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BRIQUETTING TESTS OF LIGNITE AT PITTSBURG, PA.
JULY 1, 1908, TO JUNE 30, 1909.

By Cuarres L. WrigHT.

INTRODUCTION.
PROPERTIES OF LIGNITE.

Coals may be divided into six classes—anthracite, semianthracite,
semibituminous, bituminous, subbituminous, and lignite. The first
three classes can be distinguished by differences of composition, par-
ticularly the proportions of fixed carbon and the ratios of the fixed
carbon to the volatile matter in the coals. The last three classes can
be distinguished by differences in physical character, chiefly in color
and in manner of weathering.

Lignite is brown, not black, and has generally a woody look, but it
weathers in much the same way as subbituminous coals. On exposure
to the air lignite slacks or crumbles. The lumps check and fall into
small irregular pieces that exhibit a decided tendency to separate
into extremely thin plates. Hence lignite deteriorates greatly during
storage or long transportation.

The most characteristic feature of the composition of lignite is a
large percentage of moisture. This high moisture content reduces
the fuel value of freshly mined lignite, and the partial evaporation
of moisture, on exposure, causes the fuel to check and fall to pieces.
Consequently, attempts to increase the efficiency of lignite as a fuel
involve reducing its percentage of moisture and increasing its ability
to endure storage and transportation. Both these results are accom-
plished by briquetting.

LIGNITE FIELDS IN THE UNITED STATES.

The total extent of territory in the United States that may contain
workable beds of lignite is much greater than the extent of the de-
posits known to be workable. The total area underlain by possibly
workable beds is estimated to be 148,609 square miles. Millions of
acres of this land belong to the Government.

The principal workable deposits of lignite are within the northern
Great Plains province, which occupies most of the western half of
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8 BRIQUETTING TESTS OF LIGNITE.

North Dakota, part of the northwest portion of South Dakota and
much of the eastern half of Montana. In this province many thou-
sand square miles of land are underlain by workable beds, the work-
able beds in North Dakota alone, according to the United States Geo-
logical Survey, underlying 81,240 square miles. Deposits of lignite
extend completely across the State of Texas, but the deposits regarded
as workable are in scattered districts that have a total area of about
2,000 square miles. Workable lignite deposits occur in several other
States.
UTILIZATION OF LOW-GRADE FUELS IN EUROPE.

For many years European countries have been developing supplies
of fuels that have low heat values, and have succeeded in making the
utilization of peat, lignite, and the screenings of bituminous coal and
anthracite the basis of important industries. In several countries
large amounts of capital have been invested in the manufacture of
fuel briquets. The magnitude of the briquet industry in Germany
and the part it plays in utilizing the lignite or brown-coal deposits
of that country are shown by the fact that in 1910 the German Em-
pire produced 19,561,494 metric tons (21,575,000 short tons) of
briquets, of which 15,120,255 metric tons (16,675,000 short tons), or
77 per cent of the total output, were made from lignite. These lig-
nite briquets are much liked for domestic use, and form the chief
household fuel in many large cities.

TESTS OF LIGNITE BY THE UNITED STATES GOVERNMENT.

The United States Geological Survey in connection with the work
of the coal-testing plant erected at St. Louis, Mo., in 1904, undertook
an investigation of the merits of lignite as a fuel, with the object of
ascertaining the most efficient methods of utilizing it. The Survey
made briquetting tests of lignite and also combustion tests of lignite
briquets and of raw lignite in boiler furnaces and in gas producers
at St. Louis, Mo., and at Pittsburg, Pa. The results of the tests of
lignite at St. Louis are to be found in United States Geological
Survey Bulletins Nos. 261, 290, 332, 343, and 363, and Professional
Paper 48. (See Bibliography.)

In the spring of 1907 the steam-engineering, gas-producer, and
briquetting sections of the fuel-testing plant were removed from St.
Louis, Mo., to Norfolk, Va., where the Jamestown Exposition Com-
pany provided a building for their use. The briquetting tests at
Norfolk were confined to coals from Virginia and West Virginia.

During the fall and winter of 1908 most of the fuel-testing equip-
ment used at Norfolk was removed to Pittsburg, Pa., and erected
there. Various improvements were made, and early in 1909 the
briquetting plant was in operating condition.



INTRODUCTION. 9

The briquetting tests described in this bulletin were of lignites
from North Dakota, Texas, and California. Steaming tests of North
Dakota lignite were made at the Reclamation Service pumping plant
at Williston, N. Dak., under the direction of D. T. Randall and
Henry Kreisinger, and have been described in Bureau of Mines
Bulletin 2. Combustion tests of raw lignite in house stoves of special
design have also been made.

The act establishing the Bureau of -Mines authorized the transfer
of fuel-testing investigations from the Geological Survey to the new
bureau. This act became effective July 1, 1910, and in consequence
of the transfer of the investigations this bulletin is published by the
Bureau of Mines, though it deals with work done by the technologic
branch of the Geological Survey in the fiscal year ended June 30,
1909. The funds available for fuel investigations by the Bureau of
Mines are not sufficient to enable the bureau to carry on the lignite-
briquetting investigations on a practical scale.

PURPOSE OF BRIQUETTING TESTS.

Briquetting tests of lignite were undertaken at the fuel-testing
plant at Pittsburg to ascertain the following facts:

1. The possibility of briquetting American lignites without adding
binder to them.

2. The suitability of the German brown-coal briquet presses for
briquetting American lignites,

3. The percentage of moisture needed in the briquet material to
give the best briquets. ,

4. The approximate commercial cost of briquetting lignites.

5. The weathering qualities of briquets as compared with raw
lignites.

An additional purpose of the tests was to provide a supply of lig-
nite briquets from which to determine their value as (a) steaming
fuel under boilers, (5) gas-producer fuel, and (¢) domestic fuel.

RESULTS OF BRIQUETTING TESTS.

The results of the briquetting investigations conducted by the
Government are expected to prove of considerable value, not only
to the Government itself as the owner of extensive lignite deposits
and the largest single purchaser of fuel, but also to the people
living in the regions where lignite is found. The problem of a fuel
supply in those regions is of peculiar interest, for many of the lignite
deposits are situated long distances from fields of high-grade coal.
The problem assumes still larger proportions when one realizes that
the development of manufacturing industries in those regions depends
upon the ability to obtain a cheap and satisfactory fuel.
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Although the results presented in this bulletin are not conclusive,
they warrant the continuation of the investigations as soon as funds
can be made available for the purpose. Enough testing has been
done to indicate that some American lignites equal German lignites in
fuel value and can probably be made into briquets on a commercial
scale without the use of binding materials. Three samples of lignite,
one from Texas, one from North Dakota, and one from California,
were made into satisfactory briquets without the addition of a binder.
It was proved that some lignites after having slacked by exposure
can be made into briquets without the use of binding material, not-
withstanding a general opinion that this could not be done. Cohesion
and weathering tests demonstrated that good briquets endure han-
dling and resist weathering much better than the lignite from which
they are made.

PERSONNEL.

A. W. Belden had general supervision of the work of the coking,
. washing, and briquetting sections of the testing plant at Pittsburg.
Charles L. Wright designed the briquetting plant and was responsible
for its erection; he also had charge of the briquetting and other tests
of the raw fuel and the various physical tests of the briquets. H. L.
Gardner rendered valuable aid in recording observations and assisted
in making the physical tests. Otto Lehman, a machinist in the em-
ploy of the manufacturers of the German lignite press, was engaged
from November, 1908, to April, 1909, to superintend the erection of
the press and to assist in its operation. The writer takes this op-
portunity to acknowledge the faithful and efficient work of the press-
men and laborers engaged on the briquetting tests.

BRIQUETTING PLANT AT PITTSBURG.
GENERAL DESCRIPTION.

At the experiment station of the Bureau of Mines, at Pittsburg,
a complete lignite-briquetting plant is installed in the main part of
the briquetting building. This plant was built by the Maschinen-
fabrik Buckau Actien Gesellschaft zu Magdeburg, Germany. As
received from the maker, the plant included the following equipment :
A tubular drier, a sorting sieve, auxiliary crushing rolls, a cooler, a
screw conveyer, a large storage hopper, a briquetting press directly
connected to a steam engine, apparatus for conveying the briquets,
shafting, hangers, and extra sets of dies. To complete the plant, the
Survey erected a coal elevator, a crushing roll, and the necessary belt-
ing and piping, in addition to the building and stacks.

The English machine used at St. Louis and Norfolk for briquetting
anthracite and bituminous slack and coke breeze was set up in the
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BRIQUETTING PLANT AT PITTSBURG. 11

building, but no provision was made for using it to briquet large
quantities of fuels during the period covered by this report. Instead,
work was concentrated on tests of lignite with the German machine.

BUILDING.

The briquetting machines and their equipment are housed in a steel-
framed building inclosed with curtain walls of reinforced concrete 2
inches thick. The steel work is of heavy construction, for it has to
carry not only the machinery, but also, on the third floor, a storage
room to hold 100 tons of coal or lignite. Plate I illustrates the gen-
eral appearance of the building.

Y ————

X w Ex;losion

. door
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FIGURE 1.—Longitudinal section of lignite-briquetting plant.

EQUIPMENT AND OPERATION OF PLANT.
CONVEYER AND CRUSHER.

Two bins of 60 tons capacity each for storing the raw lignite were
built near the car track at one side of the briquetting building, so
that the lignite could be shoveled directly into them from the box
cars in which it had been shipped from the mine.
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A bucket elevator (figs. 2, 3) of the link-belt type was erected to
carry the raw lignite from the ground to the third floor of the
building.

The single-roll crusher A (figs. 1, 2) was installed in the bin room
on the third floor. The roll had a corrugated surface and the ma-
terial passed between it and a dead plate. The crusher and the raw-
material elevator were driven by a motor through line shaft R, as
shown in figure 2.

| 91 02— J

g
o

12

Ficurn 2.—Cross section of lignite-briquetting plant.

The crusher was expected to break run-of-mine lignite down to
pieces § inch in diameter or smaller, but it would not do so at one
pass. Some samples of lignite had to be run through the crusher
several times after the larger pieces had been broken with a hammer.
The North Dakota lignite acted like tough wood and was especially
hard to crush.

The experience gained from the tests indicates that lignite should
be crushed in stages; first by a toothed roll and then by a smooth
or corrugated roll or by a disintegrator. In Germany three sets of
crushers are used in lignite-briquetting plants.
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A. RECEIVING END OF SCHULZ DRIER.

B. DELIVERY END OF SCHULZ DRIER.
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DRIER.

The Schulz tubular drier C (figs. 1, 2) was installed on the second
floor of the building. It was similar in shape to an ordinary multi-
tubular boiler, 221 feet long, 73 feet in diameter, and had 195 tubes
of 3% inches inside diameter, evenly spaced around the drum. The
material to be dried passed through the tubes, which had a drying
surface of 4,310 square feet.

