Analyses of Iowa Coals

With a Discussion of their Physical and Chemical Properties
from the Industrial View Point

BY

W. A. Hixson







CONTENTS

PAGE
¢ el del i e ! et Sttt T o o S I NS - G U o Tl bt RO il i e 09
Collection ot damnplar b T g R e S L e e 0 ATkl A B E e 692
Proximate analysis ................ T A e b 1 S B 692
Lahoratory raebnada o o o e e L M ety CE oy 692
Preparriion ~obr the  Bamanom o0 bl ol S i e’ o ki e o ST Ll e £ oot v o oo et o 693
o e R RS AR I s St S I e SLTy ) M ettt T TSl 693
ARER FerE L et SR NN R RS | TR S AR T RY L PN b, 894
Volatile:/eombu s IS sl e o e Tt . o g e ot oo e 694
£ 5= 00 MEL D 017D o Moy o e et [ O Fll N = L SO0 el - Tl K i P el T S L g 694
SUBGFRTE, .. ol b e p R S e e L b e 694
Ultimate analysis .......... o o, A Bl e B g et L LR 696
Canbommand R, s e e e A o e e Tl 696
INFTE oy e A ey, TR S el E L W g R T T R SR 698
Calorsfic :palre e . . bl e e .. Pl Tl i o S o Bt TRty 0 698
il ol e e R e I o o Eif XTI e RN 699
AnANYEIE O 28R 0f CORl SRMIDIeS. . L.n ) e ih e i m CE e A e e ey 700
(OF (e V2T ) ¢ gar €06 T ) 3t i S e D WU SRS T B 5l R g 4§ T o R i) 701
Dascription. of DIiNeS SAMPIEA. . «.w i s % migue e v ihe fomsi e s ol oot oo s aroirn o v Lo bimen 702
Sample Number 10, Atwood Coal Company, What Cheer................ 704
Sample Number 11, Crescent Coal Company, Oskaloosa................. 706

Sample Number 12, Armstrong Brothers Coal Company, What Cheer.... 708
Sample Number 13, Fort Dodge, Des Moines and Southern Railway Com-

oXon o Mol B oo [ E RO Vo il W e e O | (i ] e o i S i 710
Sample Number 14, Campbell Coal Company, New Market.............. 712
Sample Number 15, Wapello Coal Company, Hiteman................... 714
Sample Number 16, Phillips Fuel Company, Ottumwa.................. 716
Sample Number 17, Willow Grove Coal Company, Angus ............... 718
Sample Number 18, High Bridge Coal Company, Madrid................ 720
Sample Number 19, Phillips Fuel Company, Ottumwa................... 722
Sample Number 20, Keystone Coal Mining Company, Des Moines........ 724
Sample Number. 21, English Creek Coal Company, Oskaloosa ............ 726
Sample Number 22, Bennett Brothers Coal Company, Des Moines...... 728
Sample Number 23, Bolton-Hoover Coal Company, Oskaloosa............ 730
Sample Number 24, Colfax Consolidated Coal Company, Colfax......... 732
Sample Number 25, Enterprise Coal Company, Des Moines............. 734
AelaEe ORI S T e b et I N e s A Tl = o oy 736

General discussion and conelusion.............ciiiiitiiiiiiiiiiiiieaaenn 738
P e ot 5o e B el s e N e N TS D e Bl 0 ol e B AR - T 738
Volatile combustible matter: .. oawiGmae sk sl o S Sl e e e . T40
FUSEHTCRRDON. |- i erene i ey 1 4 S e e bl SRR HC e E R e B8 742
AR e iy e e R o i) SR I R E TS 743
Sulphur .......... E i oy Oy e S e A e T BT R T 745
oy rh 017007 ) ey e RV SRS i e b S T R L Ll o B o o ] AP e M 746

Purchase of coal under specification............. AL e F e et BH RS 747

44



690 CONTENTS

Specifications and proposals for Bituminous coal for steam power plants... 747

RO B e b L N L SR R e, S e o e o e 47
T h G e ere]s Y G AR B T L e 47
PEODOSaE— T ATATEN rih ok e o b e neh e sl o b [ e e eI BN 748
EOntraciDR B Bohd 05 Tea s SN P ] e TRl Gl e 748
e e O T e e g o L oy v 749
Description of coals deSire@ .........cuoeierieurinrnneenenasonennnsniin, 750
e e s A T s e e e L e R ol 751
U Il ol e A SR D o i, S BT e e e M I O A S N et 0 L ey 763
L) koot o Ly P By St B L S RS L 754
A O T e e e o B A s or it e b o E S S Ty s s 757
Camses: o ne ] CQbIams S e T e e A L e e P A N e 757
i g (SR oy Bl 077 210 S0 T A S o o e st ey i A A S | et e g T R 759

Thfornaaltiony taPensuPPIEAE Say. s b e 4 e e e ke Bt T 762



ANALYSES OF IOWA 'COALS.
BY A. W. HIXSON.

Introductory.

During the summer of 1909 samples of Iowa coals were col-
lected and proximate analyses were made. The results of these
analyses were published in the Annual Report of the Iowa Geo-
logical Survey (Vol. XIX, pp. 476-519).

After the Report had gone to press it was decided that ul-
timate analyses of these samples should be made so that the
chemical properties of the coals could be studied in greater de-
tail. The following facts brought about this decision: (1)
The samples had been taken with great care according to ap-
proved scientific methods. -(2) The samples had been taken
from producing mines in ten different counties, so that prac-
tically the whole Towa coal field was represented. (3) The
samples had been taken under the same conditions so that the
analytical results could be compared. (4) The samples had
been collected at comsiderable cost. (5) Ultimate analyses of
samples of Iowa Coals taken under uniform conditions had
never been made. (6) Such information was needed for calcu-
lations in power and heating problems, and for use in writing
specifications for the purchase of coals.

The ultimate analyses were made by the same chemist who
made proximate analyses, the conditions being the same except
that the ultimate analyses were made at a little later date.

It has been considered wise to republish the proxzimate analy-
ses along with the ultimate analyses so that all of the analytical
data will appear together in a more useful condition.

Slight errors have been detected in the ‘‘analysis corrected
to sample as received’’ as published. The calculations are cor-
rected in this work. A quite complete analysis of the ash of each
sample has been made.
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Collection of Sample.

The samples were collected by Mr. James H. Lees, Assistant
State Geologist of Towa. Mr. Lees’ description of the methods
he employed is as follows: Practically the “‘same method of
mine sampling was used as was employed by the United States
Geological Survey in collecting the samples which were an-
alyzed at its coal-testing station at the Louisiana Purchase Ex-
position at St. Louis in 1904. The method was about as fol-
lows: The room or entry selected for sampling was one from
which coal was being mined at the time the sample was taken
and thus a fresh face was assured. A portion of the face was
cleaned to remove powder smoke or coal 'which had been -ex-
posed. to the air for any considerable period of time. A strip
was then cut across the seam from floor to roof about three
inches wide and one inch deep. All bony streaks or sulphur
bands over one-fourth inch thick were thrown out. The coal cut

- down in this way was collected, as it fell, upon a rubber cloth to
avoid any danger of mixture with dirt or moisture on the floor.
Immediately upon arrival above ground, the sample was broken
up, on a clean hard surface, into fragments one-half inch or less
in diameter. It was then thoroughly mixed and quartered,
alternate quarters rejected, and the remaining quarters mixed
and further pulverized and again quartered, until about a
quart remained. This was put into a clean can with a tight fit-
ting lid, which was driven down solid and the joint sealed by
wrapping with tire tape, so that it would be air tight. In short,
every effort was made to the end that the sample should repre-
sent as closely as might be, the commercial output of the mine,
and the original characterlstlcs of the coal should be preserved
until it was analyzed ‘

A slip of paper giving the number of the sample together
with the name and location of the mine was enclosed in the can
to- render. identification certain. The sample number was also
marked on the outside of the can. The sample was later ship-
ped by express to the lab01atory at Iowa City.

Proximate Analysis.

Laboratory Methods—The methods followed in the analyti-
cal work were essentially those adopted in the report of the
committee on coal analysis of the American Chemical Society
and those employed in the laboratory of the coal testing plant
of the United’ States Geological Survey at the Lou151ana Pur-
chase Exposition in 1904.
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The analytical work consisted of the proximate and ultimate
analysis of the coal samples with the determination of Specific
gravity and Calorific value in addition. A complete analysis of
the ash of each sample was also made.

Preparation of the Sample.—When the sample arrived at the
laboratory it was immediately given a serial number for identi-
fication purposes in the laboratory. The number and desecrip-
tion on the tag were compared with the number and description
on the slip of paper within the can to make sure they agreed.
The number and description were then entered in a book for
permanent record together with notes concerning the condition
of the sample when it arrived.

The coal was then poured out upon a well cleaned bucking
board, crushed, mixed and quartered down to one pint. One-
half of this was spread out upon a shallow tinned iron tray ten
inches in diameter. After weighing, this portion was set aside
for air drying. The other half was run through a coffee mill.
A portion of the well mixed ground sample was placed in a
tightly stoppered bottle for the moisture determination. The
crushing, quartering and grinding of the sample were done as
quickly as possible to prevent loss of moisture.

The coal was air-dried for ninety-six hours and weighed.
The time at which the weighing was done together with the tem-
perature and humidity of the air were recorded. The air-dried
sample was crushed and quartered down to 150 grams. The
final erushing was to 100 mesh. This sample was then placed in
a tightly stoppered bottle and was used for the proximate and
ultimate analyses and calorific value determinations.

All samples were mixed on a rolling cloth before weighing
out for each determination,’ to insure a perfectly homogeneous
sample. All determinations were made in duplicate.

Moisture.—One gram of coarsely ground fresh coal was dried
in a weighed porcelain crucible at 105° C. for one hour, in a
double walled, electric over. The covered crucible and its con-
tents were cooled in a dessicator and weighed. Moisture in the
air dried sample was determined in like manner. ‘
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It was found that the moisture determination cannot be made
with any degree of accuracy if the sample is finely ground.
This is due to the fact that the fresh sample loses moisture
rapidly during the grinding operation. For this reason the
fresh sample for the moisture determination was ground in a
coffee mill.

Ash.—A portion of powdered coal used for the determination
of moisture in the air-dried sample was burned at first over a
Bunsen burner with a very low flame until all of the volatile
matter was driven off. The final burning was done in a gasoline
muffle furnace, the temperature being kept at that of low red-
ness. Ignition was continued until constant weight was obtained.

If the volatile matter is expélled too quickly, as will be the
case if too high a temperature is employed at first, considerable
difficulty will be experienced in obtaining complete ignition.

Volatile Combustible Matter—One gram of the air-dried
sample was weighed into a previously ignited and weighed
platinum crucible with a tightly fitting cover. This was heated
for seven minutes over the full flame of a Bunsen burner, then
cooled in a dessicator and weighed. The crucible was supported
on a pipe clay triangle resting upon a tripod, the bottom of the .
crucible being seven centimeters above the top of the burner.
The burner when burning freely gave a flame from seventeen to
twenty centimeters high.

Fized Carbon—Fixed carbon is the difference, in percentage,
between the sum of the percentages of the other constituents
determined and 100. No correction was made for the sulphur
which goes partly into the volatile combustible matter and
partly into the coke. Fixed carbon may also be found by sub-
tracting the percentage of ash from the percentage of residue
left after expelling the volatile matter.

Sulphur.—This was determined by the Escka Method. One
gram of the finely powdered air-dried coal was weighed into a
platinum dish of 100 ce. capacity. To this was added one and
five-tenths grams of an intimate mixture of one part dry sodium
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carbonate and two parts of magnesium oxide. The coal and the
mixture were well mixed together by stirring with a glass rod.
The contents of the dish were then heated over a Bunsen burner
very gently until all of the volatile matter was expelled. This
required about thirty minutes. Then the heat was increased
until all traces of carbon disappeared. To prevent any sulphur
from the gas from contaminating the determination, the plat-
inum dish was fitted in a hole in a piece of asbestos board.

- After all traces of carbon were removed, the contents of the
dish were transferred to a numbered beaker and digested with
75 cc. of water for thirty minutes. The solution was then filtered
and the residue washed twice by decantation with 50 cec. of
boiling water. The residue was then transferred to the filter
paper and again washed with hot water until the filtrate gave
only a slight opalescence with nitric acid and silver nitrate.
The filtrate at this point amounted to about 200 ce.

Ten ce. of saturated bromine water and 3 ce. of concentrated
hydrochloric acid were added to the solution, which was then
boiled slowly until all of the bromine was expelled. Then the
sulphur was precipitated by adding to the boiling solution 10
ce. of a ten per cent barium chloride solution. This was added
drop by drop and the solution was vigorously stirred. The so-
lution was allowed to stand two hours at a temperature slightly
below boiling. The barium sulphate was then filtered off and
washed with hot water until free from chlorides. The filter with
the moist precipitate was transferred to a weighed porcelain
crucible which was heated over a low flame until the paper was
burned off. The heat was then raised until the precipitate
became a dull red. The heating was continued until the carbon
was burned out. The crucible with the precipitate was then
cooled in a dessicator and weighed. Careful ignition was re-
peated until constant weight was obtained.

Blank determinations were made, using all of the reagents in
the same quantities and the determination was carried out ex-
actly as with the coal. Any barium sulphate found was sub-
tracted from that obtained in the coal determination. The true
weight of barium sulphate multiplied by 0.1373 gave the weight
of sulphur. '
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Ultimate Analysis.

Carbon and Hydrogen~—The carbon and hydrogen determina-

‘tions were made in a’twenty-seven burner Bunsen combustion
furnace. The burners were adjustable so that the temperature
in different parts of the furnace could be varied.  Kavalier glass
combustion tubes, seventeen millimetres in diameter were used.
The tubes were cut long enough to project about ten centimetres
beyond the ends of the furnace. The rear end of the tubé was
closed with a single hole rubber stopper into which a branching
tube with a two way cock was fitted. The two way cock was used
for the alternate admission of air and oxygen into the combus-
tion tube. The rear end of the tube for a distance of thirty
centimetres was left empty. The next forty centimetres was
filled with wire copper oxide. This was held in place by acid
washed, ignited asbestos plugs. Following the copper oxide
the tube was filled for a distance of fifteen centimetres with
granular fused lead chromate. This also was held in place by
an asbestos plug. '
" The purifying train through which the oxygen and air were
passed before entering the combustion tube, was arranged in
duplicate, one part for oxygen and the other for air. The puri- -
fying apparatus used was Tauber’s. The first jar contained
concentrated sulphuric acid, the next jar contained potassium
hydroxide solition, one limb of the U tube contained fused
calcium chloride and the other small pieces of KOH. The potas-
sium hydroxide and fused calcium chloride were separated by
glass wool. This arrangement removed carbon d10x1de and
moisture from the air perfectly.

The absorptlon apparatus consisted of a orlass stoppered U
tube which contained concentrated sulphuric acid and a Geissler
bulb which contained a potassium hydroxide solution. The
Geissler bulb and the sulphuric acid tube were connected by
means of a small piece of shellaced rubber tubing. Wherever
rubber tubing was used in the combustion train it was shellaced
on the outside to prevent leakage from outside. The absorption
tubes were protected by a pair of glass stoppered U tubes one
of which contained concentrated sulphuric acid and the .other
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potassium hydroxide solution. The absorption tubes were con-
nected to the front end of the combustion tube by a glass tube
which was tightly fitted into a well rolled cork.

