum drying at high temperatures and was standardized
ay follows.

The coal used for all tests was freshly mined and sent directly to our
laboratory packed in sealed carbide drums. From this fifty-pound lot were
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selected ten uniform lumps approximately 200 grams (about 6.5 ouxices) in
total welght. These were gpread cn & metal iray and soaked in water at
room temperature for 30 minutes, then placed in a steam-heated vacuum
shelf drier and dried at a vacuum of 29 inches and at the temperature of 10
pounds (gange) steam for two hours. After a short interval for cooling,
the sample was transferred to a 0.5 inch sereen mounted on a mechaniecal
shalking device with an 11 inch stroke and agitated for one minute at the
rate of 180 vibrations per minute, The undersize was collected and
weighed and then calculaied as percentage weighi of the original sample
on the “as received” basis. The procedure described comstitutes a cyele
that was repeated five times for each coal studied.

The fuels investigated were selected especially 1o represent the three
coal bearing seams of the state, the Lower Cherokee, the Mystic and the
Nodaway, 'The geological relationships of these beds are diseussed else-
where in this bulietin by Dr. Lees of the JTowa Geological Survey and it is
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sufficient to say here that the three rank in age in the order named. Mine
moisture determinations of 36 samples made in this laberatory show mean
values of 15.0 per cent, 16.2 per cent and 20.1 per cent for the Cherokee
and Mystic and Nodaway coals, respectively. We should therefore expect
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representative samiples Trom these distriets to differ in physical properties
and the graphs of our resulis which follow confirm this idea. Figures 2 t0 4
for coals from the Lower Cherokee indicate percentages of undersize rang-
ing from 20 to 40, values which we may designate as “weathering coeffi-
cients.”
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F16. 5. Curve of Appanocose County coal passing through sereen.

Figures 5 and 6 show results of tests of the Mystic seam, one of the
most important commercially in the state and one from which a coal of
excellent guality is obtained. Its greater {friability, which is denoted
by a coefficient of 55, has heeén generally recognized, but apparently it has
not greatly diminighed its popularity.

The third division, the Nodaway, is 1ep1esented in this work by the
curves shown in Figures 7 and 8. A distinctly higher weathering tendenecy,
expressed by a coefficient of 65, is plainly evident in these coals and special
care in handling and shipping probably is necessary to avoid undue pro-
portions of fines. It must not be assumed, however, that they are lacking
in merits of their own; cokes of relatively good guality may be made from
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them, an indication that they should have a ranking much above jnhe sub-
bituminous types of the Western states.
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1t is perhaps unnhecessary to emphasize again the fact that these results
are produced by severe and highly artificial conditions employed in a
method designed to yield comparative data only and that they in no way
represent the degree of breakage to be expecied in normal handling and
storage. The method is guite analogous to the accelerated fading tests
which employ strong ultravielet light to determine the relative stability of
dyes or to the abusive treatment glven an automobile motor at the proving
grounds in order to establish its relative reserve strength. In all such
cases absolute results can be obtained only by applying the proper cor
rection factor based on observed results under ordinary conditions.
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It is interesting in this connection to examine similar data obtained
on three samples of Hlinois coals, one from Henry county in the porthern
part of the state, another from Sangamon county in the central part and
two others from Franklin and Saline counties in the extreme gouth. Casual
inspection of the graphs in Pigures 9 to 11 will show that except in the
cage of the Saline county coal, where the erustal movement discussed

above has had a profound effect, lowa coals suffer little indeed in com-

parison. It must be adiitted of course that many more data are needed
before general conclusions can be drawn but meanwhile the facts at hand
support the authors’ contention that much of the popular prejudice against
the Towa produet iz based upon faulty knowledge of facts.
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THE WASHING OF IOWA COAILS

H. L. OuiN, Crarg Barrerr axp H. D. ALLEN

It is unfortunate but true that Nature in her processes of laying down
the organic debris that formed our present coal seams had only indiiferent
stecess in maintaining the purity of the mix against gross contamination
by wind- and water-borne mineral matter, As a result the ash component
of coals from different sources is a variable ranging from less than one
per cent on the one extreme to as mueh a8 85 or 40 per cent in exeeptional
cases on the other. )

No extended discussion of.-ihe negative virtues of the ash constituenis
is necessary here. So far as they are present they dilute the combustible
components of the mass and reduce its mean thermal value; within cer
tain limits of composition they form low-melting slags or euiectics which
promote the formation of clinkers and thus disturb the normal course of
combustion; they complicate in many cases the corrosion problems of fur-
nace. operation not only through the action of the slags they form but
through the gases they generate at high temperatures; at best they are
inert wastes that musi{ be transported to the poini of consumpiion and
thence to the more or less remote disposal dump.

The removal of much of the mineral matter of coal by various washing
methods is commercially possible in general, except when it is intimately
disseminated through the mass. If on the other hand it oceurs in lumps
or bands as pyrite or slate that can be readily broken free from adhering
coal satisfactory separation of réfuse from combustible may be effected by
processes which take advantage of the different settling rates of solid
particles of different sizes and densities falling through a liquid medium.
FExpressed in simple mathematies '

vlmle(Sl 8)

where Vi is the average velocity of particles of slate or other impurity of
mean diameter Dy and densiiy 8. in sinking through a solution of density s.
If V: is the velocily of any pure coal particle of diameter Ds and density S
it follows that the slaie and coal will sink with egqual veloeities only when
the inverse ratio

Dy S8

—T)—z = S1r—s
is satisfied. In other words so long as the ratio is less.than this value the
smallest particle of the heavier substance or slate will attain a final
velocity greater than the largest particle of the coal and segregation is
therefore possible. It is upon this fundamental principle of physics that
the design of the many washers of coal and other minerals is based. The
most commen type, the jig, employs a plunger fo impart an upward surge
to the water with the result that the stowly settling coal is floated over a
weir while the heavy waste sinks rapidly and is eollected below.

Although coal washing as an adjunect to mining operations has been
practiced for nearly 80 years the coal indastry as a whole hasg been ex-
tremely congervative in taking it uwp. "The first preparation planis were
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installed not to furnish a better product that, should ecommand a higher
price but to meet the insistent demands of certain ecngumers such as the
iron smelters for fuels to meet their special requirements. In most cages it
seems still te be looked upon as an unnecessary item in production cosis
and one that should be avoided if possible. Tn the period c¢overing the last
25 years, of the total coal tonnages an average of 20,400,000 tons or 3.8
per cent only has been washed., Bureau of Mines figures show the follow-
ing washing activities in the bituminous fields for 1928.

TABLE 1. Rituminous Coql Cleaned al Mines in 71928

Per cenf. of
. cleaned coal
Coal washed Cleaned coal Refuge to total

State net tonsg net tons net tons state output

Alabama ... 14,611,566 13,064,095 1,447,461 741
Arkansas . _____ 7,h81 6,803 688 4.

Colorado ____.___ 439,401 386,199 53,202 3.9
Iiineis ... 368,977 315,017 53,960 0.6
Indiana __ - ___. 212,950 153,784 19,166 1.2
Kentucky .._._.__ 597,508 541975 55,628 0.9
Michigan . __. _. 129,330 111,469 17,861 181
Montana . ___.__.._ 111,800 101,586 10,214 31
Penngylvania ____ 2,182,820 2,033,908 148,912 1.6
Tennessee _____. 362,665 326,903 35,762 5.8
Virginia ___.._.__. 283,435 229,271 54,164 1.9
‘Waghington _____ 1,167,304 £92,498 274 806 356.4
West Virginia __. 3,132,947 2,858,276 274,671 2.1

It appears from the above table that only in Alabama, where sulfur
elimination is necessary in order to make the coals available for metaliur-
gical eoke, is washing practiced on a large scale. In other regions of
the United States its application appears to be limited to the freatment
of certain screenings of excessively high ash content and to the pro-
duction of clean nut and egg sizes for domestic use.