This drier, which weighed 27 tons, was supported at the ends, the
receiving end (Pl IT 4) being about 3 feet higher than the delivery
end (PL IT B). A step bearing at the lower end took the end thrust.
A worm gear turned the drier at a speed of 5.2 revolutions per
minute; the material to be dried passed through the tubes by gravity.

20/9"
i
O Coal bin Coal bin
>< E;ﬁﬁ:line
d 4 H—— H H *
5 B =

—
}( ‘Pms | | Engine I

German C————1

210"

machine

| |
—L'{L Y H H )\ H --*Qw‘-
e R
€ ]

2’concrete curtain wails o

‘F1GURE 3.—Plan of first floor of briquetting plant.

A 5-inch pipe carried the exhaust steam from the engine of the
briquet machine to the drier, the steam entering the latter through
the upper bearing. A safety valve on the pipe could be set to keep
any desired pressure on the drier. During the tests steam pressures
of 3 to 30 pounds per square inch were used, according to the degree
of dryness desired. A 2-inch pipe fed live steam into the drier when
the engine was not running. The ground lignite was fed into the
drier tubes by a chute (shown in PL IT A) that led from an opening
in the third floor, under the roll crusher.

The lower or delivery end of the drier was connected with a revolv-
ing screen by a hopper (D, figs. 1, 2 and PL. ITIT 4). This screen
had openings of two sizes; those in the receiving half were % inch
square, and those in the other half were £ inch square. Material
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larger than 8 inch was discharged from the end of the screen through
a waste pipe.

The sheet-metal casing under the screen had two legs. The ma-
terial that passed the %-inch openings fell through one leg, F’,
(fig. 2) into the cooler, while the material passing the §-inch section
of the screen fell on a pair of rolls, was crushed to a fine powder,
and then fell into the cooler through the other leg, F.

COOLER.

The cooler (G, figs. 1, 2, and PL. IIT A) was of the plate type. It
had four circular stationary plates 13 feet in diameter, arranged one
above the other, with raised edges and closing plates to keep the dust
from escaping. Over each plate four radial arms, each carrying
several scrapers set at an angle of 45° with the arms, were revolved
by a vertical central shaft. The material was scraped from the outer
edge of the highest plate toward the center, where it fell through
holes to the plate below; another set of scrapers moved it to the
outer edge of that plate and another set of holes. Thus it reached
the bottom plate, from which it went to a worm conveyer (H, fig. 1
and PL IIT A). This conveyer elevated the cooled material to the
second floor where it fell, through chute I, into large hopper K over
the German press L (fig. 1).

The drier C, sorting sieve E, crushing rolls F, cooler G, and worm
conveyer H were driven from the main shaft S, which in turn was
driven by the 50-horsepower motor N.

DUST STACKS.

The dust and gases from drying lignite may form explosive mix-
tures with air; hence stacks W and X (fig. 1) were erected over the
delivery end of the drier to carry off the dust and gases, as shown by
the arrows in figure 1, and to keep them from coming hack into the
room through the ends of the tubes near B. An explosion door was
placed at the upper end of stack W. Most of the dust settled in the
down-coming section of stack W and went to hopper D through a
chute. A spray was put in stack X to wash out any dust that re-
mained in the gases, and to condense steam and other vapors. The
air current up the stacks tended to increase the capacity of the drier.

GERMAN MACHINE.

The German machine (Pl. IV) was designed to briquet either
peat or lignite that will cohere under pressure because of inherent
bituminous matter. The press was not intended for briquetting ma-
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BRIQUETTING PLANT AT PITTSBURG. 15

terials to which a binder has been added, and attempts to use a similar
press for briquetting materials containing artificial binder will prob-
ably result in a stalled machine or a broken stamp.

The machine is of the open-mold type, and the material pressed
passes through the mold. In its passage the material is reduced in
volume, because the opening in the delivery end of the mold is
smaller than the one in the receiving end. This difference in size
of the two openings is shown by the vertical sections through the
mold given in figure 4, the vertical height being greater at a .than
at . The dimensions given in the figures are in millimeters.

A charge of the prepared material sufficient for one briquet enters
the mold at C, is pressed by the stamp E into the end of the mold and
is pushed along to D, the end of the travel of the stamp E. The
stamp moves back, and then presses another charge to D. The first
charge is forced along under heavy pressure in the direction of the

60: 040
i = 3 Steel
[o] 51 Steel }(—80): Chilled cast iron
Bl D8 L0 2 b —s & F
| ) Shied F—SO‘H Chilled cast iron [
=N 5 5 Steel
= LONGITUDINAL VERTICAL SECTION THROUGH MIDDLE OF MQLD L
60
- [l 4 s R ) secTioN A-B
Scale of inches

FIGUurR 4.—Vertical sections through mold box of lignite-briquetting press; dimensions
are in millimeters.

arrow until it reaches a; as it passes from a to b, in what is called the
die angle, it is compressed at top and bottom by the reduction in
height of the mold. From b the briquet is forced along by the suc-
cessive charges of material and its sides are hardened and polished.
When it leaves the mold at F, the briquet is hot, but after it has
traveled in a trough for a few feet from the machine it is ready for
storage or loading into cars. The press L (fig. 1) is directly con-
nected to the steam engine M. The stamp E (fig. 4) is bolted to a
sliding headblock that is actuated by a connecting rod and eccentric.
The throw of the eccentric is 7 inches.

ENGLISH MACHINE.

The English machine,® shown in Plate V, consists of a heating and
mixing chamber of cylindrical shape; a die-filling box, also of cylin-
drical shape; a die-filling plunger; a vertical die plate; and double-

@ For a detailed description of the English machine, see U. 8. Geol. Survey Bull. 385, pp.
12-14,
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compression plungers. This machine is suited for briquetting any
solid fuel with added binder. It was built by William Johnson &
Sons, of Leeds, England. _

No provision was made for experiments with this machine during
the fiscal year ended June 30, 1909, and its equipment was not com-
pleted. However, a short conveyer was put in to connect the machine
with a chute shown at T (fig. 1) on the worm conveyer H, so that
material could be crushed and mixed with the binder on the third
floor of the building and transported to the machine by the hopper
D, cooler G, and conveyer H. This arrangement was not intended
for making large lots of briquets, but only for short runs to determine
the briquetting qualities of a sample of fuel.

COMPARISON OF GERMAN AND ENGLISH MACHINES.

The capacity of the German and of the English machine, the horse-
power required to drive each, and other details are summarized in the
following table:

Details of briquetting machines.

Capacity. Average
pressure
Horse- ‘;’t‘;";]]‘(gg Briquets | Average per
Machines. power or per weight of Per square
required. minute. minute. |1 briquet. Perhour.| 8hour in(():n ﬂfﬁd
day. quet.
Pounds. Tons. Tons. | Pounds.
English...coeiieiniiiiai... 25 17 34 3.75 3.8 30 2, 500
German.......ccceeeeveecnnnnnn. 100 100 100 1.00 3.0 24 20,000

The briquets made by the German press have flat sides and rounded
ends. A good idea of their appearance may be obtained by referring
to Plates VI to XI. They measure approximately 61 by 24 by 1 inch,
and weigh about 1 pound apiece. The briquets produced by the
English machine are parallelopipeds, with the edges rounded off.
Their average weight is 3.75 pounds.

LABORATORY HAND PRESS.

A laboratory hydraulic press (Pl III, B), operated by hand, was
used for preliminary investigations. It contained a mold 3 inches 1n
diameter and 9 inches long, around which was a steam jacket. This
press was adapted for tests with or without binding material and
with hot or cold dies. The pressure obtainable with the 3-inch
mold was 50 tons, or 14,000 pounds per square inch. By using a
smaller mold that was made, a pressure of 32,000 pounds per square
inch could be obtained. The press proved very useful and many tests
were made with it, but since these tests were preliminary, they are
not included in this report.
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COST OF A BRIQUETTING PLANT.

It is estimated that a plant capable of producing 25 tons of lignite
briquets per 10-hour day can be erected for $56,000. This estimate
is based on the cost of the plant at Pittsburg, Pa., as shown below:

Cost of German lignite-briquetting plant.

German lignite-briquetting press with engine complete, with Schulz
drier, cooler, worm conveyer, shafting, hangers, pulleys, etc., f. 0. b.

Hamburg $16, 000
Freight on outfit, Hamburg to mine in United States, 100 tons________ 4, 000
Duty, at 45 per cent ad valorem 7,200
Building complete with foundation 15, 000
Crushing machinery and necessary elevators 2, 500
One 30-horsepower motor to drive crushers and elevators, with

rheostat 800
One 50-horsepower motor to drive drier, cooler, etc., with rheostat____ 1,000
Erection of machinery 3, 000
Two 100-horsepower boilers, with equipment 2, 500
Surface grinder to dress dies, ete__ 1, 000
Superintendence, miscellaneous supplies, freight, etc 3, 000

56, 000

Nystrom @ estimates the cost of a complete plant of about the same
capacity to be $54,000 to $60,000, so that his figures agree with the
cost of the plant at Pittsburg, including the cost of necessary changes
in the crushing equipment of the latter.

The following table shows in detail the cost of a briquetting plant
equipped with an English (Johnson) machine having a capacity of
38 tons per 10-hour day:

Cost of English briquetting plant.

Johnson briquetting machine complete, with heater and press___._._____ b $4, 500
Freight, England to mine in United States, 20tons______ . _____ 1, 200
Duty, at 45 per cent ad valorem 2, 025
Building. __ R 10, 000
Crushing machinery and necessary elevators - 2, 500
One 50-horsepower engine 500
Boiler, piping, etc —— 2, 000
Erection of machinery. PR, — 2, 000
Superintendence, miscellaneous supplies, freight, ete__________________ 3, 000

18, 325

a Nystrom, E., Peat and lignite; manufacture and use in Europe. Canada Dept. of
Mines, Ottawa, 1908, pp. 130-170.
b Consular Reports, No. 26, p. 100.

33342°—Bull. 14—12——2
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BRIQUETTING TESTS.
LIGNITES TESTED.

Briquetting tests were made on the following samples, which were
considered typical of the lignites in the more important fields in the
United States:

Samples of lignite tested.,

Number

Field designation. ) Source. Size. of tests.

Rockdale, Milam County, Tex..... (a)
Lytle, Medina County, Tex........ b3
..| Calvert, Robertson County, Tex. 5
..| Scranton, Bowman County, N. Dak . 5
..| Lehigh mine, Stark County, N. Dak feeens do. .. eveennns 11
Ione, Amador County, Cal............. N . do..cvinnnnnnn 8
Vanderwalker, Ward County, N. Dak.............. 3-inch lump....... 4

a No official tests made on this sample, which was used in adjusting the machine.
b Several preliminary tests also made.