After the combustion. train was assembled. it was tested for
leakage. No difficulty was experienced in removing all of the
CO, and moisture from the gas and air drawn through the ap-
paratus. 4

The analysis in detail was as follows:

Two-tenths of a gram of the well mixed air-dried sample was
weighed into a previously ignited and weighed platinum com-
bustion boat. After weighing, this was quickly transferred to
the combustion tube and pushed up close to the rear end of the
copper oxide. The amount of time required for mixing and
weighing sample was two and one-half to three minutes. This
part of the operation was hurried as much as possible to avoid
change in moisture content. The burners underneath the cop-
per oxide and lead chromate were then lighted. The burners
were so adjusted that the copper oxide was brought to bright
redness and the lead chromate to low redness before the burners
were turned on under the coal. The coal was slowly heated,
first by turning the burners on behind the boat and then un-
derneath, to prevent the volatile constituents being driven off
too. quickly. If the volatile constituents are driven off too
quickly a great deal of time is required for complete combus-
tion. - The final temperature was kept below that of the fusion
point of the ash. While combustion was going on air was slowly
pulled through the train. When combustion was almost com-
plete oxygen was passed through the tube to insure complete -
combustion. After the combustion was complete air was again
passed through the train to sweep out the last traces of mois-
ture and carbon dioxide. After complete combustion the tem-
perature of the tube and its contents was slowly lowered to
prevent the tube from breaking and to prepare for another
combustion. - =

After cooling for several minutes in the balance case, the
absorption apparatus was weighed and the gain in weight of
each tube noted. From the gain in weight of the sulphuric acid
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tube and potash bulbs the hydrogen and carbon contents were
calculated.

Nitrogen—The Kjeldahl method was employed for the de-
termination of nitrogen. One gram of the well mixed air-dried
sample was placed in a 200 ce. Kjeldahl digestion flask and was
digested for about an hour and a half with 30 cc. concentrated
sulphuric acid and about .65 gm. mercury. The time required
for the digestion varied slightly with different samples, the di-
gestion being continued in each case for at least forty minutes
after oxidation was apparently .complete. The vapors from the
distillation flask were condensed in a tin condensing coil which
was connected to the digestion flask by means of a glass tube
and a close fitting rubber stopper. The coil of the condensor
was surrounded by cold water.

The ammonia found was absorbed in 10 ce. standard sulphuric
acid of which 1 cc. was equivalent to .005 N. The remaining
acid was titrated with standard ammonia (1 ec.=.0025 gm. N.).

Calorific value—This was determined with a Parr Standard
Calorimeter, which was installed in a room as free as possible
from fluctuations in temperature. The apparatus was care-
fully standardized, the water equivalent being determined by
different methods as follows: (1) Calculation of the water
equivalent from weights and specific heats of the different
parts of the calorimeter. (2) By burning resublimed naphtha-
lene in the bomb. (3) By burning pure cane sugar in the bomb.
The results of the three different determinations agreed closely.
The correction components used for the chemicals, iron wire
and for the varying compositions of the different coals were
those determined by Prof. S. W. Parr, of the University of Illi-
nois.- The thermometers used were standardized by the Bureau
of Standards in Washington.

One gram of .the powdered air-dried coal was weighed into
the bomb of the calorimeter. To this was added one gram of
accelerator (potassium chlorate) and fifteen grams of perfectly
dry pure sodium peroxide. The false cap was then put into
position and screwed firmly into place and the ingredients
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mixed by shaking the bomb thoroughly. The material was then
shaken to the bottom of the bomb, the false top removed, the
ignition device inserted and firmly screwed in place. The
bomb now complete was put in place into the can which con-
tained exactly two litres of distilled water. The lid was then
placed on the calorimeter, pulley attached and the thermometer
inserted so that the bulb was half way to the bottom of the can.
The water was stirred by metal wings attached to the bomb
which was revolved by a belt from a small motor.

The motor was started and apparatus allowed to run for five
minutes before ignition in order that the rate of change of
temperature might be noted by taking a reading each minute.
At the end of the fifth minute the charge in the bomb was ig-
nited by closing a switch which allowed an electric current of
four and one-half amperes to quickly fuse a thirty-four gauge
1ron wire, four inches long, which extended into the charge in
the bomb. The temperature was read each .minute until the
maximum was reached, then each minute for five minutes to
obtain the rate of change of temperature due to radiation.

The apparatus was then taken apart, each piece dried thor-
oughly, and prepared for a new charge. The room temperature
was taken during each determination.

The calorific value was calculated by multiplying the number
of British Thermal Units corresponding to.one degree inerease
in temperature by the total rise of temperature obtained after
the correction factors had been subtracted. The calorific value
was also calculated in calories. Corrections other than those
noted above were made for the formation of nitric acid and com-
bustion of sulphur to sulphuric acid.

Specific Gravity—The true specific gravity of the coal sub-
stance was determined by the method described by Stanton and
Fieldner in Bureau of Mines Technical Paper, Number 8. The
procedure was as follows: Three and five-teriths grams of the
finely pulverized coal was dried at 105° C. for one hour. This
was placed in 50 cc. pycnometer with 35 cc. of distilled water.
The contents of the flask were boiled slowly under reduced
pressure on a water bath. Mo prevent loss of solid particles



700 ANALYSES OF IOWA COALS

'during boiling, a six inch two bulb drying tube was fitted into
a well rolled cork stopper in the neck of the pycnometer. . The
other end of the drying tube was connected to an aspirator.
The boiling was continued under reduced pressure for several
hours . to insure complete removal of all air. Theé. drying tube
was removed from the neck of the pycnometer which was nearly
filled with. boiled, cooled, distilled water. The pycnometer with
«contents was allowed to cool to room temperature in the bal-
ance case, stoppered and weighed. The temperature of the
contents was taken at time of weighing. The pycnometer was
emptied, dried and filled with boiled, cooled, distilled water and
placed in the balance case until the temperature of the con-
tents was the same as that of the balance room.. The pycno-
meter was then stoppered and weighed. The true specific
gravity was then caleulated as follows:

W

True specific gravity=——
- W—(W—P)
W =weight of coal.
Wi=weight of pycnometer+coal--water to fill.

P =weight of pycnometer+water to fill.

Analysis of Ash of Coal Sampies,

Quite complete analyses of the ash of the coal samples ex-
_amined, were made. The procedure was as follows: 100 ‘grams
of the air-dried coal sample was placed in a well cleaned, pre-
viously ignited, fire ¢lay crucible. Only crucibles which had a’
perfectly smooth inner surface were used. The crucibles used
were furnished by the Denver Fire Clay Company of Denver,
Col. The crucible was placed in the cool muffle of a gasoline as-
say furnace. The temperature was raised very slowly until all of
the volatile matter was driven off. The muffle was then heated
to low redness and kept at that temperature until ignition was
complete. The ash was removed, cooled in a dessicator, well
mixed and a small portion weighed into a weighed platinum
crucible. The content of the platinum crucible was ignited,
cooled and weighed to determine if the ignition in the muffle had
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been complete. If the ignition in the platinum. crueible showed
a loss in weight the sample was returned to the muffle and heated
until ignition was complete. This method allows large samples
of coal to be ashed and a large number of samples to be run
at one time, and has the further advantage that the tempera-
ture can be easily controlled. After complete ignition in the
muffle furnace the samples were cooled in a dessicator and
transferred to a previously dried, glass stoppered bottle. The
well mixed samples for analysis were weighed out from the bot-
tles as they were needed. CaO, Fe,O,, Al, 03, Si0,, MgO,
P.O;, and SO, were determined.

The methods used for these determinations were standard
methods and inasmuch as complete analyses of coal ash are
rarely ever made, it has not been thought necessary to give
details of procedure other than those already given.

Calculation of Results.

The actual determinations were those made upon the air-
dried sample. The results tabulated under the heading, ‘‘Re-
sults corrected to sample as received,’”’ were not obtained by
analysis of the original sample, but were calculated from the re-
sults of the analysis of the air-dried sample. The only determin-
ation made on the original sample was moisture.

The calculations from ‘‘air-dried’’ to ‘‘as received’’ condi-
tions were made according to the following formule: (Method

of statement of formul®e taken from Bureau of Mines Bulletin,
No. 22, page 26.) . '
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“Ajr-driel’” condition. “As received” condition.
100—air-dry loss
Moisture at 105° C. X lair-dry loss =moisture .
100
100—air-dry loss
Volatile matter X =volatile matter
100
100—air-dry loss
Fixed Carbon X =fixed carbon
100
100—air-dry loss
Ash BX =ash
100
100—air-dry loss
Sulphur X =sulphur
100
100—air-dry loss air-dry loss
Hydrogen X + =hydrogen
100 9
100—air-dry loss
Carbon X =carbon
100 3
100—air-dry loss
Nitrogen X . =nitrogen
) 100
100—air-dry loss
Calorific value X =calorific value
100

The heat values obtained from the ultimate analyses were
calculated by DuLong’s formula. The form of the formula

used is:
weight oxygen

Weight carbonx8080+ (weight hydrogen— ) X344604+

8
weight sulphurX2250=Canriés per gram.
Calories X 1.8=British Thermal Units.

The sulphur values in the ultimate analysis were obtained by
deducting the amount of sulphur found in the ash from the
amount of total sulphur.

Description of Mines Sampled.

The descriptions of the mines sampled, which appear on
pages opposite the analyses, were written by Mr. James H.
Lees, Assistant State Geologist, who collected the samples.
These descriptions are taken from Vol. XIX, pages 482-487,
Annual Report Towa Geological Survey.
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Sample Number 10." -

Description of Mine. _ k
Operator. Atwood Coal Company, What Cheer.

Mine. Blyth mine, three miles northwest of Rose Hill,
Mahaska county, on long switech from Knoxville branch,
Chicago, Rock Island and Pacific Railway.

-Sample collected. May 18, 1909.

by

ﬁscr@'ption. The mine was sampled in the fifth north
entry on the west side of the mine, 840 feet from the shaft.
The vein dips steeply in this entry. It shows a thickness of
5 feet 1 inch where sampled. The coal is very clean-looking,
without sulphur bands or rock. Only one vein is present.
The mine when sampled had been running four years and
employed 100 med. (See Vol. XIX, page 202, Annual Re-
port of Towa Geological Survey.)

Discussion of Analytical Results.

Although the coal in plate showed no sulphur bands, the
analysis shows this element to be present in quite large
amount. The presence of so large ‘an amount of sulphur
would undoubtedly cause this coal to be more destructive to
grates and fire boxes than the average Iowa coal. The loss
of moisture on air-drying is that of the average Iowa coal.
Slagging will be more noticeable with this coal, if firing is
forced, than with some of the other coals examined, due to
high pyrite content. The-ash contains an abnormal amount
of sulphur. The heat value is above average. The oxygen
content is one of the lowest found in the coals examined.
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Sample Number 10.
Per Cent. Per Cent.
Loss of moisture on air-drying___._. 9.53
Analysis of air-dried sample: Analysis corrected to sample
Proximate— as received: Proximate—
N GISthmRe: e o UL Tl Ses e S T PUSS S e e 14.57
Volatile combustible matter -_._ 36.34 __________________________ 32.88
Fixed \Garbon. —F It il s 425007 B8 gl o 1o o R IR T > 20 1 ) T A 40.08
7.\ ) S Sl ot 102 K S e o e I E3ETRT o b e o o 1 S8 12.47
100.00 100.00
Total sulpbhur __________________ GLBIY, o SRR g PRGN ) 6.00
Analysis of air-dried sample: Analysis corrected to sample
Ultimate— as received: Ultimate—
Hipdrogen mwo s e s ot~ L e R i e BT o e e A 5.53
CATERN (L AN T - L (rbe ) S, R TP L BE SRR LR T BT B 56.90
NOIFOY S ST T e e S A O i — om0 1.27
OXFEEN - et =it s SET e B LT GG e RS £ i e W SR e T 18.37
Solplere SR e T = T RN 6.0 5.46
VAN e e BN e - e TGP <+ Y DRt L SR R SRR o AT, - O 12.47
100.00 100.00
" 2 . 3 A §B. T. U. 11814
Calorific value determined on air-dried sample__________ | Calories 6563
3 iy ; §B. T. U. 10688
Calorific value corrected to sample as received__________ | Calories 5938
Calorific value calculated from ultimate analysis of air- B. T. U. 11619
dried=ganmples = o= ie (AL Rl FE vl it N S o i S Calories 6455
1 - £ B. T. U. 10512
Calorific value corrected to sample as received__________ {'Calories 5840
Specific gravity of air-dried sample ________ 85" —_ 1.295
Analysis of ash from air-dried sample.
O Ay o WM - S P S T 18.21 per cent
CA0F, e W e s et g 1LY 17.74 per cent
GO et o L ) BT L o MINER SRRE. S 1.10 per cent
2T (0, I T b e el ol B o BRI 35.17 per cent
o1 FLC e 1y ey A R R R R PR i Tt 17.36 per cent
20 SN0, 2o 3 I 1 T DA S N SR Vil Tl el . .575 per cent
=19 SR, ol ST e w5 e T 5) M B 8.53 per cent
Undetermined . _cioe. dhwr s i i i 1L 1.315 per cent

100.00

45
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Sample Number 11.
Description of Mine.
Operator. Crescent Coal Company, Oskaloosa.

Mine. Crescent No. 5, White City, Mahaska county, on
Buxton branch Chicago and North Western Railway.

Sample collected. May 9, 1909.

Description. This sample was cut from the first room on
the eighth north entry on the east side of the mine about one
mile from the shaft. The coal was 7 feet 8 inches thick
with about 8 inches of slaty coal near the roof. It was dip-
ping steeply away from the entry. (See Vol. XIX, page
216, Annual Report Towa Geological Survey.)

Discussion of Analytical Results.

The analysis shows the air-dried coal to contain an aver-
age amount of moisture, high total sulphur, high sulphur in
ash and a lower than average moisture content in sample
when taken from mine. The heat value is slightly lower
than that of the average Iowa coal. The coal when com-
pletely burned gives a brick red ash with higher than aver-
age Fe,O; content. The ash content of this coal probably
varies considerably in car samples due to presence of vary-
ing amounts of the slaty material at the top of the vein. The
analysis shows a high ash content.
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Sample Number 11.
Per Cent. Per Cent.
Loss of moisture on air-drying____ 6.82
Analysis of air-dried sample: Analysis corrected to sample
Proximate— : as received: Proximate—
Maoldture - . L1 7 . R 05 I (17 5 VL ST AR S 1 12.56
Volatile combustible matter —___ 36.71 _____________ $Ze st 34,21
Fixed Carbon e ea e s Gy R R B L BES En) ) 38.88
7 - TERCTIL RS Py S | U b L P! e T Y B TP 143856
100.00 100.00
Total sulphur —_________________ LIS S et bl | Male Sl Ml S IR LTS 5.47
Analysis of air-dried sample: Analysis corrected to sample
Ultimate— as received: Ultimate—
JE Ry by 0frgsS U T G i S o (Rl ON, e B B F il e b B W 1 L 5.41
Garhinrts=aiy St L L e B B, R S S WM T D T T 57.21
NI O Bany . e s W L/ el e M e gl S ST F W 1.14
CxRganger " Ly L i . Bt n T SR T - T T 16.85
(20D S0 1SR gl e S e L s L T WL Bl sl sy T T T T iy 5.04
A T i e L ) e S B T 14.35
100.00 100.00
. % Bl {B.T. U. 11497
Calorific value determined on air-dried sample _________ | Calories 6387
o oAb ) : B. T. U. 107138
.Ca.lorlhc value corrected to sample as received__________ {Calories 5052
Calorific value calculated from ultimate analysis of air- §B. T. U. 11353
driedssampleeSr T gent = T i g B L e { Calories 6308
_ : S 203 {B. T. U. 10579
Calorific value corrected to sample as received____.___.___ | Calories 5877
Specific gravity of air-dried sample_-__-__ - ___-_______- . ___ 1.261

Analysis of ash from air-dried sample.