Many factors of course are invelved in the economies of washing and
a leading authority on the subject has summed up the aecumulated
experience of the industry in the following general statements:

“The preparation of coal shall, by the cleaning of the raw material
and the production of suitable and well screened sizes, secure a maximum
price per ton of output.”

“Po arrive at this result three points must be kept in view: (a) high-
est possible purity of coal; (b} smallest-possible loss of coal; (e) low
cost of production.”

“Asg the foregoing three demands are conflicting, it will be pecessary
for the proper and economical ingtallation of a preparation plant to
find in each case the hest relation between the three factors.”

Coal Washing in lowa

So far as records show only one plant hasg ever carried on washing
operations in Towa, viz, that of the lowa Coal Washing Company at
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Lakonta in Mahaska county., This was opened in 1912 for the special
purpese of reducing the ash content of screenings from mines in the
vicinity, which rar in some cases as high as 35 per cent, down to a
point acceptable to the market. 'The three jigs employed had a
combined capaeity of 1000 tons per nine hour day and at that rate
used 2400 gallons of water per minute, No figures on total tonnage
handled during the five year period are available, bui in 1314 ihe amount
washed was 98,587 tons from which 74,5695 tong of clean coal were
obtained. The plant ceased operations in 1917 on orders from the federal
Fuel Administrator.

In a personal letter the former president of the company, Mr, J. M.
Timbrell, writes: “We found it possible to reduce the ash io less than
13 per cent but much of the sulfur failed to take the refuse route and
went over with the coal, We had no irouble in marketing our product
over a wide territory that included Omaha, Sioux City and Cedar Rapids
and in competing successfully with the better grades of Illinels and
Kansas coals”.

Work done on Iowa coals at the Louisiana Purchase IEZxposition at
3t. Louis in 1904 has perhaps some historical interest. Carload lots
from mines in Wapelio, Marion, Polk, Appancose and Lucas counties
were washed in preparation for tests of their coking properties. Average
values of ash and sulfur of the raw coals, which were 13.7 per cent and
4.6 per cent respectively, were reduced to 87 and 3.7 per cent, but no
data on the amount rejected in the washing process are available.

It is evident of course that the whole compiex structure of the coal
industry has changed since the World War period and that methods and
practices that were snccessful then might be economically obsolete now,
But it does not follow on the other hand that clean coal is in. lesy demand
at the present time than it was then. Indeed every indication points
to a growing reluctance on the part of the consumer fo tolerate the
nuisance of excess ash and dirt and this change of attitude is being
vigorously exploited by salesmen for oil and gas combustion devices.
The - following advertisement testifying to ihe demand for ciean fuel
for doniestic use has recently ‘been appearing in a country weekly pub-
lished in the extreme northwest part of Towa,

“We have a good supply of Illinois Washed Egg coal for cook stoves.
Jusi the thing for spring and summer uge. * * * 7 :

It ig rather significant that such a market should exist in a terrilory
whoese supply must be shipped over 600 miles from the extreme southern
end of a neighboring state, and the possibility of duplicating that supply
from gources much nearer home shouid be worth investigating.

Regardless of the economic conditions that may or may not warrant
the operation of commercial washeries in Iowa it seems to us important
that the imits of ash and sulfur removal for our coals should bhe estab-
lished through scientific laboratory study that wili furnish data upon
which estimates of.commercial separation may be based.. Early in
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1921 work was begun on this project at the University, the resulls of
which, designated as Series I, were published in the Iowa Geologieal
Survey reports. This covered the intensive laboratory study of six coals
from mines in Polk couniy in which special sttention was given o the
form in which sulfur appeared in the coal structure,

The procedure upon which these and subsequent series were based
followed closely that devised by Parr at the University of Ilinois and
described in Bulletin 125 of the Engineering Experiment Station. The
average true specific gravily of the coal was first measured with a

" pycnometer, using water to fill the voids, A solution of zinc chloride
of specific gravity 0.05 higher than that of the coal was made up for
use as the floating liquid and this was employed in apparatus similar in
construction to that deseribed in the bulletin mentioned, which provides
means for making a sharp separation of the two fractions after equi-
librium is established.

F14. 1. Separation of coal portions in heavy liguid.

Figure 1 gives an objective illustration of the range of separations
possible with the use of solutions of varying densities. Vials 1 to 6
inciusive contain samples of the same coal suspended in solutlonsg of
ascending specific gravity while a second and a third sample of other
coals are similarly shown in 7 to 10 and i1 to 14. In each group, with
each successive solution a purer float fraction is obtained but only at
the expense of a larger waste fraction in the sink. Likewise in com-
merclal operation, by proper adjustment of the jig or other machine,
any desired ratio of sink and float within limits may be obtained such
as may he necessary for a given quality of produet, It should be clearly
understood of course that in the tables that follow the separations
represent single sets of eonditionsg only and that censiderable variation
is possible by altering solution densities.

In order to assemble the complete results of work onh Iowa coal ash
done at this laboratory we quote from the earlier publication the figures
shown in tables ¥I and IIL.
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Table 1. Series I, Sulfur Content of Raw Coals (Polk County)

PrrCENTAGES (DRY BASIS)

Sample Number 1 2 3 4 5 6 Mean
Total sulfur —_____ 5.61 3.02 5.87 5.63 6.33 3.00 4,82
HC1 soluble .
{sulfur as sulfate) 0.17 0.25 0.42 0.58 0.20 0.15 0.29

Pyrite sulfur .- 2.93 2.06 2,96  3.00 3.45 1.60 2.66
Organie sulfur
(by difference) ... 2.51 .68 1.99 2.08 2.68 1.25 1.86

The special imporiance of identification of the sulfur forms lies in the
fact that only the inorganic pyrite and suifate sulfur can be removed to
any significant extent by washing since the organic sulfur is chemically
combined with the coal substance, It is interesting to note in this con-
nection that reecent studies at the University of Illinois have shown that
the relatively smali amount of suifate present in the coal, usually as
calclum sulfate (gypsum), is the cause of much of the corrosion. trouble
in combustion because of the ease with which it is decomposed into
sulfuric acid.

In the following table are shown separation resulis on the same eoals,

Tablé ITI, BSeries I, Distribution of Ash, Iron and Sulfur.
PrroenTAGES (Dry BASis)

Sample Number 1 2 3 4 5 6 Mean
Moigture in
original —.__—_ 9.84 6.42 L.566 5.96 2.48 7.56 6.30
Percentage of :
float . 72.10 81.80 66.10 73.60 83.50 84.10 76.60
Percentage of
ginle o~ 27.90 18.20 33.90 27.00 17.50 15.90 23.40
Ash
Original __..13.61 11901 12.84 12,22 12,72 9.97 12,21
Float o 9.40 8.88 1974 7.90 7.33 6.83 8.35
Sink ________26.42 35.28 32.45 38.82 46.15 38.90 36.38
Percenfage

removed .._b4.20 53.80 85.80 85.70 63.50 62.00 67.50
Sulfur

Original —-- 5.61 3.02 5.87 5.63 6.33 3.00 4.83
Foat —__.__ 3.50 1.78 3.60 3.63 4.07 1.75 3.04
Sink ... 7.76 6.68 9,13 11.50 14.50 9.02 2.76
Percentage

removed ___38.58 ‘40.30 57.60 55,15 4010 4775 46.68
Iron

Original ____ 3.80 2.85 3,42 ' 395 3.72 175 3.26
Float —______ 2.50 1.65 2.25 - 2.21 1.68 1.02 1.89
Sink  —eeeo 7.49 6.10 6.05 2.95 14.80 6.12 8.25
Percentage

removed ___55.00 39.00 59.98 61.20 69.60 5b6.60 58.73
The figures given in the table above need littie comment. Referring
to the mean results of the six tests it may be geen that in order to reduce
the sulfur content from 4.8 to 3.0 per cent and the ash from 12.2 1o 83
per cent with elimination of 47.0 and 68.0 per cent respectively of original
sulfur and ash, it is necessary to discard 23.4 per cent of the original



38 STUDIES OF IOWA COALS

tonnage. Because of the high waste content of the sink fraection, how-
ever, the loss of pure coal is only about 14 per cent of the raw input.