METHOD OF MAKING TESTS.

The samples of lignite to be tested were either kept in one of the
two storage bins previously mentioned or were piled upon the ground
near by. All the samples were shipped to the plant in box cars.

In making a briquetting test about 3 tons of lignite were taken by
elevator P (fig. 2) to the third floor and dumped there in a pile.
The lignite was then shoveled into crusher A (figs. 1, 2), which
reduced it to §-inch or smaller pieces. The crushed material passed
through a hole in’ the floor and chute B (figs. 1, 2) into the tubes
of a drier (C, figs. 1, 2, and Pl. IT 4, B). The dried lignite fell
into hopper D (figs. 1, 2), and the part that was fine enough to
pass the %-inch sieve fell directly into the cooler G (figs. 1, 2)
through leg F (fig. 2). The pieces larger than % inch and smaller
than £ inch fell on a pair of crushing rolls at F (fig. 2), and when
crushed dropped into the cooler (G, figs. 1, 2, and PL. TIT 4). All
material that passed through the cooler was elevated by a screw con-
veyer (H, fig. 1 and PL III A4) to the second floor and dropped
through chute I (fig. 1) into a hopper (K, fig. 1 and P1. IV). Over-
flow chute J (fig. 1) was intended to prevent damage to the screw
conveyer H, in case the hopper K became full, by permitting the
excess material to pass to the second floor through chute J. From
hopper K (fig. 1) the material was fed at a uniform rate to the press
L. The briquets were cooled by lying for several minutes in a
trough or “slideway,” shown at the front of the machine in Plate
IV, from which they were carried in barrows to storage piles-under
cover.
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At each test the raw material, as it was fed into the drier, was
sampled for chemical analysis and determination of heat value. The
dried and cooled material was sampled as it fell into the hopper K
(fig. 1), and its temperature and moisture content were determined.
A sample of the briquets was taken for analysis and determination of
heat value.

CHARACTER OF TESTS.

The tests described in this bulletin, as has been stated, were made
on the German machine without the use of any artificial binder, the
natural inherent bitumen of the lignites themselves yielding the bind-
ing material. Therefore those lignites that were not made into good
briquets in the German press may be made into excellent briquets in a
machine adapted to working with an artificial binder. Certainly
there is opportunity for further experiments in this direction, and it
is hoped that the Bureau of Mines may be able to conduct briquetting
tests of lignites and different binders with the English machine.

Only small lots of lignite could be tested at a time, since the size
of the large hopper over the press controlled the quantity of mate-
rial dried. Until the press started, one was never sure that the
material would not stall the machine. Therefore only enough mate-
rial was fed to the drier to fill the large hopper, so that should diffi-
culty be experienced in getting the material through the press, there
would not be an excess to overflow on the floor. The necessity of
drying small lots was unfortunate, as about 6 tons of material could
be put through in the time needed to get the apparatus warmed to
working temperature, and the use of only about 3 tons of lignite for
a test resulted in the first part of each lot being dried more than the
last part.

DIE ANGLES USED.

The “ die angle,” or “angle of dies,” is the angle to which one end
of the long die blocks is ground to decrease the sectional area of the
mold, and thus compress the material passing through. The situa-
tion of this angle may be seen by referring to figure 4, in which the
die angle extends from a to &; the size of the angle may be found
with sufficient accuracy by dividing the decrease in vertical height
of the mold (e minus b) by the length of the part ground off, and
finding from a table of natural tangents the angle having a tangent
equal to this quotient. To define it in another way, the die angle is
Decrease in vertical height

Length ground away
“As the angular measure in degrees does not convey such exact infor-

mation as do the dimensions of the portion removed by grinding,
the latter are styled the “ die angle” in the notes on the tests.

the angle whose tangent=
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In figure 4 the normal or standard die angle is shown, and its size

is here reported as 8§6’
instance is 66—60=6 mm., and the length ground off is 80 mm. The

for the decrease in vertical height in this

angle whose tangent is 8% is 4° 20’. In the tests here reported vari-

ous die angles were used, ranging from 61—0 to (?8
The height and length of the metal ground off the sets of dies used,
the ratios of these dimensions, and the angles corresponding to these

ratios are shown in the following table:

Die angles used,

Angle of
Ratio or | which
tangent. | ratio is

Angle of
Decrease | Length . 3 Decrease | Length
inverticall ofdie |Ratioor| which i oericall “of die

: tangent. | ratio is :
height. angle. tangent. height. angle.

Mm Mm. ° ! Mm Mm. ° !
L0 60 0.016 0 55 5.0 89 0. 0562 3 13
15 60 .025 1 26 55 89 . 0618 3 32
3.0 76 .0394 2 15 6.0 .0674 3 51
4.0 110 . 0364 2 5 7.0 89 .0786 4 30
4.0 89 . 0450 2 35 8.0 L1176 6 42

PRESSURES USED.

* The German briquetting press was built to give a working pressure
of 14,000 to 28,000 pounds per square inch, and as the area of the
face of a briquet was 15.55 square inches, the total pressure developed
by the machine was 217,700 to 435,400 pounds. The pressure actually
used in the different tests could not be determined, and could be
approximated only when the material stalled the machine, the pres-
sure then being maximum.

INCIDENTAL CHEMICAL TESTS.
MOISTURE CONTROL.

Most of the chemical analyses in this report were made at the
general chemical laboratory of the fuel-testing division under the
direction of F. M. Stanton and, later, A. C. Fieldner, but as it was
impossible for that laboratory to make moisture tests and report
results the same day, a laboratory was arranged by the briquetting
section for making control moisture tests, using a method devised
by Mr. Stanton. The procedure was as follows: Fifty grams of
coarsely crushed lignite were placed in a distilling flask of about
200-c. c. capacity, covered with 70 c. c. of kerosene, and heated over
a gas flame. The moisture driven off was condensed in a Liebig
condenser and run into a tall 25-c. ¢. measuring cylinder or burette.
The distillation was carried on until a thermometer in the flask
showed a final temperature of 350° F. The cubic centimeters of
water in the measuring cylinder were noted when the thermometer
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in the flask registered 250° F., 300° F., and 350° F., and the percent-
age of moisture in the sample was taken as the percentage of moisture
distilled at 300° F. Of course, some of the kerosene distilled over,
but it readily separated from the water and the quantity of the latter
in the measuring cylinder could be accurately read.

EXTRACTION TEST.

To determine the percentage of bitumen or natural binding ma-
terial in the raw or briquetted lignite, samples were extracted with
carbon bisulphide in a Soxhlet apparatus in the following manner:

Five grams of the finely ground material were weighed in an ex-
traction thimble and extracted in a flask that had been dried for
one-half hour at 108° C., cooled in a desiccator, and weighed. After
the material had been in the extractor five hours the carbon bisulphide
in the flask was distilled off and recovered in the Soxhlet extractor;
the flask and its contents were dried at 108° C. for one hour, cooled
and weighed, and the percentage of material extracted was calculated
from the weight of the residue. The result was computed to a
moisture-free basis for convenience of comparison and the results
of the extraction tests herein reported are on this basis.

Since the percentage of material soluble in carbon bisulphide indi-
cates the percentage of natural binder in the lignite, the results of
an extraction test are valuable aids in determining whether a sample
under investigation can be briquetted without adding artificial binder.
If it can not be, the results are a guide in determining how much
binder must be added to make satisfactory briquets.

The results of extraction tests of the lignites briquetted are shown
in the following table:

Eaxtraction-test results.

Average
Number | Pr ¢ent
Sample used. ofsamples s(;.‘m e Remarks.
tested. soluble
in CSa.
Pittsburg:
No. 7 (Rockdale, Tex.)............. e 2 1.20 | No satisfactory briquets made.
No. 8(Lytle,Tex.).....cccovueueeaen.. 3 2.01 | Satisfactory briquets made.
No. 9 (Calvert, Tex.)........ R 4 1.24 | No satisfactory briquets made.
No. 11 (Seranton, N. Dak.).. 4 1.72 | Satisfactory briquets made.
No. 13 (Lel ,N.Dak.).. 13 1.43 | Difficult to briquet.
No. 14 (Ione,Cal.)...................... 7 7.60 | Satisfactory briquets made.
No. 15 (Vau&erwalker, N.Dak.)........ 2 1.08 | No satisfactory briquets made.

The following important conclusions, some of which are indicated
by the table, can be drawn from the results of the briquetting and
the extraction tests described above:

1. Lignites containing less than 1.4 per cent of matter soluble in
carbon bisulphide (calculated to a moisture-free basis) have not been

v
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briquetted with the German machine, nor with any other machine,
without the addition of a binder.

2. Lignites containing 1.4 to 1.5 per cent of matter soluble in
carbon bisulphide are difficult to briquet, and further tests are needed
to determine whether entirely satisfactory briquets can be made from
them with the German machine.

3. The few lignites tested that contained more than 1.5 per cent of
matter soluble in carbon bisulphide were briquetted with the German
machine without binder.

4. The percentage of moisture that the dried lignite must contain
to give satisfactory briquets with the German machine is, within
limits, proportional to the percentage of matter soluble in carbon
bisulphide. Hence, if two lignites have the same ash content the
one that is richer in bitumen may be dried more and will give briquets
of higher heat value (because of the lower moisture content) than
the other.

TESTS TO WHICH BRIQUETS WERE SUBJECTED.

PHYSICAL TESTS.

Samples of the better lots of briquets made were subjected to the
drop test and the tumbler test to determine their cohesive strength
and to show their ability to endure handling.

DROP TEST.

Fifty pounds of briquets were placed in a drop-bottom box, 24
inches square and 12 inches deep inside, that was supported 6 feet
above a concrete floor. The briquets were suddenly dropped on
this floor; then the pieces were gathered up and those that were held
by a 1-inch screen (square holes) were returned to the box and
dropped again. The floor was swept clean before each drop. This
procedure was repeated five times, after which the weight of pieces
that would not pass through the screen was determined. The per-
centage that the weight of these pieces bore to the original weight is
here reported as “ per cent held by 1-inch screen,” and the difference
between this figure and 100 per cent is reported as “ per cent passed

by 1-inch screen.”
TUMBLER TEST.

A weighed quantity of the briquets (as nearly as possible 50
pounds) was placed in a tumbler, a horizontal sheet-steel cylinder,
and rotated 2 minutes at a uniform speed of 28 revolutions per
minute. The contents of the tumbler were then sized by a 1-inch mesh
screen, and the portion that passed through was screened through a
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10-mesh sieve. The weight of the pieces held by each screen was
determined and the “ percentage held ” computed and reported as in
the drop test.