SOz | =CHRC LEP W= - RS L] LR 17.49 per cent
Craiy LS S - A ey S T o FETE TS e 16.40 per cent
M@, vt e il iy ST PR = S e ) F it 1.35 per cent
FiROgr il i e, o e e e . S 36.02 per cent
AL, =i LR TL SR st w e L N DG o 18.88 per cent
PO omatuiE L ELE e U Y SR .692 per cent
S0} s S S R R L R T SO 7.47 per cent
Undetermidned: (Ll ol clas il i T s 1.698 per cent
100.00

——

B
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Sample Number 12.
Description of Mine.

Operator. Armstrong Brothers Coal Company, What
Cheer. :

Mine. Armstrong, one mile east of What Cheer, Keokuk
county. No railroad connections.

Sample collected. May 19, 1909.

Description. The sample was taken from the first north
entry off the west main entry. The coal here showed a
thickness of 4 feet 2 inches and was clean and free from
impurities. (See Vol. XIX, page 288, Annual Report Iowa
Geological Survey.)

Discussion of Analytical Results.

Although the total sulphur content is well above that of
the average Iowa coal, the sulphur content shown in the
ultimate analysis is normal. The reason for this is that
a considerable part of the sulphur is present in such condi-
tion that it went into ash. The average SO, content of ash
of Towa coals is 6.00 per cent. An abnormal amount of
MgO in the ash is also to be noted. Loss of moisture on
air-drying is below average. The ash content is above
average.
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Sample Number 12.

Per Cent. Per Cent.
Loss of moisture on air-drying____ 7.83 '

Analysis of air-dried sample: Analysis corrected to sample
Proximate— as received: Proximate—
-Moisture” -2 ___ . 0 Pl IS N 14.68
Volatile combustible matter .. 38.21 ____________ L3 253 5e 20
Fixed Carbon — . _____ . _____ 72804 i R, Wt | I U S, SV IS Y 37.88
/v s SR ez v TG DTSRI IRTR 2 o Ep 10T A e i T A R A T 12.22
100.00 ) 100.00
Total sulphur . ____ Bl Spsbalic L Eas SRR - LY 4.75
Analysis of air-dried sample: Analysis corrected to sample

Ultimate— as received: Ultimate—
Hydrooon: ~tac S e umliasi <0 o Lo S 2l L, g 3 SRR SO R = 5.36
(213150 ¢ Rk & o Sy W e e R SR, (it M B I Rl S 57.84
N EEER ==t b= Sy R U s TR = = e
(el et nast ke - aunllne SIS IR T o T e S B AT o o A P 18.95
Sulphur ik B As e 2 68 e L e R e S D 4.31
Ash _ 14 AR A . L U G DS AT 12.22
100.00 100.00

Calorific value determined on air-dried sample__________ {B' T Tho L1410

Calories 6339
{B. T. U. 105617

Calorific value corrected to sample as received .- ______ Calories 5843

Calorific value calculated from ultimate analysis of air- B. T. U. 11322
dried sample __ Calories 6289

{B. T. U. 10435

Calorific value corrected to sample as received__.....___ Calories. 5797

Specific gravity of air-dried sample ' 1.2569
Analysis of ash from air-dried sample.
SO il e 20.81 per cent
GO =5 17.50 per cent
MgO 2.06 per cent
Fe,0, —_ 32.30 per cent
AlO, X 15.85 per cent
P.O; - Ly CES : .641 per cent
SO, =1 8.53 per cent
Undetermined 1.829 per cent

100.00
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Sample Number 13,
Description of Mine.

Opemtor. The Fort Dodge, Des Moines and Southern
Railway Company (electric) own controlling interest.

Mine. Ogden No. 1, two miles north of Ogden, Boone
" county, on switch from main line of Minneapolis and St.
~ Louis Railroad.

Sample collected. May 14, 1909.

Description. The sample was taken from the fourth

northeast entry. The coal is here 4 feet 4 inches thick, free

° from sulphur bands or balls as well as from rock. It is the

“‘lower vein’’ of the Boone county mines and averages 414

- to 5% feet. The ‘“upper vein’’ is about 50 feet above and
~is about 3% feet thick.

The shaft is 275 feet deep. It was completed in August

of 1907." The mine at the time the sample was taken had

~an output of 400 tons, of three grades, lump, range and

. steam. The Minneapolis & St. Louis Railroad Company at

* " that time used about 125 tons daily. About 200 men are

employed in the mine. The haulage is done by electricity.

" (See Vol. XIX, page 74, Annual Report Towa Geological
Survey.)

Discussion of Analytical Results. -

‘Thig coal is one of -the best-examined. The ash content
is' low, for an Iowa coal; although the sulpliur content is
high. . The heat value is well above the average. The iron
content in the ash.is quite high and it is quite probable that

- this coal will not stand forced firing on account of slagging.
All Towa coals slag, however, under certain conditions. The
cause and nature of slagging is discussed at another place.
The lime and alumina values in the ash are low.
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Sample Number 13,

Per Cent. Per Cent.
Loss of moisture on air-drying____. 10.65 i
Analysis of air-dried sample: Analysis corrected to sample
Proximate— as received: Proximate—
Moisture . ______________. Bty O b ce g -T2 ST 18.61
Volatile combustible matter -.._ -37.81 __________________________ 33.78
Fixed Carbon ___________________ 43.31 __ o ___ 38.70
Ash ___ 0.97 " a W WM sgs o= 8.91
100.00 100.00
Total sulphur —________________ 6.10. ooy o - _________ 5.45
Analysig of air-dried sample: Analysis corrected to sample
Ultimate— as received: TUltimate—
1 v, 50077 o VSO o SR i P “SCRCRE, Bl o ofebte Al oo T bkt o 5.81
TV R, e T e I 63,80 M e J B T S PN 57.01
NIt eE w e & P s W 8 IR Bk s e e L et B e 146
(G iy - il S o Te ek St T gL, Flen ey Be o ee Bl bl AR w3 21.49
(3007 £ o g 1 N I LT S T ORI VLT R 1. e 0 T SOSN8 T 5.31
L7 g Ot 1 T = e L0 S T S .t L QR vt el ol Lo e — L B.02
100.00 100.00
I ’ ’ LA -{B. T. U. 11894
Calorific value determined on air-dried sample_.__._______ | Calories 6608
A ’ 3 fB. T. U. 10627
Calorific value corrected to sample as received__ . —____ | Calories 5904
Calorific value calculated from ultimate analysis of air- (B. T. U. 11687
dried mample el T s b haa e o Bl e | Calories 6493
L 2 {(B. T. U. 10442
Calorific value corrected to sample_as receitvred L= | Calories 5801
Specific gravity of air-dried sample === e LI 1.283

Analysis of ash from air-dried sample.

(30 M i e -— 23.76 per cent
GOl e e TS R T e, S o e O A 15.54 per cent
Mg@-—=ucruad. =il o B ——— .67 per cent
Fep, 2 TS 8F° ¢ RSN S o s St 43.49 per cent
AR S e T R T S S e (-5, 11.09 per cent
0= PN s e Bl AT Ll L O S e R .627 per cent
({0 PR M\ e O L e A 4.13 per cent
‘Undatermined- . s o7« Wi oET A1 .693 per cent
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Sample Number 14.
Description of Mine.
Operator. Campbell Coal Company, New Market.

Mine. Campbell No. 1, nearly one mile east of New Mar-
ket, on the Keokuk, Shenandoah and Red Oak division of
the Chicago, Burlington and Quincy Railroad.

Sample collected. May 22, 1909.

Description. The sample was collected from the second
west entry off the second north entry. The bed was 16
inches thick where sampled. It varies from 16 to 20 inches
in thickness in different parts of its extent. In some places
it shows thin streaks of sulphur or clay one-eighth to one-
half inch thick. The coal is brittle and breaks easily with
angular fracture. The mine is on the right-of-way and is
served by a short siding. (See Vol. XIX, page 383, An-
nual Report of Towa Geological Survey.)

Discussion of Analytical Results.

This coal, like several of the other Iowa coals examined,
loses more than an average amount of moisture on air-dry-
ing. With the exception of the heat value this coal is about
an average coal from the Towa field. The coal has the ap-
pearance of one that would weather badly. Appearance,
however, is not always a good basis for the judgment of
this property. Analysis shows the coal to be better than its
appearance indicates.
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Sample Number 14.
Per Cent. Per Cent.
Loss of moisture on air-drying__._ 10.97
Analysis of air-dried sample: Analysis corrected to sample
Proximate— as received: Proximate—
Neoiiotmate = sl idie: el S e o T W P, o F - PR L, -19.11
Volatile combustible matter .___ 34.17 __________________________ 30.45
Bhidad Carbon = L~ o fe e, oy 4800y & ot el Ll e st 4 38.86
AT e byt e Tl 1 e S T 01T o ol = Rl 19 11.58
100.00 100.00
Total suiphay . e R I ik N M L B e RS T 4.26
Analysis of air-dried sample: Analysis corrected to sample
Ultimate— as received: Ultimate—
Glklis e e LI B S e s U el o e e e e 5.43
GaphoRk= ot = oo bl il 2 o 63Kl Sl b SR e VLS 2 56.80
NITPOSER S F Rl T el el e s R I il S D IR PR 1.41
Oy canr iy T s s U 2 LY PR e T LB e ai el AN 20.90
AT I A ey e P bl e, 4380 GroaZ s b o L B 3.90
AT T L S Al 3 T TR e N, 2 LT SR (e 11.56
100.00 100.00
: . g 4 % , B. T. U. 11494
Calorific value determined on air-dried sample__________ {Calories 6385
o ‘ i B. T. U. 10233
Calorific value corrected to sample as received _________ {Ca.l«ories 5685
Calorific value calculated from ultimate analysis of air- B. T. U. 11422
dried sample v e W T s Sl | Calories 6346
5 : B. T. U. 10169
Calorific value corrected to sample as received___._______ {Calories 5649
Specific gravity of air-dried sample______ ____________ ___ ____________ 1.272
Analysis of ash from air-dried sample.
STOET X 6 i R T RIS oA W o 1T 20.97 per cent
o G Ly - LR R LT Sl n B T mp L Dl [5G 20.79 per cent
MOl i et e IR st pl = Fr e I TE B 1.10 per cent
GO = B n o e T M SAD See L LT 30.17 per cent
AT i g b o e m——————————-- 17.11 per cent
O e e s n e R A e O e 1.22 per cent
B0; oo @NMERE el b el R 7.568 per cent
Undetermined - __ 1.06 per cent
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Sample Number 15.
Description of Mine.
Operator. Wapello Coal Company, Hiteman.

Mine. Wapello No. 4, three miles northwest of Hiteman,
Monroe county, on branch from the main line of the Chi-
cago, Burlington and Quincy Railroad.

Sample collected. May 21, 1909.

Description. The sample is from the seventeenth room
off the tenth west entry off the sixteenth north entry. The
vein measured, where sampled, 5 feet 4 inches and is free
from sulphur and rock. The average thickness is 514 feet.

The mine uses tail rope haulage for about a mile under
ground and the entries run in one-half mile farther. The
output was 900 tons daily. (See Vol. XIX, page 242, An-
nual Report of Towa Geological Survey.)

Discussion of Analytical Results.

The noticeable feature of this coal is its low sulphur
content. The sulphur is present in such condition that much
of it goes into the ash. This coal should have little destruc-
tive effect upon grates and fire boxes and should stand
forced firing better than many Iowa coals. The oxygen
content is above average. Silica in the ash is high and iron
is low. The ash ig lighter colored than most of samples
esxamined. This is probably due to the iron content. The
appearance of the coal indicates a higher thermal value
than the analysis shows. The amount of moisture retained '
after air-drying is higher than the average.
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Sample Number 15.

Per Cent. : Per Cent.
Loss of moisture on air-drying._._ 8.21
Analysis of air-dried sample: Analysis corrected to sémple
Proximate— as received: Proximate—
Moisture - ________________ | L COA ol M- T VI TR T | 15.92
Volatile combustible matter ____ 36.26 __________________________ 33.28
Fixed Carbon __________________ L 1b o IR S S L 39.29
Ash _______________ . 1§70 77 S LR o I FPUREI O I 0 L 5%, 11.51
100.00 100.00
Total sulphur —________________ ot 1 TR e s v oS B 1.93
Analysis of air-dried sample: . Analysis corrected to sample
Ultimate— as received: Ultimate—
LyiToRen s e Do) BialiOiy & Lo b = ool 0N Wil 5.59
CIAMTDON. oo™ TP e e mpl o e oL ST S e e o S L T 58.84
0y, ROYEred o (S it R O S R LS el b e iy e it BOSRS ( bherg s 1.73
e e S R bl o i Lo pe s PR T R T LR S 20.64
SRS RS g L AR YT e e, WIS M . 1 7T 1.68
Ash o e i SO G e e L T 11.52
100.00 e X 100.00
: ; L i L B. T. U. 11564
Calorific value determined on air-dried sample__________ {Calories 6424
Calorific value corrected to sample as received _________ {gélrgi‘igs' %ggés
Calorific value calculated from ultimate analysis of air- (B. T. U. 11437
dried samPle] -l o0 o o et 5 0 | Calories 6351
2 = B. T. U. 10498
Calorific yalue corrected to samplg as rece.lved-_____'____ { Calories 5832
Specific gravity of air-dried sample e i = Sk s BT

Analysis of ash from air-dried sample.

S e e e S| ST DERR GO
(M e S | [N ey b T M T W 16.25 per cent
MO k= s, UYL W et el _—— 1.31 per cent
Fes@pit fiteie ! AR LIEREY p R _- 28.05 .per cent
ANFQLEEER (Nl aul ST 1] SIS [ Ol ISR - 16.12 per cent
POt SR R R TAT IR i o R .663 per cent
BUy e Th e s VRS TS R el Sl DS RV R Sredontt
Undetermined ——______ RN % ML LT E s (10 4 ey
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Sample Number 186.
Description of Mine.
Operator. Phillips Fuel Company, Ottumwa.

Mine. Bear Creek mine, at Bear Creek, Wapello county,
four miles southwest of Ottumwa, on the Chicago, Mil-
waukee and St. Paul Railway.

Sample collected. May 20, 1909.

Description. The sample is from the first south entry.
Here the coal is 4 feet 6 inches thick and is in the main clean
and free from rock except near the roof, where some bowl-

. ders occur. One of these near the place of sampling meas-
ured ten inches in thickness.

The mine was opened in the fall of 1908. At the time of
sampling forty miners were employed and tail rope haulage
was installed. Hoisting is done by duplex engine geared to
the drum. (See Vol. XIX, page 302, Annual Report Iowa
(Greological Survey.)

Discussion of Analytical Results.

The moisture in sample ‘‘as received’’ is low for an Towa
coal. The moisture in the air-dried sample is also consider-
ably below the average. The ash content is high, due mostly
to earthy material. The ash is dark in color and quite high
in iron oxide. The iron in the ash of this sample does not
come entirely from pyrites (FeS,) which is present in con-
siderable quantities in all Towa coals, but also from earthy
material with a dark soily appearance. The heat value is
a little below that of the average coal from the Iowa field.
The writer is convinced that washing would greatly improve
this coal.
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Sample Number 16.

Per Cent.
Loss of moisture on air-drying.__._ 7.49

Analysis of air-dried sample:

717

Per Cent.