Experimental Work in Series lI

Work on the second series of studies on ash and sulfur elimination,
undertalken in 1925, was direcied especially toward dstermining gdiffer-
ences in ash guality in the fioat and sink portions in the hope that it
might assist in the solution of the problem of preventing eclinker forma-
tion. To this end guantitative analyses were made of the ash from the
various fractions to determine the major constituents of each, viz., the
oxides of silicon, calcium, iron and aluminum which, presumably, in their
varying proportions influence the behavior of the ash at the temperatures
of the furnace.

The samples for this series were gelected with a view to providing wide
extremes in quality and the analyses as presented do not necessarily
represent the average product of the given district or county. Number 1
was a run-of-mine sample from Polk county, No. 2 screenings from Dallas
county and No. 3 a hand piecked sample from the Mystic seam in Appan-
opoge county. Results are given in Table IV,

Table 1V. Series I, Distribution of Mineral Matter in Washed Fractions,
. Percentages (Dry Basis).
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Pollk Co.
(run.of-mine) 16G0 12.8 38.7 487 6.0 3.8 21 160 135 88797 7.5 2110
Polk Co.
float 84 1.9 37.5 54T 24 1.5 0.8 233 2.5 288 125 1990
Polk Co.
sink 16 44.8 30,1 25.5 23.1 19.8 3.3 9.5 18.1 419 4.1 2250
Dallas Co.
(screenings) 100 244 338 4L8 7.3 5.8 0.9 305 9.4 311 19.53 2100
Dallas Co.
float 77 15.0 341 509 3.4 2.5 0.9 26.5 5.0 285 9.2 I960
Dallas Ca. . !
sink 23 BT 2 28.8 16.5 18.5 15.7 2.8 28.8 9.2 30.9 20.5 2090

Appanoocse Co.
fhand picked) 100 6.2 428 50.9 4.9 1.7 2.3 287 7.9 348 18t 1960

Appanaose Co.
float . 89 3.9 42.8 527 3.4 1.1 2.3 208 ... 22.5 6.7 2160

Appancose Co.
sink o 11 387 280 333 8.3 6.8 2.¢ B9%5 168 29.2 164 2010

The correlation of results of ash analysis with actual fusion point
determinations is at best a difficuit problem. Fieldner lays down the
following general principles: o
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“The fusibility of the ash depends upon several factors, such ag the
ratio of silica to bases present, the pariicular bases present, and the
percentage of alumina present, Mixtures extremely high in silica or
extremely high in bases are not readily fusible, Ash that is low in iron
is usually so highly siliceous that it is not readily fusible. Ash from
coals high in pyrite is necessarily high in iron, and the ratio between -
bases and silica is often such that easily fusible compounds may be
formed. Ag a rule, coals containing considerable sulfur in the form
of pyrite are apt to give troubie from clinker formation. Under condi-
tions of the fuel bed, the iron of the pyrite is apt to be eonverted info
ferrous oxide, which with the silica preseni forms ferrous silicates that
fuse at comparatively low temperatures.”

From the few data available in the table above it appears impossible
to draw any general conclusions on the effect of varying percentages of
silica and the basic oxides onh melting points of the agh as a whole, or to
confirm Tieldner’s observations. Neither do they offer any consistent
evidence to support the theory that the ash of the float fraction i3 more
refractery than that of the original coal. Indeed it appears in the case of
the first sample {Polk county) that the float ash meli{s at a lower tem-
peraiure than the original and that the sink has the highest melting ash
of all. Oniy with the Appancose eoal did we noie any Improvement in this
respect, viz,, a rise of 200 degrees in the softening temperature of the
float. While we cannot therefore expect the washing process to raise
the melting point of the float azh it does not foliow that clinkering condi-
tions in the furnace will not be improved. Many factors enter into the
complicated relationship of the slagging reaction whose bearings have
not been clearly determined and nothing short of actual furnaee opera-
tion would prove definitely whether elinker reduction is possible after
the cleaning operation. However, reduction in total ash and especially
of iron and sulfur in the pyrite form must yield beneficlal resulis to some
degree, Of direct interest are the figures for ash and sulfur reduction
in the high ash screenings, which indicate that the most promising
possibilities for the application of washing are on the low grade small
sizes.

Experimental Work on Series 111

Work on the latest series, No, IHI, was confined to the simple separa- -
tion of sink and float fractions and the determination of ash and sulfur
percentages thereon, The sampleg covered were those collected and
described by Dr. James H. Lees in the Towa Geological Survey pamphlet
“Analyses of Iowa Coals” pubiished in 1929, on which complete analytical
results had already been obtained. The methods employedé were in gen-
eral the same as used in the earlier gerieg of wasghing studies, Resuliz
are condensed in Table V.

Y
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Table V.
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1
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25.95
20.32
50.01
4243
22.88
33.70
29.12

a

point of
coal ash, deg. F.
2063
1981
1940
2035
1935
2063
1947
2083
2025
2193
2177
2192
1960
2353
2005
2087
1889
1980
2023
2168
1937
1930
2000
1930
1998
1945
1946
2055
2000
1957
2148
2253
2287
2238
1985
2040

1

mmmﬂ"[‘-wm@tﬁc\lﬂ‘wOHOhHHMﬂ*HH@meHW@@NL@N
™ = e e e A o e e o o ]

30.4
17.4
11.0

removed

41.4
36.8
52.3
58.6
4{.5
554
39.9
34.9
41.4
42.4
49.8
57.8
43.7
51.2
52.7
7.7
48.4
30.6
47.8
42.3
53

58

Sulfur nal sulfur or

in float
3.32
3.45
291
3.62
3.71-
2.24
2.10
2.05
4.05
3.12
3.52
1.84
1.97
212
2.54
2.30
3.48

89

k

Sulfur
8.28
9.65

12.02

13.00
7.68
790

11.58
7.73

14.35

11.40

1217
7.51
9.22

10.96
9.47
8.22
3.91
6.58

28
8.04

in sin

in origi-
nal coal
6.3
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Sulfur

68.50
73.80
"4.30
70.70
67.80
66.90
84.15
80.50
78.90
80.65
75.40
71.50
71.70
77.90
w410
£6.00
79.30
£2.90
82.70
72.35
62.90
86.10
71.90
8514
63.80

71.60
84.67

Percent-
age of
float
78.35
74.45
70.39
67.70
83,65
73.70
67.20
7110
81.55

sink
3150
26.70
25.70
29.30
232.20
33.10
15,85
19.35

24.60
28.50

Percent-
age of
19.45
21.10
31.65
22.40
25.55
29.61
32.70
18 Appanoose 16.45
28.30
22.10
17.80
27.15
36.10
33.90
28.10
31 Appanoose 14.86
36.20
24.30
32,60
28.90
18.45
25.86

County
of
souree
1 Polk
2 Polk
3 Polk
4 Polk
5 Polk
6 Polk
7 Dallas
8 Polk
9 Warren
10 Warren
11 Polk
18 Appanoose 15.33
22 Appanoose 25.30
23 Appancose 34.00
24 Appanoose 20.70
256 Appanoose 31.10
Mahaska

20 Monroe

12 Dallas
13 Boone
21 Marion
34 Adams
35 Adams

36

30 Marion
Mean

14 Boone
15 Dallas
16 Boone
17 Boone
26 Wayne
27 Luecas
28 Tmucas
29 Marion
32 Page
.38 Taylor

No.