WEATHERING TEST.

To determine the comparative weather-resisting qualities of the
lignite briquets and the samples of lignite from which they were
made, small piles of each lot of satisfactory briquets and lumps of
the raw lignites were exposed to the action of sun, wind, and rain
on the roof of the briquet building from September, 1909, to May,
1910. Plates VI to XI, made from photographs taken at various
intervals up to 286 days, show the different stages of weathering.
The length of time the briquets had been exposed before examination
and the condition of the briquets when examined are stated in the
tabulated results of tests. The key to the conditions designated
A, B, C, D, and E is that stated in Bulletins 332 and 885 of the
United States Geological Survey and is as follows:

A. Briquets practically in same condition as when put out. Surfaces show
no signs of erosion or pitting. Briquets hard, with sharp edges, and fracture
same as that of new briquets.

B. Shape of briquets unchanged. Surfaces of those on top of pile have lost
luster, with evidences of pitting, corners and edges worn off by erosion. All
briquets firm, with fracture practically the same as that of new briquets.

C. Top briquets appear similar to those in condition B, and show signs of
further disintegration, having lost original sharp fracture. Erosion more evi-
dent on all briquets on outside of the pile. Inside briquets still firm, retaining
original characteristics.

D. Top briquets so badly disintegrated that they crumble to pieces on han-
dling. Briquets in center of pile show signs of disintegration ; luster of surfaces
gone, edges soft, and break easily in the hand. Fracture not so sharp as when
newly made, but briquets firm and handled- without breaking.

E. Entire pile disintegrated. In many cases the only briquets retaining their
original shape are those protected from the weather. Briquets can not be
handled safely, but crush easily in the hand.

DETAILS OF TESTS.
PITTSBURG No. 7.

A sample shipment, 3 cars, of lignite from the Big Lump Mine, 3}
miles northeast of Rockdale, Milam County, Tex., was designated
Pittsburg No. 7.

House-heating boiler tests Nos. H23, H24, H30, H45, and H46
were made on this fuel, but the larger part of the shipment was used
in preliminary briquetting experiments to adjust the drier, cooler,
and press of the German plant. This lot was the first to arrive at the
testing station, considerable difficulty was experienced in making it
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into briquets and the shipment was exhausted before satisfactory re-
sults were obtained. It is hoped that further tests of this lignite
may be made under more favorable conditions.

The following proximate analyses show the changes in composi-
tion of the sample during transportation from the mine to the plant,
a period of 29 days, and after storage at the plant for 17 and 38 days,
respectively.

Proximate analyses of lignite from Rockdale, Tex.

Plant samples.
Mine Car
sample. | sample. | Aeter17 | After 38

days. days.
Date taken. ... ..o Feb. 1| Mar. 1| Mar. 18| Apr. 8
Laboratory No..... 7270 7350 7433 7554
Air-drying loss..... .- - 31. 50 25. 10 25. 70 25. 30
Moisture........ do.... 35.30 33.38 31.72 30.98
Volatile matter. 26. 22 27. 44 26. 81 29.04
Fixed carbon... 29. 58 29. 62 31.97 30. 41
Ash......o.o.... 8.90 9. 56 9. 50 9. 57
Sulphur................. et .76 .94 .91 .92
Heatvalue... ... ... i it B.t.u.. 6,898 7,189 7,423 7,301

Mr. Lehmann, the representative of the German company that
furnished the lignite-briquetting plant, remained at Pittsburg until
the plant was in good working condition. The tests of the first
sample of lignite were therefore under his direction. Most of these
tests were preliminary and it was impossible to obtain a complete
record of them, so only a general statement of conditions and results
can be given.

The briquet material in the various tests contained different pro-
portions of water, ranging from 2.3 to 11.2 per cent, and different
pressures, from very light to the heaviest possible, were applied to it.
From some of the tests the briquets were poorly formed, rough, and
scaly, but were fairly strong; from other tests the briquets were well
formed but weak.

Only one cohesion (drop) test was made on the briquets obtained,
because most of the tests gave only pieces of briquets. The results
of this test were as follows: Held by 1-inch screen, 24 per cent;
through 1-inch screen, 76 per cent.

The best briquets were made by using material that contained 11.2
per cent moisture and applying a rather light pressure. The results
seemed to show that for best results with the German machine the
ground and dried lignite should contain between 8 and 12 per cent
moisture, and the pressure used should be moderate, about that
obtained by using a set of dies so ground that in a length of about
80 mm. the decrease in height would be 3 to 4 mm.
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As a general conclusion, it may be said that this lignite is deficient
in natural binding material, and although it can be briquetted with-
out artificial binder on a machine of the type used, such a machine
did not make briquets of satisfactory form and strength from it.
To determine the best conditions for briquetting, further tests are
needed. It is probable that the lignite will make entirely satis-
factory briquets if an artificial binder and a different type of press
- are used.

PITTSBURG No. 8.

A sample shipment, 2 cars, of 3-inch lump lignite from the Carr
mine No. 3, 2 miles southwest of Lytle, Medina County, Tex., was
designated Pittsburg No. 8.

This lignite had a dark-brown color. It weathered very rapidly,
exposure to a single rainstorm causing lumps to crack in all direc-
tions. After it had been wet and dried a few times the sample
crumbled entirely to slack.

Gas-producer test 180 and briquetting tests 293, 295, and 296 were
made on this fuel, and several preliminary briquetting tests for ad-
justing the press.

The changes in composition of the lignite during transportation
from the mines to the plant (25 days), and during storage (42 days)
at the plant till used, for one of the last tests, are shown by the fol-
lowing proximate analyses:

Proximate analyses of lignite from Lytle, Tex.

Sample

Mine Car as used

sample. | sample. | on last

test.

Date taken 5| Mar. 2| Apr. 1
Laboratory No.... 7330 7461 7584
Air-drying loss. ... - 24.20 26.30 19.40
Moisture............. ..do.... 32.92 30.77 28.00
Volatile combustible ...do.... 27.42 27.36 27.50
Fixed carbon..................... 27.08 28.39 32.30
) | D 12.58 13.48 12.20
Sulphur... ...l do.... 1.46 1.62 1.60
Heatvalue.................... ...B. t. u.. 6,840 7,079 7,580

Several preliminary tests were made under the direction of Mr.
Lehmann. In the first of these, with a steam pressure of 5 pounds in
the drier, the percentage of moisture in the fuel was reduced from 30
per cent to 11.2 per cent. A rather low pressure in the molds pro-
duced well-formed but weak briquets.

Material containing 10 per cent moisture, and subjected to a high
pressure, furnished briquets that had poor form and rough surfaces,
but were much stronger than those made in the first test. The rough-
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ness of surface was largely caused by steam (generated while the
briquet was being formed under high pressure) that blew out around
the sides of each briquet just before it left the mold. The dust blown
out by the steam was disagreeable to breathe and at times formed
clouds which darkened the whole room.

In the next test, material containing 8.4 per cent moisture was sub-
jected to a high pressure. The briquets were better formed and
smoother than in the previous test and were the strongest yet made
from the lignite.

In the fourth test the material contained 6 per cent moisture, but
the same high pressure was used. The briquets were still better, being
well formed and strong. Another test, with the material containing
only 3.6 per cent moisture, gave the best briquet obtained from this
fuel. However, with this low moisture content the mold pressure
was too great for the press, and after an hour’s run the main
bearing of the connecting rod became so hot that the press had to be
stopped.

The following table summarizes the essential data of the tests made
with this sample of lignite:

Summary of tests.

Moist: Character of briquets.
Moisture | pregsure in
Test No. in briquet| Remarks.
material.| 101
: Form. Strength.

Pressure insufficient.
.| Briquets rough.

Better than previous lot.
Best lot.

Material too dry.
Material too fine.

In the first official test (298) the material contained 8.7 per cent
moisture and a high pressure was applied. About 61 per cent of the
material that reached the press was coarser than ;5 inch, but practi-
cally all of this 61 per cent passed through a screen with }-inch
meshes. The results indicate that it is well to have the material as
evenly sized as possible and without much dust. If the propor-
tion of dust is excessive, the material does not bind well and
blows out of the mold when pressed. Even sizing is also desirable
because it permits even drying. The writer believes that this
fuel should be crushed so that it will all pass through a }-inch
screen, and yet about 60 per cent of it will be retained on a g%-inch
screen.
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In tests 295 and 296 the dies were set to give a very high pressure.
In test 295 the briquet material contained 7.7 per cent moisture and
was probably too dry; it did not bind but fell from the press in the
form of powder, accompanied by clouds of dust.

In test 296 the dried material had 12.2 per cent moisture. The
material probably contained too much dust, for the briquets crum-
bled easily and were not strong enough to handle.

Plates VI to XI show how the briquets from tests 293 and 296
withstood exposure to the weather.

This lignite was made into excellent briquets without the addi-
tion of any binder. The moisture content of the dried material should
be between 8 and 10 per cent if a moderate pressure is used, but only
about 5 per cent, or even less, if an extremely high pressure is used.
For best results the writer recommends that the material be pul-
verized so that about 60 per cent of the particles are between } inch
and % inch in diameter, that it go to the press containing 10 per cent
moisture, and that the briquetting pressure be 20,000 pounds per
square inch.

The best briquets made from this fuel had strength enough to stand
handling. They took the shape of the mold well, their edges were
firm, and they had jet-black, lustrous surfaces. Such briquets should
make a satisfactory steam or household fuel. No steaming tests were
made on either the raw or briquetted lignite. The ash content (about
17 per cent) of the briquets is considerably higher than that of good
quality bituminous coal.

Briquetting this lignite should improve its heat value 30 to 40
per cent by reducing the percentage of moisture. On the assumption
that in briquetting the uncombined moisture is reduced from 30 per
cent to 10 per cent, 1 ton (2,000 pounds) of raw fuel will make
1,600 pounds of briquets, or 2,500 pounds of raw fuel will make 1
ton of briquets. The raw fuel has a heat value of 6,800 B. t. u. per
pound and the briquetted fuel has a heat value of 9,300 B. t. u.;
therefore the fuel value of the briquets is 37 per cent higher than
that of the raw fuel. Moreover, the briquets have the following
additional advantages over raw fuel:

(@) Being of uniform size, they burn more freely and give off less
smoke, a decided merit when used as a household fuel in a residence
district.

(b) The briquets resist the effects of the weather much better than
the raw fuel, and therefore can be stored for a longer time without
serious deterioration. The briquets are not, however, much more
waterproof than the raw fuel, and should be stored under cover;
there they will remain in perfect condition for several months at
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least, while the raw fuel under similar conditions will disintegrate
rapidly.