Analysis corrected to sample

Proximate— . : as received: Proximate—
Moisture S e fopal el e i AT AR R A SN S R 11.92
Volatile combustible matter _.___ 37.59 ____________ . ______ 34.78
Fixed Carbon —c oo ¢S Pe P M e ) ES LR S DR & S 39.98
ARt Dl S L e A T 2l g A0t ot e ol oa AR o A Ll - 13.32
100.00 100.00
Total sulphur - _________ L S TS R S LI LR L, 6.13
Analysis of air-dried sample: Analysig corrected to sample
Ultimate— as received: Ultimate—
Hiydragen | "t w b8 I IR s b Bl e e, P 5.63
iCERheniias - T _raiulics Bl o ol 62.04 __ e 57.40
Nitirogen  caslid i & SV e 1.39 A 1.29
OXVieele L L S S SRR 10.64 TR 16.49
S0V ol T Dy o e e, N = SR 6.34 z s g
AShEsITSEE Sewt S I ey RN L S T LI ete W0 Ve SN 13.32
100.00 100.00

! . 3 - ‘ B. T. U. 11695

Calorific value .determmed on air-dried sample__________ {Calor‘ies 6497
. : . B. T. U. 10819

Caloritic value corrected to sample as received__________ {Calor-ies 6011

Calorific value calculated from ultimate analysis of air- {B. T. U. 11674

dried sample ———_____

Calorific value corrected to sample as received..___.

Specific gravity_df air-dried sample____

Calories 6486

(B. T. U. 10800

.Calories 6000

- 1.269

Analysis of ash from air-dried sample.

SO = T R T ey~ i N T 21.70 per
(€Y O Rt A ITASI) L e ) RS oy R NS T Pl Tt 15.29 per
Mg Qb o o Jh el e I S e e 1.92 per
30 O A R S e SRE X SRR IS e T E s B s 38.62 per
%) e Mot 11 G AT o 00 S0 EAR N Wi e et 1 Ll 1Y 2 15.63 per
PO, 2o AV Sindrges itolsts ciwiindhs o] B0 Syl TN S .259 per
19 e i el e e A e e LR o B L 4.95 per
Undetermined  ——-coeo e 1.731 per

cent
cent
cent
cent
cent
cent
cent
cent
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Sample Number 17.
Deseription of Mine.
Operator. Willow Grove Coal Company, Angus.

Mine. Willow Grove mine, on northwest border of Angus
in Greene county. No railroad connections.

Sample collected. May 14, 1909.

Description. This sample was taken from the fourth
east-south entry. The seam is here 4 feet 2 inches thick.
The coal breaks with angular fracture and shows bright
clean faces. Thin films of lime occur along stratification
planes. The vein worked is called the lower vein. Its thick-
ness ranges from 4 to 5% feet. The middle vein is separated
from the lower by a sandstone roof 3% to 20 feet thick, with
an average of 14 feet. Owing to the character of the roof
the mine is very wet. (See Vol. XIX, page 361, Annual Re-
port Towa Geological Survey.)

Discussion of Analytical Results.

Although this mine is wet the sample as received did not
show high moisture content. After air-drying the moisture
value is lower than that of the average coal. The carbon
content is lower than that ef any coal examined. The ash
is high, due to the lime bands mentioned above. The ash is
light in color, low in iron oxide and the magnesia content
is the highest found in any of the samples examined. This
constituent is undoubtedly present in the lime bands men-
tioned. The calorific value is lower than that of any of the
samples in this group. Washing would undoubtedly in-
crease the value of this coal. Much of the ash-forming ma-
terial could be removed. This treatment would also remove
much of the sulphur, thereby decreasing whatever destruect-
ive effect the coal has upon grates and fire boxes.



Sample Number 17.

Per Cent.
Loss of moisture on air-drying.___ 8.08

Analysis of air-dried sample:

Proximate—
MBIBLATe smam el il 0o ylie B.5F < _Jl2
Volatile combustible matter ..__ 38.73 ____
Fixed Carbon __________________ 40.40 ____
AR eE | G WE e oW e = 15.30 ____
100.00
Total sulphur . _____________ B3 T =
Analysis of air-dried sample:
| Ultimate—
| 1 va obz oy (PVESWA LAt T N E s el M hald | ot -
i Garbom’ ot e e Sl A R 60.48 ____
! NGCrOEen: ws W ae - oy e e L TRl Wl Lk
: ORGEEINY N QA B s AT -1 7% 3 A2 554 R
f SulpHie i T et R e Bl [ Sgal
A ST TR e 165.30 - =1_
100.00

Calorific value determined .on air-dried sample

Caloritic value corrected to sample as received

CHEMICAL ANALYSES R 719

Per Cent.

Analysis corrected to sample
as received: Proximate—

______________________ 13.20

Analysis corrected to sample
as received: Ultimate—
5.62

100.00

{B. T. U. 11234
""""""" 1 Calories 6241
{B.T.U. 10326
“““““““ | Calories 5737
Calories 6233

Calorific value calculated from ultimate analysis of air- {B. T. U. 11219

dried PRES Ui s e o b Gl Rl s

o ; B. T. U. 10313
Calorific value corrected to sample as received.__._______ {Calorvies 5730
Specific gravity of air-dried sample __________________________________ 1.262

Analysis of ash from air-dried sample.
O e | |1 T 26.50 per cent
(0% (6 Tt T T vh o e Sl S R AR Ge TR 18.21 per cent
70T e ke T s o SR SE L 2.11 per cent
oA e LR B S S e RO T BT 27.77 per cent
Ut o) ot B Sl e e o el R T Y Ly [ 18.44 per cent
15, (O 1L Bl e © R ST ol T Rt [ F e 2 - L .996 per cent
DOl e T AN ey et MU A 4.35 per cent
Undefermined] S _ 1 lp solmes oo fas gl 2 ]| 1.624 per cent

100.00
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Sample Number 18.

Description of Mine.
Operator. High Bridge Coal Company, Madrid.

Mine. High Bridge mine, High Bridge, Dallas county, on
Boone division of the Chicago, Milwaukee and St. Paul Rail-
way.

Sample collected. May 12, 1909.

Description. The sample was collected from the face of
the west entry about 1,300 feet from the shaft. The coal
is here 3 feet 11 inches thick. It has a clay roof and about
three inches of black shale on the floor. This is underlain
by gray fire clay. The capacity of the mine at the time of
sampling was 300 tons daily. (See Vol. XIX, page 89, An-
nual Report Towa (teological Survey.)

Diseussion of Analytical Results.

The sample as received was high in moisture, much of
which was lost on air-drying. The air-dried sample, how-
ever, retained about two per cent more moisture than the
average. This coal has the lowest sulphur content of any
of the coals examined. A considerable part of the sulphur
went into the ash. The ash is light in color. The lime con- -
tent is high. Iron oxide is low as might be expected from
the low amount of sulphur. The thermal value is about
average. Fixed carbon is above and volatile combustible
matter is below the average.



CHEMICAL ANALYSES - 721

Sample Number 18.

Per Cent. Per Cent.
Loss of moisture on air-drying____. 10.47
'Analysis of air-dried sample: Analysis corrected to sample
Proximate— as received: Proximate—
NERR SEUFEED - (8 O el o871 S W50 St ) Rzf Bs . a8 inacsling Syl | il 18.21
Volatile combustible matter .___ 3314 _______ - ___________ 29.67
Fixed Carbon o i oo ool L D007 b SR LR M B e L8 40.29
P €] e IR Mare, SNRTE e T |1 T S 1 B 0 NGB ey B vDs (5 R s BVl 2 1 11.83
100.00 100.00
Total sulphur . _______________ pg e A B G Cer Lh o o i B A N 2.46
Analysis of air-dried sample: Analysis corrected to sample
Ultimate— as received: Ultimate—
Sy voinemieys SRR st e L T R G g oS B S S FILE R ST 5.36
Carh @it Wi s -3 AFSE S Shfle Lk - 0502 - YL WL TR ) i ek 1] AR s 41 59.03
Nilgogem et Sl = UTF i i v b et et Sl Al il = P et o 1.50
Oxgrgen =L oL s e s 2T e S e E R R s P T e B 20.18
S ik S W PN LR, e L LB 15 LS S TRt o ) Il U Uy G 2.10
S e e & b i s IR ESaR L e kLt DS Tl 11.83
100.00 100.00
H : 3 2l 8 B. T. U. 11675
Calorific value determined on air-dried sample__________ {Calories 6486
: o : . B. T. U. 10452
Caloritfic value corrected to sample as received__________ {Calories 5807

Calorific value calculated from ultimate analysis of air- {B. T. U. 11648

driedrsample, RS T S e e i B TR E Calories 6471
gy i B. T. U. 10428

Caloritic value corrected to sample as received__________ {_Calories 5793
Specific gravity of air-dried sample __.____ . ______________________ 1.276

Analysis of ash from air-dried sample.

BI0)5 0 LT S T | E s 23.34 per cent
GO == TR T ST NP o < ||z 25.03 per cent
b V-6 Lt LR Fa i e R T e S .76 per cent
FojOy . il Pl e s REUNE ] CRECE T L 24.28 per cent
A} - it it g Lo H 1 P SCHOR R { ) T 17.10 per cent
POy momm i e e LD L SRR RES SO Tl LN .329 per cent
8O, I xRS G et e 7.90 per cent
Undetermined . 1.261 per cent
100.00

- 46
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Sample Number 19.

Description of Mine.

Operator. Phillips Fuel Company, Ottumwa.

Mine. Rutledge No. 5, at Rutledge, Wapello county, on
the Chicago, Milwaukee and St. Paul Railway.

Sample collected. May 20, 1909.

Description. The mine was sampled in the seventeenth
west entry on the north side of the shaft, about one mile
from the bottom. The seam is here 3 feet 10 inches thick
and is free from rock, although there are some sulphur con-
cretions. The average thickness of the bed is 42 inches.
(See Vol. XIX, page 298, Annual Report Towa Geological
Survey.)

Discussion of Analytical Results.

The sulphur content is high. Ash is low for an Iowa coal.
The ash was a dark brick red due to the iron oxide content.
The carbon value is high and as a result the thermal value
is correspondingly high. Moisture in sample as received
is lower than the average. Kxcept for the large amount of
pyrite present this coal has an excellent appearance.
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Sample Number 19.
Per Cent. Per Cent.
Loss of moisture on air-drying____ 7.53
Analysis of air-dried sample: Analysis corrected to sample
Proximate— as received: Proximate—
Moisturd " 2fs Do Ll 8 g BT Y ML S o S0 . B SR | B 12.93
Volatile combustible matter ____ '38.78 __________________________ 35.86
Fixad Carbon oo = = gl = al PL ewe® BT e 30 et 40.82
7oy I el e, e EEL N S 1 1 & T e o e T P R 10.39
100.00 100.00
Total sulphur .. _______________ AR o U L) gl e B.78
Analysis of air-dried sample: Analysis corrected to sample
Ultimate— as received: Ultimate—
Hyrdpoesnn sesiita N S gt oo o e ) A e a BT 7 e e T 5.54
Eairhon - SRR T e PRl S 2L (e prantg S LT BT KOO Sl |1 ST E 59.36
NliroEeRte e pol Rl o ol B e R oy g o 1.54
O eR L L T =T LN (e 0 SR el & B i L 17.63
SUIDIET e e, GRS DEOPL L, e e S i e Lo i HL 5.54
Axh T G F e B e B i v o TH N2V EArfR e sty Tl JIB T st 10.39
100.00 100.00
. . ! 4 3 3 {B. T. U. 12010
Calorific value determined on air-dried sample__________ | Calories 6672
. < = B. T. U. 11106
Caloritic value corrected to sample as received__________ {'Calories 6170
Calorific value calculated from ultimate analysis of air- (B. T. U. 11822
Glevenalh sy o Rt e SR i Rt R e P L 1 Calories 6568
5t g f{B. T. U. 10931
Calorific value corrected to sample as received__________ | Calories 6073
Specific gravity of air-dried sample - ________ . ______ 1.293
Analysis of ash from air-dried sample.
SIOF: M S T MR T S G S e OO I, 13.61 per cent
CaOr o ALL. 5, T LY S P, e i T 14.49 per cent
MgO it _ S M e sty ol YT L .97 per cent
i LR R e el o e R LR -- 47.81 per cent
Al Qp S = o ok g R R 15.53 per cent
POy —ocoe=im Al oint 5 L we DS =  E .677 per cent
SOy et S e T ey 5.80 per cent
Undetermined - ____________ 1.113 per cent
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Sample Number 20.
Deseription of Mine.
Operator. Keystone Coal Mining Company, Des Moines.

‘Mine. Keystone mine, Des Moines, Polk county, at west
city limits, on Chicago, Milwaukee and St. Paul Railway.

Sample collected. June 21, 1909.

Description. The sample was taken from the face of the
second north entry, where the vein has just risen from a
swamp to the top of a hill. Where sampled the vein meas-
ured 4 feet 3 inches. In the swamp it was seven feet thick.
It will vary from 3 feet 8 inches to 7 feet in different parts
of the mine. Some thin sulphur streaks were present in
the face, but no rock or thick sulphur bands.

The shaft is 165 feet deep. It was sunk July, 1908. The
mine at the time of sampling was not well opened, but had
an output of 75 to 80 tons daily, and employed 23 men. (See
Vol. XIX, page 114, Annual Report Iowa Geological Sur-
vey.)

Discussion of Analytical Results.

The sample as received was lower in moisture than the
average lowa coal. Ash and sulphur contents are high.
The ash is a dark buff colored mass and contains more than
the average amount of phosphorus. In this coal as in
nearly all of the Towa coals a large amount of sulphur goes
into the ash. The lime content in the ash is noticeably low.
The thermal value is a little below the average.
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Sample Number 20.

Per Cent. Per Cent.
Loss of moisture on air-drying____. 8.64
Analysis of air-dried sample: Analysis corrected to sample
Proximate— as received: Proximate—
Moisture —__________ puy€r bl Sato 4 BT Bonieva s el SN SRR AT SR A 13.01
Volatile combustible matter ____ 38.06 __________________________ 34.77
Pixed Carbon —eimemaerat oo o AR e e | 38.22
ARRATE T T oAU T G Y AT SR e AR, M e Ll R et 1 14.00
100.00 100.00
Total sulphur —_________________ (e et e 0 R L S R T ) 5.72
Analysis of air-dried sample: Analysis corrected to sample
Ultimate— as received: Ultimate— |
et e e T D ot oo O iyl LT S e 5.64
Cambon, S - on S T e {5 i 1 S P e b e el Bl B e 1 55.82
NTtpogan: 1 ird M e N el " g 0 B L AR s e T 1.25
Oxygen §datrif i e wm i iyl o s e T s L T B 17.91
Suiphgin et oaF R d L3-S s o e ATt B ok SR e o W L R e
Abh= it LA BETes ke T e et e el Bt N e et~ LT L 14.01
100.00 100.00
; 1 T . B. T. U. 11481
Calorific value determined 011. air-dried sample__________ {Calories 6378
e ‘ 3 B. T. U. 10483
Calorific value corrected to sample as received________.__ {Ca.lories 5824

Calorific value calculated from ultimate analysis of air- B. T. U. 11433
dried sample = Calories 6352

Calorific value corrected to sample as received__________ {g:.a,l’gi*ig %géés
Specitic gravity of air-dried sample _______ : L2556
Analysis of ash from air-dried sample.

Sio, 23.15 per cent
CaO ______ e AR i 10.83 per cent
M@ e ok VAT L At e e O i S 1.26. per cent
[ 0 P M S S S bt - s, EVT A e 35.87 per cent
AT e e by LT R AN, ] 19.59 per cent
Pap e mm s e Gpns d Bl SRGTMEIIWE L 1.04 per cent
o 0 e Sl T e Gt B = ) 5 01 6.26 per cent
Undetermimadiioy oo T Lo Wl B as L0 0 02 2.00 per cent
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Sample Number 21,

Description of Mine.
Operator. English Creek Coal Company, Oskaloosa.

Mine. Hawkeye mine at Hawkeye, about two miles east
of Knoxville, Marion county, on Washington and Knoxville
line of the Chicago, Rock Island and Pacific Railway.

Sample collected. June 16, 1909.