9.04 273 47.8 13.6 2044 32.01 7.85 58.6 Mean

48

74.14
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The figures presented in the table show clearly the gualitative differ-
ence that exists in the ash constituenis of the coals studled and in the way
they are attached to the pure coal. For example samples 1 and 18 with
practically egual percentages of ash (10.5 per cent) vield fioat products
with substantially the same ash contents (7.35 and 7.01 per cent respoc-
tively}. But the percentage of total sample rejected in the sink is in
the first case nearly twice that of the second, an indication of marked
difference in cleanness of separation, which must be a determining factor
in the economiecs of washing processes, While a general comparative
study of this kind ig indicative of whai{ may be expected of industriail
scale operation and while il serves to show the relative ease or difficulty
of separating refuse matter from the clean fuel, much more intensive
laboratory work should of course be done on any given coal before a
question invelving commercial operation is decided.

An interesting trend in the heating of boih private dwellings and
public buildings is the growing popularity of the small automatic stoker
for burning bituminous screenings. Some of these are so designed as to
demand a coal with ash of relatively high melting point to facllitate its
removal from the agh zone of the furnace in the form of a solid clinker.
Reference to the melting point column In Table V shows that the fusion
temperatures for our Iowa coal ashes are low ag compared with values
around 2500°F, for some of the easiern coals. In our opinion the necessity
for designing a machine to suit the fuels of the region in which the
machine is to be used iz a problem that must be solved by the manufac-
furer. At any rate stokers are made that have proved highly successful
with Jowa coals and doubtless they will increase in popularity because
of their greater flexibility., While we have shown that washing probably
does not raige the melting point of the float ash nevertheless the material
reduction in ash quantity that it effects should be highly advantageous
in operating the furnace of whatever kind. Further work on this general
problem will be concentrated upon the study of secreenings and other
small sizes to determine the extent to which they can be improved to
fit them for domestic consumption. These projected investigations will
include small unit washer runs designed {o furnish sufficien: washed
material for practical demonstrationg and tests.

THE COXING OF IOWA COALS
IL. L. OumN, B\ V. JounNgoN, Ji., anp R, C. KinNg

Probably no other phase of coal teclinology has been more intensive-
Iy studied in the last two decades than that pertaining to carbonization
or coking, particularly in the so-called low temperature ranges as dis-
tinguished from the high temperature processes designed for the pro-
duetion of metaliurgical coke, Not only in the United States but in Great
Britain and the Continent research work in this field hag been vigorously
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carried on and its iterature at the present time is of encrmous volume.
In a recent bibliography on low-temperature coking alone, references to
413 journal articles are cited and even this list is probably far from being
complete.

The intense aciiviiy in this phase of coal research bears eloguent
testimony to the public interest in the problems of fuel improvement,
especially those that have a bearing on the elimlnation of the smoke and
seot nuisance, Indeed the major purpose in most of the work that has
been done has been to produce a free burning but smokeless fuel from
pituminous coals by subjecting them to partial distiliation at moderately
low temperatures thereby breaking down and removing the heavy
hydrocarbons that produce the smudge in raw coal combustion, Unfor-
tunately out of this great mass of effort has come litile if any commer-
clal success, not because of failure of the technologist to confrel his
process and to produce a prepared fuel of the desired quality but because
present economic conditions in the fuel irdustries preclude the profitable
marketing of such a material. From the standpoint of domestic heating
the best examples of the low or medium temperature cokes that have
been made on the experimental scale have proved to be admirable fuels.
Tn general they possess the advantage of metallurgical or gas cokes in
being clean and smokeless, but in addition they are usually reactive to a
high degree and kindle readily at moderate temperatures. Without ques-
tion the general adoption of such fuels would effectively solve the smoke
problem of our cities through compleie elimination of the conditions that
bring it about, but until the general public becomes less complaisant
with air pollution beth within and out of doors the use of specialiy pro-
cessed coals will doubtless increase slowly Indeed.

From the theoretical standpoint, however, it is highly degirable to
study the coking possibilities of a coal along with its other properiies,
not only to meet the possibility of future coklng developments but to
provide data for iis scientific classification. lowa coals have long
been considered as noncoking in character, largely perhaps because ex-
perimental tests on & coals from as many different counties in Iowa made
at the St. Louis Exposition in 1904 were negative In character, It musi
be noted, however, that the methods used were those suitable only for
low volatile eastern coals and that when applied to those of entirely qif-
ferent character good results should not have been expected.

With a view to establishing the true coking properties of the coals of
the state so nearly as possible studies along this line have been made
since 1924, the results of which are still incompiete. They do indicate,
however, that when treated under the proper conditions Iowa coals yield
coke products that are fairly hard and eoherent and that show much
promise of possible use. These studies are included in two series in
which different methods were used and in whick different results were
obtained.
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Coking Series 1

The earlier method was relatively simple in character. It Involved
the usge of an electrically heated cast iron retort holding aboui 8 pounds
of c¢oal, eonnected with a condensing and purifying train for separating
the tar and otherwise cleaning the gas. Temperatures were maintained
gtrictly within the low range and in no instanee did they exceed 470°C
{878°F) Iin the middle of the charge. The crushed sample was put direet-
ly into the retort without preliminary heating and the distillation pro-
ceeded for periods rahging from 6 to 12 hours.

F16,. 1. Low temperature coke from Marion County coal, Series I.

In briei, the results of experiments carried out under thege conditions
were unsatisfactory, in all probability because the temperatures were too
low and because the preliminary treatment of the coal wag faully. Yields

" of gas and tar were small, but more especially the coke residue barely

fused together and had little coherence. The sample shown in Figure 1,
the product of a Marion county coal, was perhaps superior to any of the
others but at best it left much to be desired and the iests as a whole
indicated the necegsity for improving the method.

Series 11
Unguestionably the most imporiant and scientifically sound of the
many processes for the low or medium temperature coking of coal is that
developed by Parr at the University of llinois, Without entering into a



44 STUDIES OF IOWA COALS
7E00
7000
o
FOO
R
2
8 oo
0 & COAING  INDEX CLURVES
Q ’ : fowve Coarls
Y @ - PsTec Seanr -Aporoose Lafl]
\\: . - Lower Cherofee -FPolk Co.
§ 200 \ o7 - " " ||
! weathered somale 4E
4] FEYE, L.
‘3 @- Sarme, waatiiered dE
q TV, COSET
¢
g
£00
[
P-4
e
7
Foo HOD s500 600

Degrees Centigraas
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Lighly technical discussion of the method, which is particularly applicable
to the high oxygen eoals of the Middle West, we may say that it involves
a preliminary heating of the crushed coal in a rotary drum to a tempera-
ture just short of ils fusing point, IFrom this it is immediately dumped to
the _retbz‘t proper which hag pl’éviously heen heated to the maximum
coking temperatyre. In this retort the actual fusion and coking takes
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place, assisted to a considerable extent by the heat produced exother-
mically, i. e, generated by chemical reactions within the coal substance
itself, As a resuit of this combined external and internal heating the
reaction moves rapidly to the cenier of the charge and complete carbon-
ization is effected in a relatively short time,.