(¢) The cost of transporting the briquetted fuel should be only
80 per cent of the cost of transporting enough raw fuel to furnish
the same heat value.

Briquetting tests.

Test 293. | Test 295. | Test 296.
Size as shipped. .......ooiii i e .13’ lump. |4’ lump.
Size as used:
Over }inch. .. . oiiii e .- 3 0.5 0.5
Ysinch to }inch. ... do.... 18.0 18.0
75 inch to #s inch 28.5 28 5
% inch to J5inch. .. ..do.... 3 21.0 21.0
Through g Inch. ... 1111 5] 320 32,0
Detalls of manufacture:
Machine used. ... ..........oooii i . |German. | German.
Bri%uettiné temperature . . .. 0 94 101
Binderused............... . None. None.
Tangent of die angle §6§ Isﬁ
Steam pressureondrier............ ... .ol pounds. . 13 15 11
Wei§ht of—
uel briquetted. ......... ... oo iiieii.o. do....| 11,440 None. 4,840
Briquets, average. .. ... ... ... .. iiiiiiiiiiiiieniaaaa do.... 0.9 foacenaann.. 0.7
Heat value per pound:
Fuelasreceived. ... ... .. oo, B.t.u.. 7,580 7,395 {eoennni..
- 9,448 ... ....... 9,223
8.73 7.68 12.17
44. (2) ®
LT O
L1 P, ®)
..do.... (12 T PR
Fines through 10-mesh sieve e £ N PR
Weather test:
Time exposed when examined................................. days.. [ 0 P
Condition when examined............. . ...l 0
@ No briquets.
b Briquets too weak for cohesion test.
PROXIMATE ANALYSES OF BRIQUETS.
Laboratory No. . ... 7,583
Moisture. . ... . 8.07
Volatile matte; 37.31
Fixed carbon. 35.87
Ash........ 18.75
Sulphur. ...l . 1.97

PITTSBURG No. 9.

A sample shipment, 3 cars, of $-inch lump lignite from the Calvert
mine, 6 miles west of Calvert, Robertson County, Tex., was desig-
nated Pittsburg No. 9.

Gas-producer tests 181 and 182, house-heating boiler tests H41
and H43, and briquet tests 297, 820, 321, 823, 327, and 328 were made
on the raw lignite.
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The following proximate analyses show the changes in composition
of this lignite during transportation from the mine to the plant, a
period of 26 days, and in storage at the plant for 81 days until used
for the last test. The last column gives an average of 6 analyses
made on different dates.

Proximate analyses of lignite from near Calvert, Tex.

Sample
Mine Car as used

sample. | sample. | on last
test. samples.

Average
of 6

Datetaken. ... .. oot Mar. 6| Apr. 1| June 21 |..........
Laboratory No f 7,513 ,950 | oeeaan..
Air-drying loss...... .- 29. 30 25. 40 12.10 13.17
Moisture ........ ....do.... 34.33 29. 62 23. 50 24.01
Volatile matter 25.94 27. 60 29.07 29.75
Fixed carbon ................... 30.93 29. 37 35.74 34.74
Ash............. .d 8.80 13.41 11.69 11. 50
Sulphur...... ...l .95 .98 .82 .91
Heatvalue ... B.t.u.. 7,214 7,040 8,089 8,021

Test 297 did not yield any briquets. Apparently the pressure in
the mold was excessive; there may have been too little moisture in
the material or the die angle may have been too great.

In test 320 a high pressure was used. The briquets were poorly
formed and too weak to handle. The moisture content of the ma-
terial was evidently too high for the pressure used. Much dust was
blown out around the sides of each briquet.

In test 321 the same pressure was used, but the material was still
too moist and no satisfactory briquets were obtained. The briquets
made had poor forms and were too weak to handle.

The material was drier in test 323 than in tests 297, 320, and 321,
and contained only 3 per cent moisture when it reached the machine.
It was also finer. This material, however, stalled the press. After
several attempts to operate the machine the test was stopped and the
material remaining in the hopper was thrown away.

In test 327 the material was dried less than in test 323, and con-
tained 4.6 per cent moisture when it reached the machine. The dies
were changed so as to give less pressure. The briquets obtained were
better than those made in test 323, but although they had good form
they lacked strength, and crumbled when handled.

In the next test (828) the percentage of moisture in the briquet
material was raised to 6.4 per cent with beneficial results. The same
pressure was used as in test 327. The briquets were the best so far
obtained, but they were not strong enough to handle. The test was
not completed, however, for a strong steel brace having a cross section
of 3 by 5% inches snapped without warning and put the press out
of commission until another brace could be forged. The tests were
suspended before other pressures could be tried.
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Following is a summary of the most important features of the tests
on this sample of lignite:

Summary of tests.

Moisture Character of briquets.
Test |in briquet] Pressure in Remarks.
No. | 'material mold.
* Form. Strength.
Per cent.
327.. 4.6 Too much moisture.
328. . 6.4 .| Better than test 327.
297. . 7.0 .| Too much pressure.
323.. 3.0 Stalled machine; too little moisture
and too much pressure.
321.. 6.4 Too much moisture and dust.
320.. 9.47 |.... Do.

It will be seen that the moisture content in the briquet material va-
ried from 3 per cent to 9} per cent. Two different pressures were
used, but, although some of the tests gave briquets of good form, no
briquets were of satisfactory strength.

To yield best results with the German machine, this lignite should
be ground so that all of it will pass a }-inch screen, but about 60 per
cent will be retained by a g5-inch screen, and should be dried till it
contains 10 per cent moisture. The die angle should be small enough
to give a moderate pressure. However, the indications are that this
lignite does not contain enough natural binder to make good briquets
on the German press, and it should be tested with a little artificial
binder on a press similar to the English machine. The writer is
inclined to doubt whether this lignite can be briquetted at all without
the addition of binding material. However, further tests should be
made before a final conclusion is reached.

Briquctting tests.

Test 297. | Test 320. | Test 321. | Test 323. | Test 327. | Test 328.

Size as shipped.......cooiriiiiiiiii s # lump. |3’ lump. {§"’ lump. |3’ lump. |3’ lump. | §"’ lump.
Size as used:

Overtinch................. per cent.. 2.0 3.0 2.5 2.5 2.0 2.0

Yo inch totinch....... ....do.... 18.0 23.0 25.0 30.0 3.5 30.5

o inch to ¢y inch...... ..do.... 30.0 28.0 28.5 28.5 29.0 30.5

inch to 4 inch.. ....do... 27.0 22.5 21.0 20.5 19.5 19.0

hrough #; inch do 23.0 23.5 23.0 18.5 18.0 18.0

Details of manufactu
Machine used.. .

Bri%uettmg temp 9
Binder used.......... None None. None None. None None
Tangent of die angle ... .. A 7 o K
Steam pressure on drier....... pounds. . 10 4 % 1 10 1
Weight of—
'uel briquetted............. do....| None. None. None. None. None. None.
Briquets, average...........do...[ .o oo e e e
Heat value per pound:
Fuel as received.............. B. t. u.. 7,920 7,925 8,114 7,900 8,176 8,089
Briquets......ceeeiiiiiiilll do....|..ooo.i. 9,574 9,929 |.......... 10,028 |..........

Moisture in briquet mixture.....per cent.. 6.98 9. 47 6.40 3.0 4.6 6.4
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PITTSBURG No. 11.

A car of run-of-mine lignite from the Scranton Mine, Scranton,
Bowman County, N. Dak., was designated Pittsburg No. 11. This
lignite had a dark-brown color, almost black, but became somewhat
lighter colored after drying.

Producer-gas test 187 and briquetting tests 312, 317, 318, 319, and
322 were made on the raw lignite. House-heating boiler tests H86
and H87 were made on briquets from briquetting test 322.

The following table shows the changes in composition of this lig-
nite during transportation from the mine to the plant, a period of
38 days, and during storage at the plant until used for the last
briquetting test, a period of 50 days. The last column gives an aver-
age of 5 proximate analyses made on different dates:

Prozimate analyses of raw lignite.

< Sample | Average
sglinfe saglarle used on | of5

ple. Ple. | Jast test. | samples.
Date taken oot Mar. 20 | Apr. 23 | June 12 |..........
Laboratory NO... ... 7499 7677 7942 | oooeean..
Air-drying 108S. .« ..ol per cent. . 36.00 27.50 22.70 20.7
Moisture ........ .do.... 41. 43 38.81 32.30 32.68
Volatile matter..... ....do.... 23. 86 25.48 18.81. 26. 24
Fixed carbon ....... ....do.... 28.45 27.29 40.71 33.45
1 - do.... 6.26 8.42 8.18 7.62
113031 UG | I do.... .74 .97 .85 .93
Heat Valle. . . oeeeeeee e eeeeeeeee s B.t. u.. 6,241 6,347 7,160 7,243

Test 812, of material dried till it held 10.6 per cent moisture, fur-
nished some fairly strong briquets during the latter half of the run
when conditions had become constant. The shape of these briquets
was good, their surfaces were smooth, and their edges were sharp.
They could be handled without too much breakage. The best briquets
were made by running the machine at moderate speed, about 60 revo-
lutions per minute.

Test 317, in which the material was dried until it contained 11
per cent moisture, and the pressure was heavier than in test 312,
failed to produce satisfactory briquets. Those formed were too weak
to handle, and crumbled to pieces soon after leaving the mold. The
chemical analysis reported was made on the broken briquets.

Test 318, in which the material contained 11.7 per cent moisture
and the pressure was the same as in test 317, furnished some fair
briquets during the latter part of the run, but they were not strong
enough to handle. As in test 317, pieces of briquets were analyzed.

Test 319, in which the material contained 15 per cent moisture,
produced excellent briquets; they had smooth surfaces, sharp edges,
and were strong enough to bear handling.
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The conditions during test 322 differed from those during test 319
only in the moisture content of the material. The briquets were
strong and well formed, with smooth, polished surfaces.

Plates VI to XI show how briquets from tests 312, 319, and 322
withstood exposure to the weather.

This lignite was made into good briquets without the use of a
binder. Satisfactory briquets can be made by drying the ground
lignite till it contains 11 per cent moisture, and better briquets can
be made if the moisture content is about 15 per cent. The indica-
tions are that material containing more than 15 per cent moisture can
be worked on this press and will probably furnish stronger briquets
than any mentioned in this report. Unfortunately the control of the
drier at the Pittsburg plant did not permit the material, if dried
at all, to contain more than 15 per cent moisture. This defect can be
remedied, however, by changing the proportions or the speed of the
drier.

Data relating to the test made with this lignite are summarized
in the table appended.

Briquetting tests.