Description. The sample is from room 5, thirteenth
entry east. The coal here showed a face of six feet, with
some thin streaks of sulphur and occasional bowlders. The
mine at time of sampling employed 125 men. ' (See Vol. XIX,
page 192, Annual Report Towa Geological Survey.)

Discussion of Analytical Results.

This coal contained a large amount of moisture in the ‘‘as
received’’ condition and lost a very large amount of the
moisture on air-drying. The hydrogen content is high and
oxygen is unusually low. Although this coal has a high
ash content its.thermal value is above average. The sulphur
content is also high. - '



Analysis of ash from air-dried sample.
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Sample Number 21.
Per 'Cent. Per Cent. -
Loss of moisture on air-drying____ 13.80
Analysis of air-dried sample: Analysis corrected to sample
Proximate— as received: Proximate—
i fe) 137 YT o - N PR LT (R i ST Ny 490 . - bl optere BB B Nl g 17.68
Volatile combustible matter ____ 86.37 __________________________ 31.35
Fized Carbon . _ oo s R i R T EY Il E 38.24
VT2 T, L Tu Ry o L TR =t S pin o o, 12.73
i
100.00 100.00
Total-Sulphur ccdsiesecl oscu b U8 am et e o —— 5.20
Analysis of air-dried sample: Analysis corrected to sample
Ultimate— as received: Ultimate—
10m 0T e e A RN -3 | L N e i (e =Y g L 6.02
@ HOr S s L T e L e | By Aagl e o - P A ST N o A Y 54.67
INEERORETA e S MOmE T b S (AL SR S o STk £ TP 1.05
(OF ez (an e 8 it R R ORTS o made st B mn B, e e 20.62
i Do oo gl o e i S T Oy U e [T S SN ] 3 1Y 4.90
AT ST R P e i 1 Dy P R, S S A A A R L 12.74
100.00 100.00
Calorific value determined on air-dried sample__________ {l(gl'é,lgx"i}e;' ééggg
st ! {B. T. U. 10291
Caloritic value corrected to sample as received__________ ICa.lories 5717
Calorific value calculated from ultimate analysis of air- (B. T. U. 11932
driefcsauaplEEs = == S = SR e e { Calories 6629
iz il B. T. U. 10285
Caloritfic x.alue corrected to sample as received__________ S(Calonies 5725
Specific gravity of air-dried sample . ______________________________ 1.289

Q1O et =L TTICRR A PRI L 26.01 per cent
Gad ' oo A N e gl R T [ 18.68 per cent
Mgl Flr NAE oo N e S R e e g e o A ) D0 pen leaht -
B T e et 32.84 per cent
AlQEE T L o e IS T~ S L 14.03 per cent
PO | atn ol il O R e R .382 per cent
B0 e M e 6.11 per cent
Undetérmined ol o iy SR g b S T o .728 per cent

100.00
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Sample N:unber 22,
Description of Mine. _
‘ Operator. Bennett Brothers Coal Company, Des Moines.

Mine. Bennett mine, Des Moines, Polk county, south side
Raccoon river. No railroad connections.

' Sample collected. June 21, 1909.

Description. The mine was sampled at the end of the
fourth west entry. The vein here measured 4 feet 6 inches.
Its average thickness is 4 feet 4 inches, with occasional
portions up to 5 or 6 feet. The coal is clean, without rock
or sulphur bands and breaks into angular fragments. The
mine i1s 125 feet deep and employed 100 men who put out
100 to 300 tons daily. The mine at time of sampling had
been running six years and supplied a large local trade.
(See Vol. XIX, page 120, Annual Report Iowa Geological
Survey.) _ . i

Discussion of Analytica.l Results.

This coal is high in hydrogen and carbon and as a result
-has a high calorific value. The coal in the ‘‘as received’’
condition was low in moisture for an Iowa coal. Much of
this was lost on air-drying. The ash is light gray in color.
The iron oxide content is low. Magnesia, alumina, and
silica are high. The appearance of the coal is good and the
analyses from it show it to be better than the average
Towa, coal. ‘
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Sample Number 22.

Per ‘Cent.
Loss of moisture on air-drying____ 8.77

Analysis of air-dried sample:

Proximate—
MoTstaNe: | iarsdil oot Iafunad 2l g o e o Hmhalt W S e G
Volatile combustible matter ____ 38.88 _________
Fixed Carbon —_—________________ A 20" | L
p-Y <7 ) [t WL S ES T N MR A i Z B M TN
100.00 »
Total Sulphur - o e sl 10 BRSBTS
Analysis of air-dried sample:
Ultimate—
Hiypdregen | il tia it b e e DNalE o LR T
(G o) o T8 _SURL, e I D dh 64.82  _________
272 als v S0 T R R S LS I S )
Oyean, S sl RNl edgme -, |7 AT At R L P
SullpEuE, - e e e s A QP e R
P e ey S R S s ok T MBe T O L
100.00
Calorific value determined on air-dried sample_____
Calorific value corrected to sample as received_____

729

Per Cent.

Analysis corrected to sample
as received: Proximate—

_________________ 12.99

Analysis corrected to sample
as received: Ultimate—
_________________ 5.83

B. T. U. 12139
Calories 6744

§B. T. U. 11064

""" | Calories 6147

Calorific value calculated from ultimate analysis of air- {B. T. U. 12020

dried sample

Calories 6678

Calorific value corrected to sample as received_____

Specific gravity of air-dried sample __________

B. T. U. 10965
Calories 6092

e 1.277

Analysis of ash from air-dried sample.

26.13 per cent
17.04 per cent
2.09 per cent
26.99 per cent
20.66 per cent

.458 per cent
5.58 per cent

1.482 per cent
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Sample Number 23.
Description of Mine.
Operator. Bolton-Hoover Coal Company, Oskaloosa.

Mine. Bolton No. 2, Bolton, Mahaska county, on a long
switech from the Oskaloosa and Tracy line of the Chicago,
Burlington and Quincy Railroad.

Sample collected. June 15, 1909.

Description. The sample is from the first room on the
fifth north, about 1,200 feet in from the mouth of the slope
and seventy feet below the surface. The face was here 5
feet 3 inches in height. It showed a few thin sulphur streaks,
some up to 1% inches in thickness, and a few bowlders. The
mine at time of sampling had a daily capacity of 400 tons.
The coal is hauled out of the mine and overland to the top
works, about 1,200 feet distant, by rope. The top works
are located on the railroad at the old slope. The haulage
engine is located here also and serves both slopes. The tail
rope runs on the surface nearly one-fourth mile beyond the
mouth of the slope and enters the mine through an old drill
hole. (See Vol. XIX, page 205, Annual Report Iowa Geologi-
cal Survey.)

Discussion of Analytical Results.

Volatile combustible matter is high. The total carbon
content is unusually high for an Towa coal. This fact largely
accounts for the high thermal value. Ash and sulphur are
low. Silica in the ash is very high.
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Sample Number 23.

Per Cent. Per Cent.
Loss of moisture on air-drying____. 9.16
Analysis of air-dried sample: Analysis corrected to sample
Proximate— as received: Proximate—
MolStHTe L oo b bl oy o R L R e M SE V" ol Il e W 14.14
Volatile combustible matter ____ 40.15 ________ X T T N L ) 36.48
Fixed Carbon __________________ ot e Wil - M e e oy R 1y 40.77
D\ JFIREE I A s LA NS RS Ay RS T e TS S N 4N 8.61
100.00 100.00
Total sulphur . ____ 0T L R SREY R ¥ S R 2.96
Analysis of air-dried sample: Analysis corrected to sample
Ultimate— as received: Ultimate—
Egdinoment Sar_gihe o ho o Gl s ojo gt b Bl — i Ml e LU 2 5.82
GO = T LR o SRR iR G TR LG e B, e T SR 60.87
A5 0] 2 0 e ) S e R Y i 19793 [ LR, N R Y i e T 1.28
QOIS - S R e R Fn e 2 e U s i VO T e 1, A1 20.55
Sy o SRR T s 17 3 1t 1 by el T, s i R Tt 2.86
AR e e e b W L e 1 G ) | W LS T Y i 8.62
100.00 100.00
i : {B. T. U. 12183
Calorific value determined on air-dried sample_________ - 1 Calories 6768
Caloritic value corrected to sample as received__________ {B' T‘.U' 11067
Calories 6145
Calorific value calculated from ultimate analysis of air- {B. T. U. 12102
dried sample ________________ T Calories 6724
Calorific value corrected to sample as received__________ {]gé,l?)‘i-igs. é?ggg
Specific gravity of air-dried sample - _______________._-___ 1.30
Analysis of ash from air-dried sample.
RO i R e s 2 SR DL R N 35.34 per cent
Ca@ LS e EU R, PN e B Cr i i 16.60 per cent
NS (Dastnis I, BT - T R o e 08 .56 per cent
DN G P S TS SR M (2 o PR R B N 28.56 per cent
p:\ 5 o 2l AL VT TR Ly Ll o e el S e 1L S 14.03 per cent
o b W S T e R e TR RS .710 per cent
S5 FRRENE S St TRRSEUIENINE BRSNS B 5 M 3.00 per cent
Undetermined - __ 1.20 per cent
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Sample Number 24.
Description of Mine. .
Operator. Colfax Consolidated Coal Company, Colfax.

Mine. Mine No. 8, four miles southeast of Colfax on the
Colfax Northern Railway.

Sample collected. June 17, 1909.

Description. The sample was cut from the end of the
main west entry, 1,700 feet west from the shaft. The seam
was here 5 feet 7 inches thick and presented a clean face
except for a half inch sulphur band one foot from the bot-
tom.

The shaft is 164 feet deep and penetrates the ¢‘first vein,”’
one or two feet thick, eighty feet from the surface. The
mine employed 400 men at time of sampling and had an out-
put of 800 to 900 tons per day. (See Vol. XIX, page 159,
Annual Report Towa Geological Survey.)

Discussion of Analytical Results.

This coal in the ‘“as received’’ condition contained a large
amount of moisture. Air-drying removed much of this. The
sulphur content is quite low for an Towa coal and but little
of this constituent went into the ash. The oxygen content
is above the average. The ash is dark buff in color and high
in iron oxide. The thermal value is a little below average.
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Sample Number 24,

Per 'Cent. Per Cent.

Loss of moisture on air-drying__.. 12.68 i
Analysis of air-dried sample: Analysis corrected to sample
Proximate— as received: Proximate—
Modsture: — oo itl i B BfD{F e AN S LA et 17.46
Volatile combustible matter _.__ 39.17 _ o ____ 34.20
Bixed «Garbon. 1 oo - 42.94 £:£ 107 ——— 37.49
AR Tl = e R iy vy A A s S 2 SO e R o T g B 10.85
100.00 100.00
Total sulphur .. ___________ S QRIS e aait LR SRR A e 3.05
Analysis of air-dried sample: Analysis corrected to sample

Ultimate— as received: TUltimate—

Beydnegen = MR e e o F s T R b e SR o SR e 5.79
GOl e Sl g T 2N B34 TS S bR ] 1 ST S 55.53
Nitrogen: -5 oot — - e I s N T S e N A LT L 1.33
Oxysen | s e PV e | Cag IR AR RS TR i s Lo S B 23.58
Sulphers =gl e, Jiat Tt ks 3R S Fied BRI g g S 2.92
R e S T 167 s e e TLS SR - ] MU H el 10.85
100.00 100.00

{B. T. U. 11588
1 Calories 6438
B. T. U. 10119
Calories 5620
Calorific value calculated from ultimate analysis of air- BT . 41407
dried sample -~ | Calories 6337

Calorific value determined on air-dried sample__________

Calorific value corrected to sample as received__________

1 ¢ B .
Calorific value corrected to sample as received.__________ {Calrcl)‘rigs ggg;
Specific gravity of air-dried sample - _____________________________ 1.249

Analysis of ash from air-dried sample.
SO, M ST T S = 21.13 per cent
CaO a5 19.27 per cent
MgO == L 1.66 per cent
Fe,0, _- PR [FEalbe Spd 1 I TR 35.34 per cent
AlLO, =L A 17.55 oper cent
PO, .247 per cent
SOy wsm_ gt e o=t R ] PG 3.12 per cent
Undetermined _____________________________ 1.683 per cent

100.00
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Sample Number 25.
Description of Mine.
Operator. Enterprise Coal Company, Des Moines.

Mine. Mine No. 2, Enterprise, Polk county, on the St.
Paul and Kansas City Railway.

Sample collected. June 22, 1909.

Description. This sample was cut from the break-through
near the face of the second west entry off the first south
entry. The coal was 5 feet thick here and carried a two-
inch sulphur band one foot from the top. Clay slips are
present in places. The mine is considered to be in the second
vein and was the only one working in this horizon with the
possible exception of the Bennett mine. A daily output of
400 tons is maintained. (See Vol. XIX, page 143, Annual
Report Towa Geological Survey.) ;

Discussion of Results.

This coal is characterized by a high carbon content, the
highest of any coal of this series. The volatile combustible
matter is high. Ash is very low for an ITowa coal. Total
sulphur is below average. The ash is gray in color and quite
flaky. Alumina is high. The calorific value is the highest
found in any Towa coal examined.
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Sample Number 25.
Per 'Cent. Per Cent.

Loss of moisture on air-drying____ 8.61

Analysis of air-dried sample:

Analysis corrected to sample

Proximate— as received: Proximate—
U O) TS PV s i S -2 L s - S0 GO T T e e e e (R 14.17
Volatile combustible matter ..__ 41.01 __________________________ 37.48
Fixed Carbon __________________ 0 L R I ' M. e | 40.36
AT T e L R S Y S e Ry L e ] S L e 7.99
100.00 100.00
Total sulphur . __________ [ ! = AN L by L R e T 3.46
Analysis of air-dried sample: Analysis corrected to sample
Ultimate— 1 as received: Ultimate—
FEwimggen - o= L LA TS Hold W el B28ral ot P Fe nEt s e 5.73
ClaNh o = £ . =iy s Lerrains Gl T lotaote b Jom rim VU0 L T IIRAGE 3 L 2 62.24
N T DS i e T R Sl S TSR e e e i, e T by 1.44
Oy e Al L O s v T ca T b el TR i i, e ph e PR 19.35
(S0 BioY e prpseie s SO HATERL kWL shoin selm e oL e BT LR 3.25
AR e WOHN TS A e o (T L e P e 1 el TR 7.99
100.00 100.00
1 . ] . At L §B. T. U. 12464
Calorific value determined on air-dried sa.mple__‘_ _______ | Calories 6919
" 3 B. T. U. 11382
Calorific value corrected to sample as received__________ {.Calories 6320

Calorific value calculated from ultimate analysis of air- {B. T. U. 12303

dried sample —__ e ST Nl Ry B L Calories 6835

o= . B. T. U. 11244

Calorific value corrected to sample as received__________ {Calories 6947
Specific gravity of air-dried sample ___ P W B

Analysis of ash from air-dried sample.

SIO-r o i S PP el sl S e 23.12 per cent
R i aa i oty N G S ] 17.10 per cent
e @ RN & T e b R e ek b 1.86 per cent
0 v cmmmar =it St B 8 S0 5 R R | ru 26.41 per cent
D% 6 M B e L S Sl e e e e e LD 23.30 per cent
B0 b 2t 1 e N 21 070 LA e F e, .293 per cent
SOy —=maee = e a3kl Wt SRR AR SIS 6.72 per cent
Undeterminet e S o M CRE e T 1.197 per cent

100.00
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Average Coal.

The data on the opposite page, which have been termed
‘“‘average coal,”” were not obtained by the analysis of a

" sample, but by averaging the corresponding values obtained

from analyses of the sixteen Iowa coals discussed in the pre-
ceding pages.

The coal dealer is seldom furnished with analyses of the
particular coals he is handling and about the only informa-
tion he can furnish the consumer is that it is an Towa coal.
In such a case the analytical data of the ‘‘average coal’’
will be of value. It will also be valuable when coal from
the Iowa fields in general is to be compared with that of
other fields.