The choice of the Parr process for the experimental runs of the
gecond series made it necessary first to undertake a study of typical coals
of the state to determine the temperalures at which the organic matter
melts to a plastic mass inasmuch as temperature control up to this point
is mandatory in the preliminary heating stage. The apparatus used in
this work was a modification of that devised by Layng and Hathorne.
The principle underlying its operation involves the heating of a carefuily
graded sample in a giass tube while an inert gas such as pure nitrogen
under constant head ig being forced through it in a steady stream. TUntif
softening takes piace the granular material offers free passage i{o the
gag and the manometer indicates minimum pressure. When, however,
the temperature reaches the point of incipient fusion the flow resistanee
mounts and reaches a maximum at the stage of greatest plasticity of the
coal. TFrom this time on the coal decomposes in the process of carbouniza
tion and the formation of the porous coke structure again affords the
gag a relatively free path. By plotting pressures as read from the mano-
meter against temperatures indicated by a thermocouple inserted in the
tube, graphs of the peculiar type shown in Figure 2 are obtained. Inspec-
tion of these curves shows readily the points at which fusion beging and
thogse at which decomposition is complete and thus the limits of the
critical range are eagily fixed.

Inasmuch as a coal must fuse or melt freely in order to produce the
cementing aetion required in the making of a good coke it follows that
the heighi of the fusion curve is in general a criterion of the coking
value of a coal. 8o great, however, is the avidity of fresh coal for
oxygen that moderate exposure of the sample to air goon brings about
an oxidation of the coking constituenis which completely changes ils
chemical nature. The new gsubstance does not melt and while it loses
its volatile matter on being heated the residue iz a granular powder in
no sense a e¢oke, The graph cited showg clearly in curves (d) and (e)
the destructive effect of oxidation and indicates the necessity for select-
ing fresh raw material for coking operations, at least where the fusion
tendencies are initially rather weak.

Table I gives results of fusion tests on a number of ceals for which
data are avalladle at present. Included in this table are data on the age
of the sample from the time it was {aken from the mine, which as indi-
cated above must be considered in interpreting the other data. Tembpera-
tures of initial fusion and temperaiure and pressure at the crest are
gelf-explanatory while by “minimum coking temperature” is meant
that at which the pressure again becomes normal,
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Table I. Coal Fusion Tests
No. County Age of Minimum Temp. at Pressure at Minimum
sample fusion temp. crest, crest, coking
days Deg. C. Deg. ¢. mm, water temp.,
Deg. C.
1 Pollt e 43 346 352 218 432
2 Polk ol 50 363 — _— —
8 Polk 35 347 392 §2% 445
4 PolR w58 347 386 82% 43¢
5 PolR e 8 347 392 419 452
§ Polk —___ . 14 362 404 204 458
T Pallag e 10 362 406 438 457
8 Polk e 5 360 400 400 460
9 Warren _________ 7 362 403 234 462
10 Warren —— ... b 356 402 350 460
11 Polk e 3 360 403 306 470
12 Dallas .o~ 3 360 420 449 486
13 Boone oo 4 360 468 200 479
14 Boone __..___ M | 360 401 600 470
15 Dallag e ] 360 403 584 480
16 Appancose _.____ 3 370 408 788 473
17 Appanoose _____. 7 366 406 818 ——
18 Wayne . ______ Al 370 422 1208 495
19 Marion —______ 13 372 413 480 476
20 Marion —_________ 19 372 410 73 470
#Possibly taken from a partly weathered face.
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It may be seen from the table above, which is still incomplete, that the
coals from the southern counties are measurably superior to the others
in coking tendency as indicated by crest temperatures and that we should
expect some of the best resulis from samples from that distriet. The
validity of this prediction is being confirmed in a striking manner and
we shall doubtless produce the best cokes from the Mystie Seam coal.

The apparatus used in the coking tesis proper and shown in diagram
in Figure 3 embraces three functional units, the preheater drum, the gas
fired retort and the purifying train, all of which are graphically described,
All temperatires were measured by means of Chromel P—alumel thermoe-
couples of 8 gauge wire with the eold junction at constant iemperature
in a bath of ice water. All these couplies develop the same potential
at 600°C within 0.05 m. v,, the Hmit of the meter.

PROCEDURE

The coals used in this series were collected at the mines, sealed n alr-
tight carbide drums of about 50 pounds capacity and shipped immediately
to our laboratory where they were processed ag soon as possible, usually
within a week. After being crushed to a maximum of one-half inch the
charge wag placed in the revolving preheater in batches of 40 pounds or
more and heated to a point well below fusion temperature, in most cases
about 300° C. '
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F1a. 4. Chart showing temperatures in coking Towa coala.

After being held at the 300° temperature for about 10 minuntes to eom-
plete a one hour preliminary period the drum was tilted and the charge
dropped into the retort previously heated to 800° C.' The condensing and
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cleaning train to purify the gas consists of 2 two-inch water-cooled pipes,
_ 2 pipes packed with glass wool to act as a filter and finally a pipe in which

a spray of water was kept in play. In general the charge was completely

processed in 3 hours from the beginning of the preheating period.

Tigure 4 shows graphically the time-temperature relationships of the
process and indicates the stages that lead progressively to fusion and de-
composition of the coal substance. While the graph shown is a type curve
only it probably represents guite accurafely the conditions that hold for
all the Towa coals studied. It was found as predicted that the coals show-
ing the highest peaks in the fusion point determinations produced in gen-
eral the firmest and best cokes and promised the most interesting possi-
hitities for further study. .

In the following table we have agsembled some data on a number o

runs of this series. These results, however, are incomplete and are pre-

sented as only roughly indicative of what may be expected. No work has
peen done on the tars and gases and little or none on the physieal prop-
erties of the cokes,

Table II. Coke and Tar YVields—Iowa Coal Carbonization.

Amount coke Ave, temper-

per ton of Tar, gallons ature for last

Source of coal coal, pounds per ton  heur, Deg. C.
Polk Co—Economy Coal Co.....___ 1,068 ——— P
Wayne Co.—Violet Vailey Coal Co. 900 13.2 e
Appanoose Co—Center Coal Co.__ 1,000 17.9 769
Roone Co—Scandia Coal Co.____ . 975 23.8 776
Dalias Co.—Shuler Coal Co.___._. 1,640 24,0 807

Mahaska Co.—Oskaloosa Coal &

Mining Co, o~ 1,060 2156 7
Adams Co.—Ruthk Coal Co._._ . 880 18.4 806
Marion Co—Pershing Coal Co.__._. 965 20,2 820
Boone Co—Boone Coal Co, 905 12.5 202

Polk Co.—Gibson Coal Co. 8890 21.2 : 200

The general appearance and characteristics of the cokes produced may
be judged from the euis shown in Figures 5 ifo 14, Data on crushing
strength and chemical compositions, resistance to handling and kindling
temperatures are not vet available but will be given in a forthcoming bul-
letin. Briefly, these cokes are fairly coherent, far superior in this respect
to any produced by the old methods, and after screening could probably be
nandled withouf excessive breakage. They burn of course without smoke
inagmuch as they retain a maximum of five per cent of volatile maiter,
Moreover they kindle extremely readily, being in this vespect much more
active than gas house or metallurgical coke.