Test Test Test Test Test
312. 317. 318. 319. 322.
Sizeasshipped............. ... ... r.oom.| r.o.m.| r.oom.| r.oom.| r.o.m.
Size as used: .
Overtinch........................... per cent.. 2.00 3.00 1.00 3.00 1.50
1y inch to } inch... e do.... 21.00 29.50 17.50 32.00 29.00
2 inch to {5 inch. .. ...do.... 28.00 25.00 32.50 29.50 29.00
ﬁg inch to g, inch... ...do.... 26.00 16.50 22.00 16. 50 20.00
hrough J5inch. .. ..do.... 23.00 26. 60 27.00 19. 00 20.50
Details of manufacture:
Machine used.. .| German. | German. | German. | German. | German.
Briquetting tem 103 98 101 99 1
’lgmder ?S(; e o None. None. None. None. None.
angent of die angle.. .. 7
Steam pressure on drier................ pounds. . fg % ‘?g ‘IZ !71
Weight of—
uel briquetted....................... do....| 4,383 a None. | 2,000 4,000 6,300
Briquets, average..................... do.... 1.00 |.oeoenn... 1.00 1.03 1.07
Heat value per :
Fuelasreceived........................ B.t.u..| 7,265 7,270 7,510 7,034 7,160
Briquets.................. do.... 9,434 9,470 9,189 9,184 9,445
Moisture in briquet mixture per cent. . 10. 60 11.06 11.73 14.96 12.60
Dro%test (1-inch screen):
eld.... 44 34
56 66
37
57 63
i 56 59
Weather test:
Time exposed when examined............ days.. [i1: 70 N PR, 66 66
Condition when examined....................... ) O PO E D
a The few briquets made fell to pieces when handled.
PROXIMATE ANALYSES OF BRIQUETS.
Laboratory No. ... iiii it 7807 7886 7893 7901 7944
Moisture.......... 10.76 10.70 12.09 12.48 11.93
Volatile matter... . 38.97 38.95 38.11 38.92 36.87

Fixed carbon ...do.... 40.94 40.69 39.68 39.47 41.37
Ash........... 9.33 9.66 10.12 9.13 9.8
Sulphur...... ... . 1.22 1.20 1.27 1.20 1.21
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PITTSBURG No. 13.

This sample consisted of 1 car of run-of-mine lignite from the
Lehigh mine, Stark County, N. Dak. It was used in making gas-
producer test 184, and briquetting tests 294, 298, 299, 300, 301, 302,
303, 304, 305, 306, and 307.

The following table shows the changes in composition of this fuel
during transportation from the mine to the plant, a period of 12 days,
and during storage at the plant until used for the last briquet test,
a period of 30 days. The last column is an average of 8 proximate
analyses of samples used on different dates.

Proximate analyses of raw lignite.

Sample as| Average
Mine Car  hsedon | of8

sample. | sample. | joqi st | samples.

Datetaken.......ooooiiiiiii e Mar.29 | Apr.10 | May10}..........

Laboratory No 7537 53 7752

Air-drying loss
isture

Mo
Volatile matter ..

Fixed carbon................ ... . .......... 27.67 28.03 29.38 29,

Ash . 6.89 6.85 7.23 7.32
Sulphur ... LI . .68 .62 .91 .90
Heat value..... ... . i iiiiiiiiiiiiieain B.t.u.. 6,079 6,246 6,327 6,579

The ground and dried lignite used in test 294 contained 11 per
cent moisture. It made well-formed briquets that had rather brittle
edges and cracked sides. They were strong enough to endure careful
handling and were the strongest lot made from this fuel.

In tests 298, 299, 300, 301, 302, 303, and 304 the moisture content
and the pressure were varied in an endeavor to get the best con-
ditions, but the few briquets made were too weak to handle and
were not kept. .

Tn test 305 the material contained about 15 per cent moisture;
some of the briquets were strong enough to endure careful handling,
but they were softer than those from test 294 and crumbled more
easily. Apparently the material was too coarse and contained too
much moisture. The briquets were, however, a great improvement
over those from tests 298 to 304, inclusive.

Tests 306 produced some fairly good briquets, there being little
choice between the lot and those from test 305. Apparently the
moisture content of the dried material was too high. The briquets
crumbled easily and when struck gave a dull sound instead of the
sharp, metallic ring of good briquets. The briquets from tests 805
and 306 were mixed in storage, and the cohesion tests were made
from a mixed sample.

The briquets made by test 307 had better forms than those from
any other test on this fuel, but were not so strong as those from
tests 294, 305, or 306.

33342°—Bull. 14—12——3
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This lignite can be made into briquets but further tests are desirable
to determine the best conditions. Fine grinding is a requisite.
About 10 to 12 per cent moisture in the material seems desirable
and a heavy pressure is necessary. The proportion of natural binder
in the lignite being rather low, briquets made without adding arti-
ficial binder are likely to be weak. Probably the use of a small
proportion, perhaps 2 to 4 per cent, of artificial binder and a different
type of press would give better briquets.

Summary of briquetting tests.

Test 294. . | Test 301.
Size as shipped ... cocoiiiiiiii i I. 0. m. I. 0.
Size as used:
Overiinch.... ...o.ooooiiiiiiiaiioll per cent. . 0.0 0.5
Yeinchtodinch.........o.oooiiiiiiils do.... 27.7 12.0
dyinch todsinch. .. . ... il do.... 40.0 - 28.5
inch togginch. .. .ooooiiiiiiiiiiiiis do.... 22.3 27.0
hrough Asinch....... ...l do.... 10.0 32.0
Details of manufacture:
Machine used German. German
Briquetting temperature °F.. 90
Binder used -...| None. None.
Tangent of die angle...... s 3§ Ex)
Steam pressure on drier................ pounds. . 20 15
Weight of—
Fuel briquetted.................. ... do.... 2,840 o None.
Briquets, average..................... do.... (U875 PR DRI R
Heat value per pound:
Fuel as received 6,311 6,653
Briquets............. L2 L O
Moisture in briquet mixture 11.13 9.19

1-inch screen):

. | Test 307.

Test 302.
Size asshipped.......cocooiiiiiiiiiil r.o.m.
Size as usedI:)
Over }inch................. per cen 0.5
fsinchto finch............. ... do.... 18.0
gginchto dsinch........... ... do.... 24.0
ﬁ‘? inch togyinch................ do.... 26.0
hrough sinch................ do.... 31.5
Details of manufacture:
Machineused............ooiiiiin. German.
Briquetting temperature. °F.. 78
Binder used............ . None,
Tangent of die angle.................. e
Steam pressure on drier...... pounds. . 10
‘Weight of—
uel briquetted............. do.... b 500
Briquet, average. ........... [ 16 S
Heat value per pound:
Fuel as received B.t.u 6,586
Briquets....... .do. 9, 504
Moisture in briquet 9.81

. | German.
85

r.0.m.

0.8
21.5

22.5
23.0

a The few briquets made were too weak to handle.
b Briquets were scrapped, as they were too weak to handle,
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PROXIMATE ANALYSES OF BRIQUETS.

Test | Test | Test | Test | Test | Test | Test | Test
204, 301. 302. 303. 304. 305. 306. 307.

Laboratory No.... 7611 7702 7703 7719 7723 7726 7755 7751
Moisture.......... ..| 8.56 8.30 | 10.87 | 10.26 | 10.18 | 12.10 | 11.41 10.29
Volatile matter . ....| 37.51| 37.00 | 36.83| 38.79 | 37.82| 35.00 | 36.52 37.14
Fixed carbon.. co..do....| 41.23| 42.80 | 42.71 | 42.35 | 43.00 | 44.10 | 42.55 43.93
Ash. ...l .e..| 12,70 | 11.90 9.59 8.60 9.00 8.80 9.52 8.64
Sulphur...................o. el 2,24 1.90 1.58 1.12 1.21 1.35 1.40 1.02

PITTSBURG No. 14.

A sample lot, 3 cars, of run-of-mine lignite from the Ione mine,
at Tone, Amador County, Cal., was designated Pittsburg No. 14.

Briquetting tests 308, 309, 310, 311, 313, 314, 315, and 329 were
made on it. Gas-producer test 185 and house-heating boiler test H90
were made on the raw lignite, and gas-producer test 188 and house-
heating boiler tests H88 and H89 were made on the briquets.

When received at the plant this lignite was light brown in color.
The pieces could be easily polished by rubbing and had a peculiar
waxy feel, like that of soapstone. It was evident from a casual in-
spection that the lignite was rich in binding material. The results
of subsequent tests and analyses confirmed this fact.

The following table shows the changes in composition of this fuel
after storage at the plant for 68 days, until used for the last briquet
test. The last column gives the average of proximate analyses of
8 samples used for tests on different dates. No mine sample was taken.

Prozimate analyses of raw lignite.

Average
of 8

test. samples.

Datetaken. .. ...t i Apr.22. | June 29. |..........
Laboratory NO. ¢« ..ottt et et 7621 19 f.oeeen....
Air-drying loss Per cent. . 32.3 22.7 26.09
Moisture......... ...do..... 39. 46 27.97 34.52
Volatile matter... do..... 34.54 33.84

Fixed carbon..

SR Tldollll 13.49 | 1483 13.02
Sulphur, .. oLl Cldo.llll 97 1.58 1.08
Heat Value. e eunennn et B.t.u.. 6,080 7,546 6,764

In the first test (308) of this sample of lignite, the press worked
much more easily than in the tests of Texas and North Dakota lig-
nites. The dried material contained about 9.75 per cent moisture and
the dies were set to give a high pressure. The briquets had rough
surfaces, especially at the edges, but were of good shape. The co-
hesion test showed them to be stronger than the briquets made from
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any other lignite, in fact they were surpassed in strength only by
those made from the same lignite in test 329.

In test 309 the briquets were of excellent shape as they left the
press, but on slight handling most of them broke in two along a
shearing plane that extended diagonally from one long edge to an-
other. Investigation indicated that this weakness resulted from the
material being too dry to flow perfectly in the mold.

In the next test (310) the moisture content of the briquet mixture
was 1 per cent higher (8} per cent) and the shearing was prac-
tically eliminated, although there were still some signs of it. On
account of this defect none of the briquets from tests 309 and 310
were saved; the pieces were scrapped, and no cohesion tests were
made. »

Test 311 was made to see if weathering injured the briquetting
qualities of this lignite. The material used had been spread on the
ground back of the briquet building for 22 days and had become fine
slack. In comparison with the car sample the only change shown
by proximate analysis was a smaller percentage of moisture. Ap-
parently the weathering did not affect the briquetting qualities at all,
for the test produced briquets having good shapes and surfaces and
satisfactory strength.