A discussion of the average Jowa coal is unnecessary.
The data will speak for themselves.
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Average Coal,

_ Per Cent. Per Cent.
Loss on-air-drying . _____________ 9.33
Analysis of air-dried sample: 3 Analysis corrected to sample
Proximate— as received: Proximate—
SV} 51 P - (G SRS e e b e et oot ol PR B o Al Sl 1 S 15.07
Volatile combustible matter ____ 37.60 ______________ Sl e, 34.09
Fixed Carbon __________________ Aol WAN e e ds ] 39.21
b\ )| el I S PN T T g, B st LT S RGN [ e P 11.63
100.00 100.00
Mokall sulphur o ¥ gl woe . 0 el (TR RUT AL IE N e N~ T 4.52
Analysis of air-dried sample: Analysis corrected to sample
Ultimate— as received: Ultimate—
Eliydnogens st in . —= dal d S AR B R SRRt e £ D ) I R 5.64
CE D OTY(l B s S e = M 5T U ERORIR | el e L T R TR o e 57.77
AN fdeiC A Rttt TR L I - A e AL R R L G TS 1.33
ORIl =t 1 e R ICTr  pae o sty w e o R 19.42
SR St s P & W % SFv e ARG | = SRSl ool *F Cr ity I AR
JUEu e Sl B e T L IR R B 08y e Sl da, Mg, 11.61
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General Discussion and Conclusion.

Coal is composed of two classes of substances, viz., (1) those
which have heat value and.(2) those which do not. In the first
class carbon and hydrogen are the important ones. Sulphur on
oxidation does evolve heat but the amount of heat contributed by
this element is practically negligible. In the second class are
ash, moisture, nitrogen and oxygen. Of these moisture and ash
are the most important. These two substances not only dis-
place their own weights of combustible matter but they absorb a
large amount of the heat of the fuel in being heated up to the
temperature of the fire box or furnace. Kach per cent of mois-
ture and ash displaces twenty pounds of combustible matter per
ton. Both ash and moisture increase the cost of handling the
coal for the producer and consumer. If the ash contains slag-
ging or clinkering constituents the efficiency of the furnace is de-
creased and the cost of handling greatly increased. Sulphur
which was mentioned above as having heat value, is also classed
as an impurity on account of its low heat value and its injurious
properties when coals are used for certain purposes.

The physical and chemical properties of Towa coals are dis-
cussed under the following headings:

Moisture.—Coals from the Towa field before mined contain a
high percentage of moisture. In this respect they are similar
to many coals in other fields of the mid-continental regions,
averaging a little higher in this component than TIllinois coals
and about the same as Missouri coals. The loss of moisture on
air-drying is practically the same as that of Illinois and Mis-
souri coals. The Iowa coals are compared with those of Illinois
and Missouri for the reason that they must compete in the mar-
ket with these coals.

A study of the analyses reveals the fact that the loss of mois-
ture by air-drying is not uniform in Towa coals. This difference,
the writer believes, is due to difference in structure. A micro-
scopic examination was not made, but it is believed that such an
examination would reveal differences in structure.

Towa coals as they exist in the mine contain a little over fifteen
per cent of moisture. When air-dried they contain 6.34 per cent
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of moisture on the average. The importance of allowing the
coal plenty of time to air-dry is here evident. In this work,
ninety-six hours was the time allowed for air-drying. The coal
was crushed much finer than is used in practice and for that
reason the loss of moisture was more rapid than it is when the
coal is In the lump sizes. Averaging the moisture content of the
" five mine samples and car samples of the same Towa coals ana-
lyzed at the coal testing plant of the United States Geological
Survey in 1904 (See Professional Paper No. 48, page 151, U. S.
G. S.), we find that the difference in moisture in the mine sam-
ples and in the car samples after shipping to St. Louis is 2.42
per cent. From extensive studies at the Coal Testing Plant in
St. Louis in 1904, the following conclusion was reached: ‘‘In
sampling coals which run 5 per cent or over in the mine sample,
the probable amount of moisture in the commercial sample can
be obtained by multiplying by the coefficient 0.915.” (See refer-
ence above.) In other words the moisture content of the com-
mercial sample will average 91.5 per cent of that of the mine
sample. This value is too high for Iowa coals. The coefficient
of decrease of moisture from mine samples, calculated from the
five Iowa coals referred to above is .844, or in other words the
moisture content of the commercial sample of ITowa coal will
average about 84.4 percent of that of the mine sample.

The amount of moisture lost on air-drying after mining de-
pends upon (1) the fineness of the coal, (2) atmospheric condi-
tions, (3) time that elapses between mining and consumption, (4)
conditions of storage. The finer the coal, within certain limits,
the more rapid and greater will be the moisture loss. It is
plain that weather conditions, such as variations in temperature
and moisture content in atmosphere, will affect air-drying. Other
things being equal the sooner the coal is used after mining the
less will be the air-drying loss. This is true only within certain
time limits. If coal is stored immediately after mining, the rate
at which air-drying will take place may be affected by the con-
dition of the bins. A bin with good ventilation will naturally
give better drying conditions than one with poor ventilation. As
mentioned before, the structure of the coal will undoubtedly

have something to do with the rate of air-drying.
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Volatile Combustile Matter.—This includes the volatile matter
of coal with the exception of moisture. This term is objected to
as being misleading, for the reason that not all of the volatile
matter of coal, exclusive of moisture, is combustible. However,
the term is in such general use in the coal trade that it has
seemed wise to continue its use.

Towa coals generally average quite high in volatile combustible
matter. The exact nature of the volatile constituents has not
been carefully studied. An investigation along this line is being
planned.

Like most mid-continental and western coals, a large portion
of the volatile matter is distilled off at rather low temperatures.
This is one of the causes of a serious heat loss in the burning
of these ¢oals. Many furnaces in which Iowa coals are burned
are not properly designed and as a result too often the fuel is
blamed instead of the furnace. Better results would be obtained
if greater combustion space or means of furnishing an ample
supply of heated air be provided. The economic combustion of
‘the volatile combustible matter in these coals is an important
factor too often overlooked or neglected in furnace design. The
low efficiency obtained from many western coals is often due
to the fact that combustible volatile matter escapes from the flue
unburned.

Closely associated with the volatile combustible matter of
coals is the smoke nuisance problem. ‘‘Visible smoke* consists
of solid carbon particles and solid or liquid hydrocarbon par-
ticles or tar vapors.”” These result from the incomplete com-
bustion of the volatile matter of the fuel. The black particles
of the smoke are free carbon deposited by the cooling of hot
dissassociated gases. This carbon is evidence of a great waste of
fuel. ‘“Flamet is a phenomenon accompanying the chemical
union of certain gases, one of which is usually oxygen; and the
incandescent solid particles make a flame visible. If some of
these particles in the flame are carbon, formed by the dissocia-
tion of hydrocarbons, luminosity results, and if the temperature
of these particles is reduced below the point at which they com-
bine with oxygen, or if sufficient oxygen is not at hand to effect

*Bureau of Mines bulletin, No. 1, page 9, Volatile Matter of Coal.
tBureau of Mines bulletin, No. 1, page 9, Volatile Matter of Coal.
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the union, they fail to unite with oxygen, and pass off -as solid
carbon in smoke.”” ‘‘The essential requirements of smokeless
combustion are, therefore, three—(1) sufficient combustion
space, (2) sufficient air at a high temperature, and (3) suffi-
cient thorough mingling of gases and air—these three condi-
‘tions to be adapted to the type of fuel and nature of its volatile
produects.”’

The property that many coals possess to dlslntegrate and
change in heat value, known as ‘‘weathering,’’ is associated to
a certain extent with the volatile matter of the coal. Parr* and
Wheeler found that upon liberation of coal from the vein imme-
diately an exudation of hydrocarbons began, followed by an
absorption of oxygen. The losst of hydrocarbons caused a
loss in calorific value averaging about one per cent for the first
week and three to three and five-tenths per cent for a year.
Towa coals no doubt are very similar to Illinois coals in this
respect. Weathering will be further discussed under sulphur.

For the manufacture of illuminating gas, coals with high
volatile matter content are usually preferred. Experience has
shown, however, that not only the percentage of volatile mat-
ter is important, but also its composition. Careful studies have
shown that the composition of the volatile matter of coals varies
greatly. Concerning the value of coals in general for coal gas
manufacture, Fuhlweﬂer;t states:

It is notable that some of the newer Western coals yield con-
qderably less gas than the Kastern coals having the same con-
tent of volatile matter. The ultimate analysis of a coal does
- not throw very much light on its suitability for the manufacture
of gas, although certain general indications may be derived
from it. In general, increasing percentages of hydrogen result
in more volatile constituents, and high percentages of oxygen
apparently decrease the yield of gas and increase the yield of
tar. The higher percentages of nitrogen usually result in more
ammonia. The presence of sulphur is to be avoided as far as
possible, yet its manner of occurrence is important in determin-
ing whether it will be volatile and go off in the gas and have to
be removed, or whether it will remain in the coke. Where the

*University of Illinois bulletin,” No. 32. . ) i :

+University of Illinois bulletin, No. 38.
$Indust. Chem. for Student and Mfg.—Rogers & Aubert, page 418. T
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coke is to be used for the manufacture of water gas, the com-
position and fusion point of the ash is important, while in case
it is to be used for foundry work the absence of sulphur and
phosphorus is essential.

In the manufacture of coal gas four commercial products are
obtained. They are coal gas, ammoniacal liquor, coal tar and
coke. The value of these products, as has been stated, depends
upon the coal from which they are obtained. Iowa coals are
high in oxygen, consequently large yields of tar may be ex-
pected. In this respect they differ very little from TIllinois and
Missouri coals. The oxygen content of Eastern coals is very
much lower. The hydrogen and nitrogen contents of Iowa, Il-
linois and Missouri coals are about the same. Sulphur in Towa
coals is high and much of this substance, as will be seen by ex-
amining the analyses, will go into the gas and will have to be
removed. The coke, which is very poor, will be high in ash and
consequently high in sulphur, which will prevent its use for
forge and metallurgical purposes.

For the manufacture of gas a good grade of marketable coke
is essential. In Towa a coal for gas purposes that will not yield
a good coke cannot be used. The yield of gas from Iowa coals
is low compared with Pennsylvania and West Virginia coals.
Tllinois and Missouri coals are much the same in this respect.
Towa coals are not used for gas purposes for the reasons given
above and the additional reason that the ash-disposal problem
1s very difficult. The cost of operation of a gas plant using
Towa coal is very much higher than one using Pennsylvania or
West Virginia coals. Specifications for gas coals usually call
for a maximum of not more than one per cent of sulphur. This
excludes all Iowa coals.

Fizved Carbon.—Experience has shown that in bituminous
and semi-bituminous coals the steam values are proportional

to the percentage of fixed carbon. Although the fixed carbon
evaporates less water than an equivalent weight of volatile
combustible matter when properly burnt, so much of the latter
is lost through careless firing and faulty furnace construction
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-that the relative steam value of a coal may be approximated by
assuming the fixed .carbon to be the only useful constituent.
For steam tests of Iowa coals see Vol. XIX, pages 417-458,
Annual Report Iowa Geol. Surv. Usually the fixed carbon
is the principal constituent of the coke produced by the destruc-
tive distillation of the coal. Coke produced from Iowa coals
has little value. It has little strength and is high in ash and
sulphur. ’

Ash.—lowa coals are high in ash. This is the most detri-
mental of the inert constituents. From each ton of coal burned
from 200 to 300 pounds of ash are produced. When the fact that
the ash is quite fusible under eertain conditions is taken into
consideration the ash problem is more serious. The labor
charge, in a power plant burning Towa coal, against handling
the ash, is high.

The fact that Towa coals clinker and slag is due very largely
to the high iron content. An examination of the analyses of
Towa coals reveals a high ash content. Further examination
shows that the iron content in the ash is high. The ash analysis
shows the iron to be present as ferric oxide. The fact is that
much of the iron is present in the coals as pyrite (FeS,).

When the furnace temperature approaches low redness the
pyrite breaks up as follows:

FeS,+heat=FeS+S.

Oxygen from the air then reacts with the sulphur
(84-20=80,) to form sulphur dioxide. It will also react with
FeS to form ferrous oxide (FeO) and sulphur dioxide (SO.).
The equation is FeS+30=Fe0+80,. If the temperature of the
furnace does not get too high the ferrous oxide will go over to
ferric oxide.

2Fe0+0=Fe,0,.

If the iron stays in the form of ferric oxide little or no slag-
ging or clinkering will take place. In the case where the fur-
nace temperature is high, the ferrous oxide will react with the
silica (Si0:) to form a ferrous silicate. The silicate formed
will depend upon the temperature and the amount of constit-



744 ANALYSES OF IOWA COALS

uents present. The following reactions take place when firing
is pushed:
FeO 4 8Si0, = FeSiO,
Ferrous oxide  silica  ferrous silicate

9Fe0 + 8i0, = Fe,Si0,

‘Ferrous oxide silica ferrous silicate

Both of these silicates have comparatively low formation tem-
peratures, and these temperatures are readily obtained in fur-
nace or boiler firing. The above silicates at their formation
temperatures are sticky viscous masses which when cooled are
clinkers. If the temperature is raised above the formation tem-
perature of these silicates the mass will fuse and run through
the grates, forming when cool, either a glassy or stony slag. If
the temperature is high enough, as is often the case, the ferrous
sulphide (F'eS) mentioned above will fuse and cause clinkering.
In the presence of carbon (C) at temperatures above 1000 de-
grees C ferric oxide will be reduced to ferrous oxide, which will
then react with silica to form a slag. The formation temper-
atures of calcium and aluminum silicates are very high, but in
some cases calcium silicate will be formed and clinkering will
result. The reaction is

Ca0+4-8i0, = CaSiO,

Lime Silica Calcium silicate

In most cases the lime and alumina will dissolve in the fer-
rous silica to form a complex slag.

‘If Towa coals are to be used for the manufacture of producer
gas, it is probable that the slagging type of gas producer will
work well. At any rate this method of getting rid of the ash
seems feasible. :

Few gas-producer tests have been made on Towa coals. Those
which have been made indicate that a much higher fuel effi-
ciency can be obtained by using the coal in a producer plant.
One test made ‘‘*showed that to produce one electrical horse-
power hour with this coal in the producer required 1.73 pounds
of dry coal, whereas under the steam boiler it required 4.95
pounds to produce the same result, a gain in efficiency for the
producer of 186 per cent. As this coal ran nearly 17 per cent

*Vol, XIX, page 411, Annual Report Towa Geol. Surv.
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of ash in the car sample, the great advantage of using it in the
producer plant will be apparent, and these results seem to epen
the way to a much better utilization of Towa coals.”’

No thorough washing tests of Iowa coals have been made.
The writer believes that thorough experiments along this line
would give valuable results. Much of the ash and sulphur con-
tent could no doubt be removed and the value of the coal thereby
be greatly increased. '

Sulphur.—Jlowa coals are noted for their high sulphur con- -

tent. This constituent renders them practically valueless at
the present time for the manufacture of gas. Iron and sulphur
at a temperature above low red heat react to form FeS. This
- 1s the principal cause of the corrosion of grates and fire boxes
when coals high in sulphur are burned. Not all of the sulphur
in Iowa coals is present as FeS.. Some of it is present as cal-
cium sulphate (CaS0,), magnesium sulphate (MgsSO,), and as
organic sulphur. The sulphate sulphur does little damage, and
unless very high temperatures are reached, goes into the ash.