Aside from the bearing that the coking properties of these coals may
have on the possibility of establishing a carbonization indusiry which,
although now vemote, may be of importance in the future, this coking
tendency is of direet interest to the domestic consumer. It is a matter of
common knowledge that the most satisfactory furnace coals are those that
form in combustion an easily controlled coke structure rather than a loose
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16, 5. Coke from Wayne County coal. Violet Vallay Coal Co.

F1g. 6. Coke from Appancose County coal. Center Cozl Co.
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16, 7. Coke from Boone County coal. Secandia Ceal Co.

Fra. 9. Coke from Mahagka County coal. Oskzleosa Coal & Mining Co.
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and powdery mass that cannot hold the fire. It follows therefore that
even a moderate tendency in this direction is mot without some signifi-
cance. _

As we have repeatedly pointed out this presentation is merely a prog-
ress report since most of the work along these Iines lies ahead of us. In
addition to carrying out a thorough study of the ccokes already made we
confidently expeet to improve our process so as to produce cokes much
superior to any yet obtained, IFor example some of our Jowa coals which
possess an excessive amount of the fusible coking constituents wiil prob-
ably yield an improved coke through blending with other coals or with
nonecoking types. At any raie we have gone sufficientiy far already to
show that Iowa coals can produce promising cokes under the proper condi-
tions and that the contrary idea which has prevailed so long in the popu-
lar mingd ig ag erroneous as many other impressions concerning our native
fuels.

THE GEOLOGY OF IOWA COALS
Jamrs 1. LEEs

Thig paper is added to those by Doetor Olin and his assoeiates in the
belief that some knowledge of the method of coal Tormation will be useful
in understanding its character. : )

Time-seale. A generalized time-scale to show those periods which are
of special interest in this study may well be given here and is as follows:

Cenozoic
Present ' .
Pielstocene——(}lamal period
Pliocene
Miocene—Some coal in California
QOligocene
Tocene—Coal and lignite in Gulf states and Washingion

Mesoczoic :
Cretacecus—~Coal and ]1g311te in Rocky Mountain region and
North Dakota
Jurassic
Triassic—Some coal in Virginia and North Carolina
Paleozoic
Permian
Pennsylvaman—(}oal from Penngylvania to Texas and-
Alabama
Mississippian—Some coal in Appalachians and Arkansas
Devonian . .
Silurian
Ordovician
Cambrian
Proterozoic
Archeozolc

Factors Affeciing Character of Coal, The Iowa coal fields, as the table
shows, belong to the Pennsylvanian system of strata. Theoretically there
is no direct relation between the geologic age of a coal bed and the char-
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acter of the coal therein, but practieally it is true that under normal con-
ditions the older coals are of higher grade than are those of more recent
age. "This is illustrated in the gradation from the high grade bituminous
coals of Pennsylvanian age in the eastern -and centrai interior staies
through the softer bituminous and sub-bituminous eoals of the Rocky
Mountain Cretaceous to the Hocene lignites of the southern states and the
far west.

Then too the thickness of cover is an important factor in fhe hardness
and general character of coals. For example the Pennsylvanian system of
western Pennsylvania—the bituminous field—has a maximum thickness
in the southwestern counties of 2,600 feet and the upper division, which
is the least productive but which furnishes the heaviest cover, is 800 feet
thick above its one merchantable coal bed. The Penngylvanian strata of
the Illinois fields have a maximum thickness of 2,000 feet, although the
basal barren sandstones are in places 700 feet thick, Coal No. 6, the Herrin
bed, the famous Franklin couniy coal, is reached in Franklin county at
depths ranging from 200 to 700 feet, The Des Moines series, the produe-
tive coal meagures of central and southeastern Iowa, are usually assigned
a maximum thickness of 750 feet, but in most places the depth to the coal
beds is much less than this, and few mines exceed 300 feet in depth. All

" of these beds may have been thinned by ercsion in the immense period of

time gince they were uplifted from the ocean level

Another factor which affects the hardness of coal beds iz the move
ments of the earth’s erust. The best illustration of this is the anthracite
coal of eastern Pennsyivania and the high grade bituminous coals of 'West
Virginia, These occur in regions that have been folded into mountain
ranges, within which the coals have been sgueezed and heated until they
are hard and firm. If it were not for these disturbances these coals prob-
ably would be no better than those farther west and south,

The combination of a progressively thinning cover and of gradually
diminished earth movements and the accompanying changes in the rocks
from the Appalachian mountain region toward the Mississippi valley and
the Great Plains forms an important if not a dominating factor in the
progresgsive softening of the coals from the anthracites of eastern Penn-
sylvania to the bituminous eoalg of Towa and Texas, - There is no basic dif-
ference between the coals of different provinces. They were formed
from gimilar materials and under approximately similar conditions.

Conditions of Coal Formation. At the opening of Pennsylvanian time
the land surface of the east-central part of the United States, say from

Nova Scotia and southern New Ingland westward to eastern Kansas, was -

low-lying but very irreguiar. Some interesting evidence of the irregu-
Iarity of the surface of the Mississippian strata has been revealed by drill-
ings in Polk county. At Mitchellville the Mississippian Hmestones were
reached about 760 feet above sea level, on the southeast edge of Des
Moines €00 fest, in the western part of Des Moines 374 feet, and at Com-
merce, west of the city, 300 feet above sea level. Another instance which
recently came to my attention is shown in the Chicago, Burlington and
Quiney railroad well at Tracy, southeast of Des Moines. On the east bank
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of the Des Moines river, two miles east of the village, the sandy lime-
stones of St. Louis (upper Mississippian) age rise several feet above
water level. In the well, which was drilled in the bottoms, only a few
feel above river level, the Pennsylvanian shales were penetrated ninety-two
feat before the St. Louis limestones were reached. There is here a differ-
ence in elevation of a hundred feet within two miles. Very similar con-
ditions prevailed throughout the general region in which the coal beds
were later to be formed,

Climatic conditions at the beginning of Pennsylvanian time became
more faverable than ever before for the development of a very extensive
and abundant vegetation. This was not a sudden development, for coal
beds in Mississippian strata of the eastern states show the presence of
similar eonditions, although these were but the beginnings of the execep-
tionally favorable situation of the Pennsylvanian, It does not seem neces-
sary to assume, as was formerly done, the presence of 3 hot dense moist
atmosphere through which the sun’s rays had never penetrated and whose
heavy gases were absorbed by the vegetation of the period. On the con-
trary the evidence points rather to possible aridity as well as to lowel
temperatures than were formerly assumed,

Under these general conditions then, the Pennsylvanian pericd began
with the continental sea advancing from the southwest up a great trough
or syncline which oceupied the western interior from Iowa to Texas, just
as the sea was advancing over other land areas farther east. On the low-

Fid¢, 1. A view showing the kinds of trees that grew in the forests and swamps of
Pennsylvanian time. ‘These were the trees of which Iowa coal was made and whose im-
pressions are so offen found in the coal and in the strata associated with it,
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lying marginal reaches between uplands and ocean a series of great
coastal swamps was forming, similar o the Great Dismal swamp and the
coastal marshes of Virginia and the Carolinas. Similar bogs or marshes
no doubt developed over poorly drained areas remote from the sea, just as
is true today, and so fresh water, brackish water, and sall water swamps
existed simultaneously, each with its appropriate vegetation. This vegeta-
tion consisted of giant treeferns, horsetails and other plants, whose stems
are now so often seen in coal and the associated rocks, and of an under-
growth containing smaller ferns and other lowly phases of plant life. The
flowering plants and the modern types of trees had not yet appeared on
the earth. Probably there was a growth of vegetation over the drier land
areas, but as is the case with similar growths today such vegetation would
normally leave no vecord of its existence. The plants, however, which
lived in the swamps, ag they died fell into the waters from which they had
BprUNg and were there partly preserved. During the process of decay in
the open air the carbon and hydrogen of wood unite with the oxygen of the
air or of the wood and so form earbon dioxide and water and pass from
our notice. But under water atmospheric oxygen is largely excluded, and
the reactions are chiefly among the elements of the wood itself. Under
these conditions marsh gas (CHﬁ) is formed, with some carbon dioxide
(CO_ ) and water (I—I 0). Al of these processes would use up the carbon
less 1ap1diy than the othe1 elements and so would result in the inerease of
carbon in the residue. Bacterial action also is important,