In test 313 the moisture in the briquet material was a little over
9 per cent, and a set of dies, ground to give a very heavy pressure,
was used. The briquets were the weakest of any made from this
lignite. Their lack of strength may have resulted in part from the
dies being new, since dies work better after being polished by use.

Tests 314 and 815 were made to determine if better briquets could
be obtained by passing the undried material through a screen having
{s-inch openings. The undried material for test 314 was not screened,
but that for 315 was screened. With the same steam pressure in the
drier, the dried material contained 14.6 per cent moisture in test 314
and only 10.18 per cent in test 315. The two lots of briquets had
satisfactory strength, but both the drop and tumbler tests showed
that the screened material made the stronger briquets, the gain in
strength being 12 per cent by the drop test and 26 per cent by the
tumbler test. The two lots, however, did not differ much in gen-
eral appearance, both being well formed and smooth.

Test 329 furnished the best lot of briquets made from this lignite.
There was 10 per cent moisture in the briquet material; the pressure
used was high, but lower than in tests 313, 314, and 315. The briquets
had well-polished surfaces, and were the strongest made from any
of the lignites named in this report. A “cohesive strength” of 71
per cent was shown by the drop test and 68 per cent by the tumbler
test.
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This lignite briquets very easily, since it contains more than enough
natural binder. Weathering to slack does not reduce its briquetting
properties appreciably. Excellent briquets were made with the
German press by drying the ground lignite till it contains from 8%
to 15 per cent moisture. The best briquets will be obtained when the
material is ground so that all of it passes a 1-inch screen and 40 per
cent passes a gy-inch screen, when it contains 10 to 12 per cent mois-
ture, and when it is subjected to a moderately high pressure. An ex-
tremely high pressure does not give the best results and increases
the cost of briquetting. The right pressure can be had by using a set
of dies so ground that the tangent of the die angle is .

The following is a summary of the principal features of the tests
on this sample:

Summary of tests.

Moisture Character of briquets.
Test in Pressure in
No. | briquet mold. Remarks.
material. Form. Strength.
Per cent.
308 ..| Sides slightly cracked.
309 Sheared diagonally.
310 ..| No shearing evident.
311 ..| Material too dry.
313 Do.
314 R
315 5 JRPPRc [+ TR P« [+ S,
329 10.00 | High.......... Excellent..... Excellent. ....

In laboratory experiments a mixture of this lignite with 25 and
with 50 per cent of a Pittsburg coal made excellent briquets, and fur-
thers tests should be made with the mixture on the German machine.
Patents have been granted for utilizing the natural binder of certain
lignites to briquet mixtures of these lignites with bituminous coal
slack, and thus produce a fuel superior to either constituent without
using artificial binder. Anthracite screenings can be used in place
of the bituminous slack, and the substitution of such screenings would
lessen the production of smoke in stoves or under boilers.

Preliminary results from gas-producer tests of raw and briquetted
samples of this lignite showed that the consumption of fuel, as fired
per hour per brake horsepower developed, was 4.06 pounds for the
raw lignite and only 2.84 pounds for the briquets. The relative effi-
" ciency of the raw and the briquetted lignite as boiler fuel was roughly
shown by house-heating boiler tests H88, H89, and H90. Each pound
of raw lignite evaporated 2.82 pounds of water from and at 212° F.,
and each pound of briquets evaporated 3.23 pounds.

The briquets resisted weathering well ; samples showed little change

after exposure for several months to autumn and winter weather (see
Pls. VI to XI).
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Briquetting tests.

Test | Test | Test | Test | Test | Test | Test | Test
309.

308. 310. 311. 313. 314. 315. 329.
Size as shipped .....ccovoieiil.. r.o.m. [r.o.m. [r.o.m. |r.o.m. |[T.o.m. |r.o.m. |r.0.m. |T. 0.1,
Size as used:

Over tinch............ per cent.. 2.0 3.5 2.0 2.0 6.5 10.0 5.0 3.0
—,lqincﬁto}inch.. do....| 185 21.0 18.5 18.5 29.0 33.0 29.0 29.0
o inch to 14 inch do....] 3L0 33.0 29.0 32.5 23.0 21.5 23.5 26.0
,:‘6 inch to #yinch.......... do....| 23.5 24.0 24.5 22.5 17.5 14.5 18.5 18.0
hrough gy inch........... do.... 25.0 18.5 26.0 24.5 24.0 21.0 24.0 24.0

Details of manufacture:
Machine used

Binder use
Tangent of die ang|
Steam pressure on di
Weight of—
uel briquetted....... do....| 6,875 1a1,790 | 2,457 | 3,407 | 2,915 13,937 | 8,304 9,000
Briquets, average...... do....] 0.8 0.85 0.90 0.86 [.ccuunnn 105 1.02 0.92
Heat value per pound:
Fuel asreceived......... B.t.u..{ 6,422 | 6,829 ! 6,556 | 7,090 6,545 | 6,545 6,491 7,546
BriquetS...oveeoiiiaao... do....| 9,227 (10,138 | 9,704 | 9,734 | 9,360 | 8,942 9,131 9,187
Moisture in briquet mixture,
percent.. ..o, 9.74 7.78 8.51 7.68 9.14 | 14.61| 10.13 10. 00
Drogltest, 1-inch screen:
eld. ...l per cent..| 68 a) |eeeen... 52 28.00 | 50 62 71
Passed...eeaicnniiiiiia. do....| 32 éa ........ 48 72.00 | 50 38 29
Tumbler test, 1-inch screen:
Held. ..ol do....| 68 @) foeeeen.. 48 fiee..... 38 64 68
Passed..ceeeociiiiioii do....| 32 a) feeeen... 52 |eeeeennn 62 36 32
Fines through 10-mesh sieve,
PEreenNt.eeeeeieneaencanaanan. 63.5 @) Jeeeeen-- 65.5 [........ 40 45.5 58.5
Weather test:
Time exposed when exam- .
ned ...... ...l days. . 66 .ceeeneiennnnnn 66 66 66 66 66
Condition when examined ... ... Ao eeeaaas A B A A A
a Briquets scrapped on account of diagonal cracks in them.
PROXIMATE ANALYSES OF BRIQUETS.
Laboratory No Per cent..| 7774 7757 7773 7775 7846 7861 7864 8018
Moisture....... do....| 9.07 6. 66 7.85 7.34 9.17 | 12.66 | 10.40 9,82
Volatile matter do 46.53 | 43.99 | 47.53 | 49.04 | 46.28 | 44.95 | 46.60 46.48
Fixed carbon.. do. 25.01 | 32.80 | 27.01 | 25.97 | 26.75| 24.59 | 25.31 24.54
Ash........... ...do....| 19.39 | 16.55| 17.61 | 17.65| 17.80 | 17.80 | 17.69 19.16
Sulphur..............oooo.l. do....| 1. 1.70 1.56 1.51 1.48 1.24 1.47 |,

TESTS ON THE LADLEY PRESS.

The briquetting section had an opportunity to make tests of this
lignite with the Ladley briquetting press of the Indianapolis Pressed
Fuel Co., Indianapolis, Ind. The press is of the rotary plunger
type and has two rows of molds, 108 molds in each row, arranged in
the heavy rim of a wheel. The machine exerts a pressure of 5,000
to 6,000 pounds per square inch. The construction of the press is
shown by the views in Plate VI. The lignite was dried in the Schulz
drier at the Pittsburg plant until it contained 6.79 per cent moisture
and was then shipped to Indianapolis.

The tests were made as follows: Enough of the dried material to
make two or three briquets was heated in an iron pail. One mold was
filled as full as possible by hand; the material was then packed in
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the mold with a round bar and a sledge hammer, and the mold was
again filled and tamped. Then the machine was started and the
briquet was formed and ejected.

METHOD OF HEATING THE MOLDS.

Hot molds were needed for these tests, but, although the molds on
this machine had steam jackets, the steam piping was disconnected to
keep any water that might be pocketed in the rim from freezing, so
it was necessary to heat the molds in another way. In the first test
a red-hot iron was put in a mold for some time. In the other tests a
gasoline torch, which gave a more even heat, was used.

METHOD OF HEATING LIGNITE.

In tests 1, 4, 5, 6,7, 8, and 9 each pailful of the material was heated
by dry steam from the nozzle of a hose, the steam being taken from
the dome of the boiler. The steam escaping from the nozzle was
slightly superheated, and although the loss of heat from radiation was
relatively large, the lignite could be heated to a temperature of
208° F. The length of the heating was from one to two and a half
minutes; the temperatures obtained were from 194° to 208° F. In
tests 2, 3, and 10 the material was heated over a forge fire before
pressing.

SHAPE AND WEIGHT OF BRIQUETS.

The briquets had a cylindrical shape and were 24 inches in diameter
and 3 inches long. The weight of a briquet varied from 10 to
104 ounces.

The analyses of the briquet material before and after drying, and
of the briquets made from material heated by the two methods de-
scribed, are given in the following table:

Analyses of lignite and briquets.

Material. Briquets.

" | Material | Material
Before After | heated | heated
drying. | drying. | by live | by forge

steam. fire.
Moisture. .. ...oo.oo i Per cent. . 39.46 6.79 13.37 4.47
Volatile combustible. .. ... ... ..ol do..... 29. 50 48.72 44.36 47.43
Fixed carbon. ... ... ... do..... 17.55 23.49 23.48 26.23
)« do..... 13.49 21.00 18.79 21.87
SUIPIUT. . .o do..... .97 1.86 1.54 1.82

Heat value.......ooooiiei i B.t.u.. 6,080 9,126 8,662 9,538
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The principal details of the tests are summarized as follows:

Details of tests 1 to 10 on the Ladley press.

Heating of material.
Test
No. Time of | Temperature Quality of Remarks,
Method used. heatin of material be- briquets
8- | fore pressing. obtained.
Min., °F.
1 | Steam jet...... (a) (V] Poor; too soft | Mold too cold.
and dusty.
2 | Forge fire...... (a) ®) Poor; too dry. .
31..... do......... (a) 199 | Fair.......... Water added before heating to replace
evaporation.

4 | Steam jet...... (a) Improvement made.
5. do......... (a) Mold too cold.
6..... do......... 13 ..| Satisfactory briquet.

€7 |..... do......... 2 Do.
8..... do......... 2% Do.
9 ..... do......... 1 Do.

10 | Forge fire...... (a) Do.

a Not noted.
b Not taken.

¢ A test, 7A, was made under same conditions as test 7 on the following day.

The briquets made in tests 7 and 10 had a satisfactory appearance,
their surfaces being smooth and hard and their edges sharp and firm.
The briquets from test 7 had fewer surface cracks than those from test
10, although both lots were smooth enough. With steam in the steam
jackets the molds would be hotter and the results might be even better.