Deterioration and spontaneous heating of coal in storage is
thought by some authorities to be due to a large extent to the
oxidation of pyrite. Other authorities attribute spontaneous
combustion to oxidation of the available hydrogen and a small
part of the carbon by occluded oxygen. This causes an evolu-
tion of heat. When the sulphur of the pyrite (FeS.;) oxidizes,
heat is also given up. If the coal is fine and the pile is large,
there is little chance for the heat so generated to escape. The
temperature having been raised the velocity of the oxidation of
‘the sulphur, hydrogen and carbon increases and a correspond-
ingly large amount of heat is evolved. The increase in temper-
ature followed by increased velocity of reaction takes place un-
til the ignition temperature of the coal is reached. The rise in
temperature causes an increased amount of volatile matter to
be distilled off. Unless this volatile matter can escape, it will
ignite and burn. A certain amount of moisture seems to aid in
spontaneous combustion. Lump sizes are not as liable to ig-
nite by spontaneous combustion as finer coal. The larger the
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pile and the poorer the ventilation, the greater is the tendency
to ignite by spontaneous combustion.

Storing large amounts of fine coal in large piles is not to be
recommended. Storing under water will prevent spontaneous
combustion and the disintegration of the coal. However, the
storage of coal in larger sized lumps than is to be used will over-
come the difficulties of spontaneous combustion to a great ex-
tent. The storing of Towa coal in large lumps for a very long
time is not recommended, for the reason that disintegration
takes place due to the taking up of oxygen, part of which oxi-
dizes the available hydrogen and a little carbon, as has been
stated before. In time the coals will almost completely slack.
Then the danger of spontaneous combustion is great. This dan-
ger is not greater in Towa coals than in many Illinois and Mis-
souri coals. There is a great deal of difference of opinion con-
cerning the factors that are most important in spontaneous
combustion. An excellent summary of the opinions of many in-
vestigators is given in Illinois University Bulletin No. 46, en-
titled, ‘“The Spontaneous Combustion of Coals,”’ by Parr and
Kressman. :

Summary.—Iowa coals on account of their high ash and mois-
ture contents have correspondingly low heat value. Their high
sulphur content excludes them from the manufacture of coal
or water gas, and renders them destructive to grates and fire
boxes. Their tendency to disintegrate by weathering prevents
their being stored for a great length of time. The experimental
evidence at hand indicates that from 100 to 150 per cent greater
efficiency can be obtained by the manufacture of producer gas.
This method of use should create a preference for Iowa coal for
steaming purposes in Towa. Washing will undoubtedly increase
the value of Towa coals by removing much of the ash and sul-
phur content. Whether this can be done economically has not
been demonstrated, but it is thought that an experiment on an
industrial scale would yield favorable results. The use of Towa
coal at the present time is confined to steam and household use
in the immediate vicinity of the mines. The use of Iowa coals
for power purposes is discussed in Bulletin No. 29, of the En-
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gineering Experiment Station of Iowa State College at Ames.
Iowa coals are of little value for the manufacture of coke on
account of their high sulphur content and low crushing strength.

Iowa coals compare favorably with those of Northern Illinois
and Missouri.

Purchase Of Coal Under Specification.

The purchase of coal under specification depending on the
heating value of the coal, its content of ash and of moisture,
rather than upon the reputation of the coal dealer or the trade
name of the coal, is recommended. The United States Govern-
ment has been purchasing coal for a number of years under spec-
ification with great profit. The specifications used are quoted
below and may be adapted, by the Iowa coal consumer and
dealer, to Towa coals. Only that part of the specification which
deals with Bituminous coal is given. For complete specifications
for different types of coal, consult Bureau of Mines Bulletin,
No. 63, entitled, ‘‘Sampling Coal Deliveries and Types of Gov-
e1nment Spec1ﬁcat10ns for the Purchase of Coal,”’ by Geo1ge
S. Pope.

Specifications and proposals for bituminous coal for steam power plants.
1. Proposals.

1. Sealed proposals, in duplicate, to furnish the quantities of
coal specified in the schedule herewith, required for the use of
(the name of the department, bureau, or institution) for the
fiscal year ending June 30, 19. ., will be received until 2 ¢’clock
PTG, o nivh 2oy 2O A Rl b DS B VN ESt B e R 19. ., at the office
O VLo T AR s R R P T MR and then opened.

2. EBach bidder shall have the right to be present elther in
person or by attorney when the bids are opened.

II. Address of Proposals.

3 Pr oposals in duplicate, must be forwarded to............
..................................... ....., postage prepaid.
Addressed envelope for mailing is inclosed herewith.
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III. © Proposals—Guaranty.

4. Signature. Proposals must be made in duplicate on the
s R i Lo T U 0 QP e (A N IOt S b ok i e
and must be signed by the individual, partnership, or corpora-
tion making the same; when made by a partnership, the name
of each partner must be signed. If made by a corporation, pro-
posals must be signed by the officer thereof authorized to bind it
by contract, and be accompanied by a copy, under seal, of his
authority to sign.

5. Cash or Certified Check. The proposals must be accom-
panied by cash or by a certified check drawn payable to the order
ol ihe Secretaly ol T <. ol Uil 0 i e , in
an amount equal to 2 per cent of the estimated cost of the items
for which bids are submitted, the minimum amount in any case
to be $10. This requirement is solely to guarantee, if an award
is made on the proposal, that within 10 days after notice is given
that an award has been made, the bidder will enter into a con-
tract in accordance with the terms of the proposal and execute a
bond for the faithful performance thereof, with good and suffi-
cient sureties as hereinafter required. In the event of the fail-
ure of the bidder to enter into contract or execute bond, the cash
or check guaranty will be forfeited.

IV. Contractor’s Bond.

6. Swureties. Each contractor shall be required to give a bond,
with two or more individual sureties or one corporate surety
duly qualified under the act of Congress approved August 13,
1894, in which they shall covenant and agree, in case the said
contractor shall fail to do or perform any or all of the cove-
nants, stipulations, and agreements of said contract on the
part of the said contractor to be performed as therein set forth,
the said contractor and his sureties shall forfeit and pay to
the United States of America any and all damages sustained
by the United States by reason of any failure of the contractor
fully and faithfully to keep and perform the terms and condi-
tions of his contract to be recovered in an action at law in the
name of the United States in any proper court of competent
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jurisdiction. Such sureties :(except cotrporate sureties) shall
Justify their responsibility by affidavit showing that they sever-
ally own and possess property of the clear value in the aggre-
gate of double the amount of the above-mentioned forfeiture
over and above all debts and liabilities and all property by law
exempt from execution; the affidavit shall be sworn to before a
judge or a clerk of a court of record or a United States attor-
ney, who must certify of his own personal knowledge that the
sureties are sufficient to pay the full penalty of the bond.

7. May be waived. If the estimated a.mount involved in the
contract does not exceed the sum of $200, then the bond may
be waived with the consent of the department involved.

V. Reservations.

8. Rejection and annulment. The right will be reserved by
the SecTelhEy (Fh . in g o0 o7 to reject any and all bids, to
waive technical defects, and to accept any part of any bid and
reject the other part, if, in his judgment, the interests of the
(Government shall so require; also the right to annul any con-
tract, if, in his opinion, there ghall be a failure at any time to
perform faithfully any of its stipulations, or in case of a will-
ful attempt to impose upon the Government coal inferior to
that required by the contract; and any action taken in pursu-
ance of this latter stipulation shall not affect or impair any
right or claim of the United States to damages for the breach
of any of the covenants of the contract by the contractor. Bid-
ders are cautioned against guaranteeing higher standards of
quality than can be maintained in delivered coal (this applies
more especially to bituminous coal), as the Government reserves
the right to reject any and all bids if the analyses and test re-
sults which the Government may have on record indicate that
higher standards have been offered than can probably be main-
tained.

9. Estimated quantity. The estimated quantity of coal to be
purchased will be based upon the previous annual consumption,
but the right will be reserved to order a greater or less quantity,
subject to the actual requirements of the service.
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10. Tests. The right will be reserved by the Government
to purchase, for the purpose of making boiler tests, other coal
than that herein contracted for, provided the amount so pur-
chased does not exceed five per cent (5 per cent) of the coal
used at the plant during the period covered by this agreement.

11. Lowest bids may not be considered. If it should appear
to the best interests of the Government to do so, the right is
reserved to award the contract for supplying coal at a price
higher than that named in a lower bid or in lower bids, on the
basis of the quality of the coal offered.

12. Failure to contract. If the bidder to whom the award
is made should fail to enter into a contract as herein provided,
then the award may be annulled and the contract let to the next
most desirable bidder without further advertisement, and such
bidder shall be required to fulfill every stipulation expressed
herein, as if he were the original party to whom the contract
was awarded.

13. Contracts non-transferable. No contract can be law-
fully assigned.

14. Default. No proposal will be considered from any per-
son, firm, or corporation in default of the performance of any
contract or agreement made with the United States, or con-
clusively shown to have failed to perform satisfactorily such
contract or agreement.

V1. Description of Coals Desired.

15. Coal desired. Bids are desired on coal as specified be-
low: '

The coal must be a run-of-mine
good steam.............. slack , bitu-
give size) | ©
minous coal, free from bone, slate, dirt, and excessive dust, and
adapted for successful use in the particular furnace equipment.
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16. Lowest quality acceptable. Bituminous coal that shows
on analysis a quality lower than that indicated below will not
be considered:*

Moisture in ‘‘delivered coal’’...... ....per cent
INERRE TR, ERT, ORI it Ve st g 1 ....per cent
Volatile matter in ‘“‘dry coal’..... ....per cent
Sulphur (separately determined)

T SO S e ey T ....per cent
British thermal units in ‘‘dry coal’’

(ST RO e SRS G i) R R, Ma AT B0 vl

17. Information to be supplied by bidder. Bidders are re-
quired to specify the coal offered in terms of moisture, ‘‘as re-
ceived’’; ash, volatile matter, sulphur, and British thermal
units, ‘‘dry coal’’; which values become the standards for the
coal of the successful bidder. In addition, the bidders are re-
quired to give the name and location of the mine producing the
coal, the name or other designation of the coal bed, name of
operator of mine, and the trade name of the coal. This informa-

tion to be furnished in spaces provided under section 57 (A).
VII. Award.

21. Considerations. Bids will be considered on each item sep-
arately; and in determining the award of the contract consider-
ation will be given to the quality of the coal (expressed in terms
of ash in ‘‘dry coal,”’ of moisture in coal ‘‘as received,’’ and of
" British thermal units in ‘‘dry coal’’) offered by the respective
bidders, to the operating results obtained with the coals on pre-
vious Government contracts, as well as to the price per ton.

22. Method of comparing bids. In order to compare bids as
to the quality of the coal offered, all proposals will be adjusted
to a common basis. The method used will be to merge all four
variables—ash, moisture, calorific value, and price bid per ton—
into one figure, the cost of 1,000,000 British thermal units, so
that one bid may readily be compared with another. The pro-
cedure under this method will be as follows:

*The percentages and the heating value to be filled in by the office inviting
bids. 3
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(a) All bids will be adjusted to the same ash percentage by se-
lecting as the standard the proposal that offers coal containing
the highest percentage of ash. Kach 1 per cent of ash content
below that of this standard will be assumed to have a positive
value of 2 cents per ton, and the price will be accordingly in-
creased 2 cents, the amount of premium that is allowed under
the contract for 1 per cent less ash than the standard established
in the contract. Fractions of a per cent will be given propor-
tional values. The adjusted bids will be figured to the nearest
tenth of a cent.

(b) To reduce bids to a common basis with respect to the mois-
ture in the coal offered, the price quoted, adjusted in accordance
with the above, will be divided by the difference between 100
per cent and the per cent of moisture guaranteed in the pro-
posal. The adjusted bids will be figured to the nearest tenth of
a cent.

(¢) On the basis of the adjusted price, allowance will then be
made for the varying heat values by computing the cost of
1,000,000 British thermal units for each coal offered. This de-
termination will be made by multiplying the adjusted price per
ton by 1,000,000 and dividing the result by the product of 2,240,
multiplied by the number of British thermal units guaranteed.

23. Service results and test. If from practical service experi-
ence or by test any of the coals have in the past proved un-
suited for the furnace and boiler equipment, or have failed to
meet the requirements of the city smoke ordinances, the bids
thereon may be eliminated from further consideration, regard-
less of their calculated costs per million B. t. u. The selection
of the lowest bid of the remaining bids on the basis of the cost
per million B. t. u. will be considered as a tentative award only,
the Government reserving the right to have practical service
test or tests made under the direction of the Bureau of Mines, the
results to determine the final award of contract.  The interested
bidder or his authorized representatives may be present at
such test.

25. Service test. Before making final award of contract,
practical service tests, under the direction of the Bureau of
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Mines, will be made of selected coals to determine the suitability
and adaptability of the coals for the particular furnace and
boiler equipment concerned. The interested bidders or their
authorized representatives may be present at such tests. Samples
will be collected from the coals tested, and complete analyses and
calorimetric determinations will be made, as well as determina-
tions of the fusing temperature of the coal ash.

26. Test results part of contract. The results of the service
test of the coal that proves a satisfactory fuel and the results of
the analyses and tests of the samples of that coal will become
a part of the contract establishing the standard of the coal of-
fered by the bidder to whom the final award is made. The re-
sults become the basis for determining rejectable coal during the
life of the contract.

VIII. Delivery.

27. Quantity. The coal shall be delivered in such quantities
. at such times as the Government may direct.

28. Rapidity. All the available storage capacity of the Gov-
ernment coal bunkers will be placed at the disposal of the con-
tractor to facilitate delivery of coal under favorable conditions.
When an order is issued for coal, the contractor upon commenc-
ing a delivery on that order shall continue the delivery with such
rapidity as not to. waste unduly the services of the Government

‘inspector. Information is furnished in the schedule herewith
in relation to the several places, etc., for the delivery of coal, but
the bidder is invited to visit those places and inspect the condi-
tions for his own information.

29. Notices. After verbal or written notice has been given to
deliver coal under this contract, a second notice may be served
in writing upon the contractor to make delivery of the coal so
ordered within 24 hours after receipt of said second notice.
- Should the contractor, for any reason, fail to comply with the
second request, the Government will be at liberty to buy coal
in the open market and for ¢oal so purchased to charge against

48
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the contractor and his sureties any excess in price over the con-
tract price.

30. Hours. The contractor will be allowed to deliver coal
during the usual hours of teaming, that is, between 8 a. m. and
9 p. m. '

31. Weighing. The coal will be weighed by representatives
of the Government without expense to the contractor.

IX. Sampling.

32. Imperative for bituminous coal. As payment for bitumi-
nous coal is based upon the quality of coal delivered as shown
by analyses of representative samples, it is imperative that sam-
ples representing every order of coal be taken and that the
proper official of the Government buildings see that such sam-
ples are obtained. The Bureau of Mines will have general direc-
tion of sampling, giving instructions in the methods of obtain-
ing representative samples, and lending all practicable assist-
ance.

33. Contractor may be present. If desired by the coal con-
tractor, permission will be given to him or his representative to
be present and witness the collection and preparation of the
samples to be forwarded to the Government laboratories.

34. During unloading. The coal will be sampled at the time it
is being loaded or unloaded from railroad cars, ships, barges or
wagons, or when discharged from contractors’ supply bins, ex-
cept as provided for in section 27 of the specifications for an-
thracite broken, egg, stove, and chestnut.

35. Size of increments. When the coal is being unloaded, a
shovel or specially designed tool will be used for taking portions
or increments of 10 to 30 pounds of coal. For slack or small
sizes of anthracite increments as small as 5 to 10 pounds may be
taken. The size of the increments depends on the size and weight
of the largest pieces of coal and impurities.