AR generation after generation of the ancient plants lived, died, and fell
to the floor of the swamp there was gradually accumulated an increasing
layer of vegetabie material which was constantly undergoing progressive
changes which carried it further and further from its original state and
into peaty and possibly lignitic stages. How fast this vegetal material
accumulated is very difficult and perhaps impossible to esfimate with any
degree of accuracy, The abundance of vegetation and its rate of growth,
the percentage which would be preserved, the prevailing climatic condi-
{ions and doubtléss other factors would affect the problem. The estimate
has been made that under conditions as we know them nearly 10,000
years would be required for the formation and preservation of a foot of
vegetal material having a specific gravity of 1.4, about that of average
coal.

Forming of Towe Coal Beds. In the course of time the interior sea
reached Iowa. The marsh and bog types of vegetation grew and accumu-
lated here as we have described the processes above and Iowa's coal re-
sources began their formation. The statement has already been made
that the surface over which the Pennsylvanian sea advanced was very
irregular. Because of this fact the earliest deposits on a slowly sinking
land area would be in the valleys and depressions and the burial of the
hills and uplands would come later, perhaps much later. Some of the coal
swamps which were formed in these depressions were limited by walls of
limestone, and miners of the present day find these walls barring their
further advance and marking the limits of the coal bed they ave working.

Most of the basins and depressions in which the Iowa coal swamps
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formed were rather limited in extent, and so the accumulations of vegetable
matter which later became consolidated inte coal are not very large, most
of them being only a few hundred or at most a few thousand acres in
size, These beds are mostly lenticular in vertical section, being much
thicker near the center than on the margins, where they usually feather
out and finally disappear. A noteworthy exception to this rule, however,
is the bed known as the Cenierville or Mystic seam. This bed, although
it has an average thickness of only about two and a half feet, and has
a rather wide vertical range, still is very uniform in its character and ap-
pearance, as well ag in its thickress, and is estimated to underlie in work-
able condition about 1,500 square miles in Appanocose and Wayne countles
in Iowa and several neighboring counties of Missouri.

There were many slow changes in the level of the land during Penn-
sylvanian time and some of these would gradually carry the coal swamps

under the level of the sea. At such times the swamps would be covered by -

layers of sand or mud or perhaps limy ooge, depending on local conditions.
These materials in due time were consolidated into sandstone or shale or
limestone and also by thelr weight compressed the underlying bed of
vegetal matter until it assumed the characters of lignife or the various
grades of bituminous coal. The thickness of each deposit depended,
of course, on the length of time it was accumulating, the rate at which
material was contributed, the amouni of condensation caused by com-
pression or drying or chemical changes and doubtless by other factors.
The estimate has been made that a vigorous growth of vegetation would
yield annually about a ton of dried matter per acre. If the annual yleld
for a thousand years were all preserved, except for the natural loss by
escaping pases, and were duly compressed it would yield less than an
ineh and a half of coal. In spite of this slow growth some Iowa coal
beds are knownh to have thicknesses of eight to ten feet, and one bed with
a measured thickness of thirteen and one-half feet and a reported thick-
ness at another polnt of ‘sixteen feet hag been found in Marion county.
Most of the beds which are worked, however, are four to five feet thick
on an average. From these thicknesses they range down fo mere films
between layers of ghale or other rock.

The coal beds form only a small percentage of the fotal thickness of
the Iowa coal measures, as is true in other states. The purlty of the
coal would depend on the amount of waste matfer—mud and sand—
which was washed in from surrounding uplands or brought In by streams.
If such material were nearly or entirely absent the deposit might become
a high grade coal while conversely a large amount of this waste material
would cause the deposit to be bony coal or perhaps only a carbonaceoua
shale. :

Des Moines Series, The rock makers of the Pennsylvanian—ceuglbm-
erates, sandstones, shales and limestones—form much the greater bulk
of the strata, even though they are not quite so important economically.

The source of thege materials has been mentioned above, and it may-

be said in addition that the conglomerates would accumulate cloge
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to the land, where the streams and the currentgs would first begin to
drop their loads, while the sands and clays would be carried and dropped
progressively farther off shore, where the waters were quieter and the
currents had less and less carrying power. The limestones would form
in #till, clear, though not necessarily very deep waters, but nevertheless
under more f{ypically marine conditions, With a knowledge of these
varylng conditions under which different strata form we are able to
recreate to some extent a picture of ithe clrcumstances under which the
earlier beds of the Pennsylvanian system of lowa strata were Iaid down.
These beds are known as the Des Moines series, and at present they cover
southwestern Jowa and extend as far north ag Onawa and Humboldi while
their eastern margin may be defined roughly as along a line drawn be-
tween Towa Falls and Keokuk. Undoubtediy the Des Moines seas had a
much wider extent as outliers of thelr deposits are known at many places
as far north and east as Iowa City and Maguoketa, and a large mags with
workable coal heds is preseni between Muscatine and Davenport. Prob-
-ably at their widest extent the Iowa and Illincis arms of the interior sea
were united over eastern Iowa and western Illinois, Most of these out-
liers, however, contain no coal beds or only very thin ones, indicating that
conditions in those localities or at those times were not favorable to the
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16, 2. Sketch map showing distribution of the Towa sirata which contain coal {Des
Moines and Missouri series) and Hgnite (Cretaceous)., Rooks of the Des Moines series
underlie those of the Missouri series and the Cretaceous system., All are more or less
covered by glacial drift, The broken line in Appanoose and Wayne counties incloses the
aren in Iowa underlain by the Mystic coal; the broken line across Taylor and Adams
counties represents the eastern limit of the Nodaway coal, The Cherokee coals are dis-
tributed throughout the Des Moines series. See the text. ‘The irregular northwest-south-
east lines aercsg eastern lowa represent the eastern margins of older systems of rocks,
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accumulation of coal, It is a peeculiar fact and one of large économic in-
terest that very little coal has been found in these strata west of Guthrie
Center and Jefferson—or in other words, west of the eastern margin ot
the overlying strata. A few evidences of the presence of coal have been
found, as at Missouri Valley and Denison, but here again conditions
for extensive coal formation do not seem ito have been present. Most
eoals of the Des Moines series belong in the Lower Cherokee beds, the
lowest part of the series, but the Mystie seam is in the Upper Cherokee
and the thin coals of Guthrie and nearby counties belong in the Henrietta
beds, which are younger than the Cherokee beds and overlie them,

Missouri Series. In southwestern Iowa the Des Moines series is over-
lain by a group of beds known as the Missouri series. This consists of
many alternating beds of Hmestones and shales of marine origin together
with two beds of coal, which regemble the Mystic bed in their unitormity
of thickness and character and their rather wide distribution. The upper
or Nyman coal is too thin to be of economic importance, as it iz not
more than a foot thick., '"The lower bed, the Nodaway coal, is about
eighteen inches thick and has been mined in Montgomery and Page and
western Adams and Taylor counties. It comes to the gurface in the latter
two countles but is known from borings as far west as Nebraska City.