36. Collection of gross sample. The increments will be reg-
ularly and systematically collected, so that the entire delivery
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will be represented proportionately in the gross sample. The
frequency of collecting the increments should be regulated so
that a gross sample of not less than 1,000 pounds will be col-
lected. If the coal contains an unusual amount of impurities,
such as slate, and if the pieces of such impurities are very large,
it will be necessary to collect gross samples of even 1,500 pounds
ormore. For slack coal and for small sizes of anthracite, if the
impurities do not exist in abnormal quantities or in pieces larger
than three-quarters of an inch, a gross sample of approximately
600 pounds may prove sufficient. The gross sample should con-
tain the same proportion of lump coal, fine coal, and impurities
as is contained in the coal delivered. As the increments are col-
lected, they will be deposited in a receptacle having a tight-fitting
lid and provided with a lock.

37. Preparation of gross sample. After the gross sample is
collected, it will be systematically crushed, mixed, and reduced
in quantity to convenient size for transmittal to the laboratory.
The crushing will be done by a mechanical erusher or by hand
with an iron tamping bar on a smooth and solid floor. In the
absence of a smooth, tight floor, the crushing may be done on a
heavy canvas, to prevent the accidental admixture of any foreign
matter. The mixing and reduction will be done by hand with a
shovel, or mechanically by means of riffles or sampling machines.

38." Hand preparation. When prepared by hand the piecés of
coal and impurities will be crushed to the approximate size in-
dicated in the table below before each reduction:

Size to
which coal
andlim-
2 P purities
Weight of sample to be divided should be
broken be-
fore each
division
1,000 pounds or more______..______ 1 inch
200 -pognds it s fo nr Cao 4 inch .
Sobipenndsye == st o T ik % inch
125 POMMAS: il suit-8 T = m i o # inch
GO POUITISE e st b= L on ol |/ 1 inch
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The 60-pound sample will then be reduced by quartering, or by
the use of riffles or sampling machines, to the desired quantity
for transmittal to the laboratory.

39. Mixing and reduction by ‘‘alternate shovelfuls.”’ After
each crushing, the sample will be thoroughly mixed before re-
duction in guantity, the procedure being as follows:

The crushed coal will be shoveled into a conical pile. A new
long ‘pile will then be formed by taking a shovelful at a time and
spreading it out in a straight line (8 to 10 feet long for a shovel
holding 15 pounds). Each new shovelful will be spread over the
top of the preceding one, beginning at opposite ends, and so on,
until all the coal has been formed into one long pile. By walking
around the long pile and systematically taking shovelfuls, and
shoveling the coal to one side, alternate shovelfuls being dis-
carded, the sample will be halved in quantity.

40. Mizing and reduction by ‘‘ quartering.’”’ The above ‘‘long-
pile’” and ‘‘alternate-shovel’”’ method of mixing and reducing
the sample will be followed with samples of 125 to 250 pounds
or more. Samples smaller will be mixed on a canvas about 8
feet square by raising first one end of the canvas and then the
other, thereby rolling the sample back and forth. After thor-
oughly mixing in this manner, the sample will be formed in a
conical pile and reduced in quantity by quartering.

41. Crushing of increments. Whenever the different incre-
ments of samples are collected throughout some considerable
period of time, each increment may be crushed as soon as taken
and the pieces of coal and impurities broken sufficiently small
to permit two or three reductions of the total accumulated sam-
ple before further crushing is necessary.

42. Special moisture sample. In the reduction of the gross
sample to the sample for transmittal to the laboratory the gross
sample will unavoidably lose moisture. To determine the mois-
ture content in the coal delivered, a separate special moisture
sample must be taken. This will be accumulated by placing in
a hermetically sealed receptacle small parts of the freshly taken
increments of the gross sample.
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43. Moisture samples discretionary. The collection of spe-
cial moisture samples shall be discretionary with the Govern-
ment. Special moisture samples will be taken if in the opinion
of the Government inspector the coal contains moisture in ex-
cess of the amount guaranteed by the contractor. The special
moisture samples will be taken so as to represent the coal with
respect to the moisture contained at time of weighing.

44, FEuxtended deliveries. If deliveries extend over any consid-
erable period, what would otherwise be a gross sample may be
worked down in successive stages to samples of a size suitable
for transmittal to the laboratory, and the samples representing
the several equal parts of a delivery may be analyzed and the
several analyses averaged, or the several samples may later be
mixed (at the delivery point or in the laboratory and reduced
to one sample) and one analysis made.

X. Analysis.

45. Immediately on receipt of a sample in the laboratory it
will be analyzed and tested by the Government in accordance
with the method recommended by the American Chemical So-
ciety, and by the use of a bomb calorimeter.

XI. Causes for Rejection.

46. Character. All coal delivered during a fiscal year is ex-
pected to be of the same character as that specified by the con-
tractor. It should, therefore, be supplied as nearly as possible
from the same mine or group of mines.

47. Quality. It is important that the standards furnished
with bids shall not establish a higher value than can be actually
maintained under the terms of the contract. In this connection
it should be recognized that the small ‘‘mine samples’’ usually
indicate a coal of higher economic value than that actually de-
livered in carload lots, because of the care taken to separate
extraneous matter from the coal in the ““mine samples.”” Tt is
evident, therefore, that it will be to the best interests of the con-
tractor to furnish a correct description with average values of
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the coal offered, as a failure to maintain the standard he estab-
lishes will result in deductions from the contract price, and may
cause a cancellation of the contract, whereas deliveries of coal
of higher. grade than quoted will be paid for at an increased
~ price per ton.

48. Unsatisfactory fuel. Coal containing percentages of vol-
atile matter or sulphur higher than the limits indicated under
“‘Description of Coals Desired,’”’ or having a moisture content
in excess of that guaranteed, or containing percentages of ash
greater than indicated in the column ‘‘Maximum limits for ash”’
in the table in the section entitled ‘‘Price and Payment,”” or
failing to give satisfactory results because of excessive clink-
ering or a prohibitive amount of smoke, or proving for any other
cause to be an undesirable fuel, will be subject to rejection, and
the Government will have the right to cause the contractor to
remove such coal at no cost to the Government. Such event
may result in the Government purchasing in the open market, or
through competitive bidding, such quantity of coal to supply
the deficiency caused by such failure, or annulling the contract
by giving notice in writing to that effect to the contractor, and
the Government, in its discretion, purchasing such coal in the
open market or by contract upon competitive proposals; the con-
tractor to remain liable for all damages sustained by the United
States on account of such failure, including the difference, if
any, between the cost of purchasing and delivering said coal and
the price at which the contractor agreed to furnish it. The con-
tract price must be understood to be the corrected price per ton
based upon analysis, as hereinafter described under the section
entitled ‘‘Price and Payment.’” If it shall be impracticable to
cause the contractor to remove coal subject to rejection, the
Government may use such rejectable coal deducting penalties .
as determined under the section entitled ‘‘Price and Payment,”’
and may in addition, as circumstances warrant in the opinion of
the Government, deduct a further penalty of twenty-five (25)
per cent of the amount of the bill, based on the tonnage of the
coal under question and at the contract price per ton.
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XII. Price and Payment.

52. Prompt payment. Payment will be made‘promptly upon
receipt of a report from the Bureau of Mines on the quality of
the coal under consideration. The Bureau of Mines will furnish
such report in not more than fifteen (15) days after the receipt
of the sample or samples.

53. Determination of price. Payment for coal specified in the
proposal will be made upon the basis of the price therein named,
corrected as follows for variations in heating value, ash, and
moisture from the standards specified in the contract (see sec-
tion 48 for an additional deduction on coal subject to rejection):

(a) Considering the coal on a ‘“dry-coal’’ basis, no corrections
in price will be made for variations of 2 per cent or less in the
number of British thermal units from the guaranteed standard.
‘When the variation in heat units exceeds 2 per cent of the guar-

anteed standard, the correction in price will be a proportional one
and will be determined by the following formula:

B. t. u. delivered coal (“dry-coal” basis) bid price=price

1t
B. t. u. (““dry-coal’” basis) specified in contract X{.es; t;l;;g‘e(f:{;)g;.B.

For example, if coal delivered on a contract guaranteeing 14,-
000 British thermal units on a ‘‘dry-coal’’ basis at a bid price
of $3 per ton shows by calorific test results varying between
13,720 and 14,280 British thermal units, there will be no price
correction. If, however, the delivered coal shows by calorific
test 14,300 British thermal units on a ‘‘dry-coal’’ basis for ex-
ample, the price for this variation from the contract guarantee

is, by substitution in the formula:
14,300 i
M’TO><$‘153,__$3.064

The correction will be figured to the nearest tenth of a cent.

(b) For all coal that by analysis contains less ash on a ‘‘dry-
coal’’ basis than the percentage specified herein, a premium of
2 cents per ton for each whole per cent less will be paid. An in-
crease in the ash content of 2 per cent above the standard estab-
lished by the contractor will be tolerated without exacting a
penalty. When such excess is greater than 2 per cent, dedue-
tions will be made in acordance with the following table:



22}
. deducted =
" g Cents per ton to be deducte E
a8 By ' g
3 23 2 " 4 % 12 18 ’ 25 35 g%
nQ = oo g
S 03 2= g Rl
o33 ety Moo
255 2«8 S Percentages of ash in dry coal gﬁ’
Per Cent Per Cent .
A& W R S 6, inclusive__ 6.01- 7.00 | 7.01- 8.00 | 8.01- 9.00 | 9.01-10.00 | 10.01-11.00 | 11.01-12.00 | 12.01-13.00 11
G M 7, inclusive_- | 7.01- 8.00 | 8.01- 9.00 | 9.01-10.00 | 10.01-11.00 | 11.01-12.00 | 12.01-13.00 | 13.01-14.00 12
(i =t Parm=C 8, inclusive_- 8.01- 9.00 | 9.01-10.00 | 10.01-11.00 | 11.01-12.00 | 12.01-13.00 | 13.01-14.00 | 14.01-15.00 13
| | 9, inclusive__ 9.01-10.00 | 10.01-11.00 | 11.01-12.00 | 12.01-13.00 | 13.01-14.00 | 14.01-15.00 | 15.01-16.00 14
8o il L 10, inclusive-_ | 10.01-11.00 | 11.01-12.00 | 12.01-13.00 | 13.01-14.00 | 14.01-15.00 | 15.01-16.00 | 16.01-17.00 14
O N ey 11, inclusive-_ | 11.01-12.00 | 12.01-13.00 | 13.01-14.00 | 14.01-15.00 | 15.01-16.00 | 16.01-17.00 ' 17.01-18.00 15
10,95 = L= 12, inclusive__ | 12.01-13.00 | 13.01-14.00 | 14.01-15.00 | 15.01-16.00 | 16.01-17.00 | 17.01-18.00 16
e 13, inclusive__ | 13.01-14.00 | 14.01-15.00 | 15.01-16.00 | 16.01-17.00 | 17.01-18.00 | 18.01-19.00 16
] D s ira ALK 14, inclusive__ | 14.01-15.00 | 15.01-16.00 | 16.01-17.00 | 17.01-18.00 | 18.01-19.00 ' 19.01-20.00 17
18 e 15, inclusive__ | 15.01-16.00 | 16.01-17.00 | 17.01-18.00 | 18.01-19.00 | 19.01-20.00 o~ 18
M el ity 16, inclusive_- | 16.01-17.00 | 17.01-18.00 | 18.01-19.00 | 19.01-20.00 ' 20.01-21.00 19
Ty e, 17, inclusive-. | 17.01-18.00 | 18.01-19.00 | 19.01-20.00 ' 20.01-21.00 T 19
4 s, e 18, inclusive__ | 18.01-19.00 | 19.01-20.00 | 20.01-21.00 v~ 20
(7l S 19, inclusive__ | 19.01-20.00 | 20.01-21.00 | 21.01-22.00 21
R - e 20, inclusive__ | 20.01-21.00 | 21.01-22.00 | 22.01-23.00 22

*These limits are used in determining rejectable coal, see section 48, marginal heading “Unsatisfactory fuel.”

09L
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As an example of the method for determining the deduction
in cents per ton for coal containing ash exceeding the standard
by more than 2 per cent, suppose coal delivered -on a contract
guaranteeing 10 per cent ash on the ‘‘dry-coal’’ basis shows by
analysis between 14.01 and 15 per cent (both inclusive), or, for
instance, 14.55 per cent, the deduction according to the table is
7 cents per ton (reading to the right on line beginning with 10
per cent on the extreme left, which in this case is the standard,
to the column containing ‘“14.01-15,’’ the deduction at the top
of this column is seen to be 7 cents). '

NOTE.—If the ash standard is an uneven percentage, the table will be revised
in order to determine deductions on account of excessive ash. For example, if
the ash standard is 6.53 per cent, each percentage value beginning with 6 in the
left-hand column and all figures In the line reading to the right of 6 will be in-
creased by 0.53, There would be no deduction then in price for ash in delivered
coal up to and including 8.53 per cent, while for coal having an ash content, for
itx;z:ance, between 11.54 and 12.53 per cent the deduction would..be 12 cents per

(¢) The price will be further corrected for moisture content
in excess of the amount guaranteed by the contractor, the de-
duction being determined by multiplying the price paid by the
percentage of moisture in excess of the amount guaranteed. The
correction will be figured to the nearest tenth of a cent. For
example, if coal delivered on a contract guaranteeing 3 per cent
moisture with bid price of $3.50 per ton shows by analysis 4.65
per cent moisture, the bid price is multiplied by 1.65 (the ex-
cess moisture), which gives 5.8 cents ($0.058) as the deduction
per ton.

[$3.50 X (4.656—3.00=1.65 per cent)=5.775 cents.]
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" XIII. Informatlon to be Supplied.*

55. Estlmated quantlty of coal quulred ————tons (2 000 or
2,240 pounds).

56. (The point of delivery, method of dehvery, capamty and
facilities for storage, ete., are here furmshed R

57. The bidder must 1nsert in the blank space below the in-
formation called for on the “coal he proposes to furnish, with-
out which information the proposal will be informal:

(a) Commercial name of the coal
(b) Name of the mine or mines

(¢) Location of the mine or mines (town, county, state)....:

...................................................

(d) Railroad on which mine is located.....................
{e) Name or other designation of the coal bed or beds........

(f) Name of operator of mine o mrimes. . L1 Ku, 0L iu Ul :
(9) British thermal units per pound of ‘‘dry T i e S SN
%) Perfontape of Aghin*ddrg epRl=Ril s, 0 0L,
(i) Percentage of sulphur in ‘“‘dry coal’”........... fE. T en

- (4) Percentage of volatile matter in ‘‘dry coal’”’............
(&} Masbinecrinleaaanipatetved M1 s 0L L Lo it T
(1) ‘Additional description of coal as deemed of importance by
T T L o e e IR e e S i

(m) Price per ton of....pounds (this price is understood to
be the bid price per ton, see section 53 for method of
determining price for delivered coal).................

*Bijdders are cautioned against specifying higher standards than can be main- .
tained, for to do so may result in the bid being rejected (sec. 8), or may result in
rejection of delivered coal or cancellation of the contract and the Government pur-
chasing coal in the open market and charging against the contractor the differ-
ence in cost (see secs. 47 and 48).
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THE SECRETARY OF THE . & v vveeraenennnnn DEPARTMENT :

The undersigned hereby propose.. to furnish and deliver to
............................. the coal as above specified, and
at the price stated above, for the fiscal year commencing on the
rshiof duby, .. i and endmg on the 30th of June,.....

The undersigned ha... read the specifications and proposal

and agree.. to comply therewith in every particular.
Signature of each member of

the firm and firm name. If a cor-

poration, its name, and signature

of the officer authorized to sign

for the corporation, together with

a copy, under seal of his author-

ity to sign; also, the name of the

state in which incorporated.

..............................................

Doing business under the firm name of....................
Plage of DuSIness; « s o . fos o onvns I e e S Bl i

NOTE.—Owing to the difficulty in deciphering signatures a typewritten copy
of same should be attached.
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