Cretaceous System. Overlying all the older formations of northwestern
and west-central Towa are the gandstones and limestones and shales of
the Cretaceous system. The Cretaceous of northwestern Towa carries
some lignite, but the beds are too thin and of too poor quality fo be of
economic value. The sandsiones extend as far east as Jefferson and
Guthrie Center and as far south as Cass and Adams counties, with out-
liers beyond, but their chief importance lies in the fact that they cover
up the Missouri and Des Moines beds and so render these formations
more diffieult of access, :

Amount of Cogl. In connectlon with this study I have made these
computations regarding the amount of Iowa coal. The area of Iowa
underlain by beds of Des Moines age Is 24,2560 square miles. I suppose
that all of this area may be considered as legitimate prey for the promoter
if not for the prospector. The area of Des Moines beds which are not
covered by Missouri or Cretaceous strata is about 11,250 square miles, or
7,200,000 aeres. If now we consider all of this area to be coal-bearing,
which probably s an exaggeration, and if we assume an average ihick
ness of workable coal of four feet, which probably is a sufficiently liberal
allowance and which will give a content of 4000 tons per acre, we shall
have a total original volume of 28,800,000,000 tons. The total possible
ares underlain by the Nodaway coal of southwestern Iowa is about 1500
square miles or 960,000 acres, aceording to recent studies of that region.
The maximum thickness which we may assign to this coal is 1,5 feet,
which would give a vield of 1,440,000,000 tons. The total coal supplies
from the two series of strata, then, would be 30,240,000,000 fons. Now on
the one hand future explorations may extend the known areas of work-
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able coal and we may have to usge thinner and deeper beds than those
now being mined, These factors if realized wiil increase the available
supply. On the other hand it is practically certain that hundreds of
square miles within the productive territory are absolutely barren and
that other hundreds contain only beds that are too thin to be of greai
gervice under any economic cenditions.. Then too ihere are bodies of
coal of workabhle extent and thickness which have toco poor roof or ioo
much water to be used. These factors will decreaze the avaiiable supply
by an unknown amount, but by onhe which will, { fear, at least .counter-
balance the favorable factors.

Depth of Mining, With regard to the possible depth of mining in Iowa
it may safely be said that there is no danger of the economiecal limit being
reached for the simple reason that coal absolutely does not exist in Iowa
at the great depths whicl: are entirely feasible with modern mining and
hoisting machinery. The deepest mines in the state are in Dallas county
near Watukee and are 373 feel and 417 feet deep. The Des Moines and
Missouri strata are thickest in the southwestern part of the sgtate, and
here the records of wellg at Clarinda and Bedford place the base of the
Des Moines series—the lowest possidble horizen for finding coal—at 1610
feet and 1340 feet respectively below curb, probably the greatest depths
these strata reach anywhere in the state. In 1913 the Assumption Coal
Clo. was hoilgting coal in Chrigtian county, Illinois, from a depth of 1004
feet, A good many shafls in the anthracite field of Pennsylvania are more
than 1000 feet deep. An KEnglish celliery is hoisting coal from a two- to
six-fool bed at a depth of 3300 feet, and another is mining a two-fool bed
2460 feet below the surface. These flgures indicate the possibilities in
future Iowa mines if necegsity arises.

Coal Production, Up to the end of 1829 Towa coal mines had produced
279,786,000 toms, of which practically 115,600,000 tons had been mined
gince 1910. H we assume, as is usually done, that half a ton was left in
the mine for each ton that was removed, that means a total exhanstion
of 419,679,000 tons or about 1.4 per cent of the fotal supply. If we estimate
the annual exhaustion as 10,000,000 tons, the average for the past {wenty
years, we shall see that the supply is still good for nearly 3000 years.
Even if it seems best to réduce the estimate by fifty per cent, the suppiy
is sufficient to remove worry to the distant future—as haman life goes.
The Nodaway field, at the present rate of exhaustion, aboui 35,000 tons
& year, ghould last for 40,000 years. . )

The earliest recorded production of coal in Iowa was given in the
T. 8. Censug for 1840 as 400 tons. In 1848 the produection reached 10,000
tons; in 1876 the ouput was 1,250,000, and by 1899 it had reached 5,000,000,
The largest production was 8,965,000 tons in 1918, although the greatesl
spot value wag reached in 182{, when the output was valued at $30,800,000.
Since 1920 the produciion haé heen less than during most of the earlier
years of the present century, reaching a low Ievel of 2,950,000 fons in
1927. In 1929 output had grown to 4,241,600 tons, valued at $11,948,000.
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Mining Methods. The Nodaway coal is mined by the longwall system,
by which the eoal is undercut and breaks down by its own weight and
that of the overlying strata. Powder is not used to a great extent, and
hence the coal ig not shot to pieces so badly as by other methods. A
few machines have been used for undercutting, but most of the work is
done with plcks. Similar methods are used in the Centerville (Mystic)
bed of Appanocose and Wayne counties, except that a number of machines
are used in the former county. In most of the other IJowa minés, the
shortwall or room and pillar method is used, and the coal is “shot from
the solid.” That is, it is drilled and blasied with powder or other explo-
sive, after a cut has been made along the side of the room. This method
produces a great deal of small coal which must be gold as steam ecoal,
but it seems to be preferred by the miners, However, maching mining
and the longwall gystem are used in some mines. Over a hundred mining
machines are in use in the state. Shortwall mining necessitates leaving
about cne-third of the coal in the ground, while longwall methods permit
nearly complete extraction,

Lamination. Because of their thinner cover and the other conditions
mentioned earlier in this paper the Iowa coals have not been compresgsed
into so hard layers as have the eastern coals. - All coals show more or less
alternating bright and dull laminae, of which the latfer are somewhat
softer than the former and contain more mother coal or mineral charcoal.
This mother coal is softer than the brighter coal, and a coal which con-
tains much of it will not have the hardness and the ability to stand up

under rough handling and other treaiment ihat brighter more solid and

uniform coals possess. Doctor Savage of the Iilinols Geological Survey
has suggested that the mother coal and the dull laminae were formed
when the water level of the swamp was a little lower than usual and
decay of the vegetation went on for a time in the air. When the water
jevel rose the layers formed under water would make the bright bands.
Iowa coals contain a good deal of mother coal and dull laminae, Sc do
Iliinois coals, but the eastern coals are more uniformly bright.

Summary. In summary we may state that: Coal was formed in
swamps, many of which were of greai extent. The thicker the cover the
harder the coal. .

Crustal movements and changes of the rocks help to make harder
coal. Iowa coal is of Pennsylvanian age, as are the eastern coals,

The coal beds alternate with other strata owing to changes in level of
gea and land and changes in deposition.

The known productive coal areas of Iowa amount to about 12,750
square miles, of whieh 11,250 sguare miles are in the Des Moines series
of strata and 1,500 miles in the Missouri series, The possible tonnage of
this area is 30,240,000,000.

No coals exist in Iowa beyond the economical limit of mining.
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Only a litfle more than one per cent of the possible supply has been
used so far. At this rate there is coal enough to last about 3,000 years.

The Centerville and Nodaway coals are mined longwall, without shoot-
ing, Most other coal is shot and is mined shortwall,

Because of thinner cover and less alteration Towa coals are softer
than eastern coals. Also they contain more alternationg of softer dull
laminae and harder bright laminae, which adds to thei;' softness.