The condensation of the steam used for heating the material in test
10 increased the moisture content of the material and of the resulting
briquets. For this reason the briquets from that test had a lower heat
value than those from test 7, in which the material was heated over a
forge fire.

The tests demonstrated that without added binding material at least
one American lignite could be made into good briquets in an Ameri-
can press.

STOVE AND GRATE COMBUSTION TESTS OF BRIQUETS.

OBJECT OF TESTS.

Combustion tests of briquets of this California lignite were made
at Pittsburg, Pa., in a range and in an open heating grate. The ob-
ject of these tests was—

1. To study the behavior of the briquets in the fire and note: (a)
Whether they fell to pieces before they were consumed ; (5) the length
of flame; (¢) the quantity of smoke.

2. To determine the completeness of combustion as shown by the
percentage of combustible matter in the refuse.

TESTS IN A RANGE.

The range used for the test was owned by Mr. Dietz, an employee
of the United States Geological Survey. It had Dockash grates with
openings one-half inch wide, and could burn hard or soft coal. In
the first trial, the attempt was made to burn the briquets under the
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same conditions as the Pittsburg coal regularly used. Some of this
coal was mixed with the briquets, however, and the fire box was filled
so high that proper combustion was impossible. For the next trial,
most of the coal was raked from the fire box, and a fire gradually
built with briquets alone. The results were excellent. It was claimed
that the briquets gave a better fire than the best Pittsburg coal.

Briquets were added at half-hour intervals. The fire did not
require much poking, but it was raised slightly with a slice bar when
it packed too much at the bottom. This slicing did not cause ex-
cessive loss of unburned material through the grate, as was shown by
the results of the test.

In five hours 32 briquets, or 82 pounds of fuel, were burned. The
refuse weighed 8 pounds and was therefore 25 per cent of the fuel
as fired. An analysis of the briquets showed the ash content to be
19.16 per cent.

Analysis of the refuse or “ashes” gave the following results:

Moisture . - 2.52
Combustible matter. - 33. 05
Ash (actual)___ S, 64, 43

Only one-third of the refuse was combustible matter, and since the
refuse was 25 per cent of the fuel fired, the loss of combustible
through the grates was 83.05X25=8.3 per cent of the coal, or 11.5
per cent of the combustible fired. This loss of 8.3 per cent is low
for a kitchen stove, which at best does not burn fuel with high effi-
ciency, and compares favorably with the percentage of loss for good
bituminous coal burned in such a stove.

The proximate analyses of the briquets and of the refuse from the
kitchen-stove and the heating-grate tests compare as follows:

Prozimate analyses of briquets and of refuse from Kitchen-stove and heating-
grate tests.

Refuse from—
Material. Briquets. | gitohen. Heating-

stove grate

test. test.
MoiSture. ... .oeeieeie e per cent. . 9.82 2.52 0.77
Volatilematter......... ..o ... i do.... 46.48 | i feeaeaann
Fixed carbon. ... ... o i, do.... 24.54 |ooiiiiiiiraeaanas
ASh e i do.... 19.16 64,43 72. 60
Sulphur.......... ...do.... ) ¢ PO
Heat value ... ... ... .ol -e....B.tiu.. 9187 |oeeneeiieeeaaans.
Combustible matter............... ... .. ... ... .....per cent.. 71.02 33.05 26. 63

TESTS IN A HEATING GRATE.

Through the courtesy of the quartermaster’s office, the author
obtained the use of a heating grate in one of the vacant buildings on
the arsenal grounds at Pittsburg, Pa., for testing the combustion of
the briquets in a heating grate. The grate was 24 inches wide, 9
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inches deep at the center, and slightly less at the sides. The grate
bars were of cast iron. The bottom bars ran from the back to the
front and were spaced 1 inch apart.

A fire was started in the grate with paper and a little wood, upon
which were placed 25 pounds of briquets, or enough to fill the grate
to the top.

A thermometer was hung on the outside of the building and
another on the wall of the room about 4 feet in front of and to one
side of the fire and about 2 feet above the level of the grate.

The temperatures taken were not expected to furnish data of
interest. The main object of the tests was to note the combustion
of the briquets and whether the economic results obtained were better
than from tests under steam boilers.

Observations on grate test.

Temperature. Weight
Time. of fuel as
Outside. | Inside. | fired:

° F. °F. Pounds.
L 2 ¢ S 37 51 25
. 37 55 20
36 67 20
34 a 65 35
31 64 0
30 60 0
29 55 0

@ Drop of temperature caused by opening an outside door.

No fuel was added to the fire after 12 noon. At 5 p. m., after
burning five hours without attention, the fire was practically burned
out.

The table shows that in seven and one-half hours 100 pounds of
briquets were fired, giving 24 pounds or 24 per cent of refuse.

After the briquets were well ignited they burned freely—in fact,
too freely for heating a room in moderate weather—but after they
had burned an hour and a half the ash partly closed the open
spaces between the grate bars and the fire became about right for
moderately cold weather.

The briquets burned with a bright yellow flame, much cleaner
than the smoky flame from some bituminous coals, and the chimney
showed only a slight yellowish smoke even directly after firing
fresh fuel. The fire was unpleasantly hot to the face at a distance of
8 feet. No unpleasant odor could be detected in the room, though
the gases from burning lignite have a characteristic odor and irritate
the eyes and nose.

The combustible in the refuse was only 26.63 per cent, and as
there was 24 per cent of refuse, the loss of fuel through the grate
bars was approximately 6 per cent of the total fuel fired. This
loss is no greater than from a coking coal burned under the same
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conditions. The loss through the grate of the kitchen range was
approximately 8 per cent, or 2 per cent more than through the fire-
place grate. The latter grate had wider spaces between the grate
bars, but the fire in it did not need raking, while some raking of the
kitchen range grate was necessary.

The loss in both grates, however, was less than anticipated. The
lignite used is noncoking and one would naturally expect from it
a larger loss of unburned material through the grate than from a

coking coal.
CONCLUSIONS.

From the observed results of these combustion tests the following
conclusions may be drawn:

The briquets ignite readily, make a hot fire, and burn freely until
consumed. '

Little shaking or poking of the fire is needed to obtain maximum
efficiency from the fuel.

The loss of unburned fuel through the grates, 6 to 8 per cent,
is not excessive and could be reduced by using step grates, or grates
with narrower spaces between the bars.

A grate measuring 8 by 24 inches is big enough for heatmg a
large room with these briquets.

Under the test conditions little smoke was made; this smoke was
light yellow and would not be offensive in residential districts.

The briquets should prove a satisfactory domestic fuel, and if they
can be produced cheaply enough should compete with other fuels for
steam productlon

PITTSBURG No. 15.

A sample consisting of one car of 3-inch lump lignite from the
McClure mine, Vanderwalker, Ward County, N. Dak., was desig-
nated Pittsburg No. 15.

Briquetting tests 324, 325, 326, and 330 were made on it, but no
gas-producer or steaming tests.

The changes in composition of the fuel during transportation from
the mine to the plant, a period of 14 days, and during storage at the
plant for 73 days, are shown below. The figures in the last column
represent an average of 3 analyses made on different dates.

Prozimate analyses of raw-fuel lignite.

Sample

Mine Car as used At";tgge

sample. | sample. oge;%?t samples
B D E: N7 21 ) W Apr. 3| Apr. 17 | June 29 |..........
Laboratory No.. ... it 7587 7631 8020 |..........
Air-drying 108S. ... oo per cent. . 28.90 25.60 18.30 15.83
MOISTUT® 4 eeeeeeeeit it e et ceeaaeecaa e do.... 36.64 34.30 29.09 27.94
Volatilematter oo do.... 22.64 23.10 27.13 27.12
Fixed Carbom eeeuenrenie i iiiiiii i e icaiaaaan do.... 30.74 29.93 34.88 34.99
7 X £ S do.... 9.98 13.67 8.90 9.95
L1110 00 PP do.... .45 .52 .56 .54
Heat value. .......ooiiiii ittt aee e aaaean B.t.u.. 6,394 6,284 7,385 7,364
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Dried lignite containing 7.4 per cent moisture was used for tests
324 and 325. In test 324 a set of dies, used in test 323, gave the
heaviest pressure the machine would stand. The material stalled the
machine, the end of a stamp broke, and no briquets were made. An-
other set of dies giving less pressure was used for test 325 on the
same lot of material. The material would not work satisfactorily,
however, with this set of dies, and after several attempts the test was
stopped and the rest of the lignite in the hopper was thrown away.

The next lot of ground lignite, dried to contain 10.8 per cent mois-
ture, was used for test 826. No briquets were made and the material
came out of the press in a loose form. The lignite evidently lacked
binding properties, a defect that was confirmed by extraction tests
made later. Another test (330) was made on a lot of material dried
to contain 11.6 per cent moisture, but no briquets were formed.
Similar results were obtained on tests 826 and 830. No further tests
could be made on this lignite at the time.

The lignite evidently does not contain enough binding material to
give briquets on the German press. Without doubt it can be suc-
cessfully briquetted by adding a binder and using a press made to
wopk with a binder. It is desirable to make further tests of this
lignite, first on the laboratory hand press and afterwards on the
English machine belonging to the Bureau of Mines.

Briquetting tests.

Test 324. | Test 325. | Test 326. | Test 330.
Sizeas shipped.....cooeiinoi e 3" lump. | 3"’ lump. | 3" lump. | 3" lump.
Size as used: )
Over } inch. 1.5 1.5 2.0 1.0
115 lnc to 28.0 28.0 30.0 30.0
¥ inc 30.0 30.0 29.5 28.0
i}" inch to & inch. ...do.... 20.5 20.5 18.5 19.0
hrough gyinch. ... . ... ..o o il do.... 20.0 20.0 20.0 22.0
Details of manufa.cture
Machineused. . ...... ..o o il German. | German. | German. | German.
Bri uettmg temperature °F.. 93 93 93.6 111
Binder used........... ..| None None. None, None,
Tangent of die angle. .
Steam pressure on driel 4
Weight of —
uel briquetted. ..... ... ... do....| None. None. None. None.
Briquets, average.........ccciiiiiiiiiiiaiiaanaast [ 10 P N PRI PP PP,
Heat value per pound:
Fuelasreceived. ....oooeeiiiininnriiinieinann. B. t. u.. 7,738 7,738 6,970 7,385
Briquets................... [ 1o TR D R PR (R
Moisture in briquet mixture. .* 7.40 7.40 10.80 11.60

GENERAL SUMMARY OF RESULTS.
LIGNITES BRIQUETTED WITHOUT ARTIFICIAL BINDER.

The following were the samples of lignite from which satisfactory
briquets were made on the German press without adding a binder:

Field designation. Situation of mine. Field designation. Situation of mine.

Pittsburg No. 8._..| Lytle, Medina County, Tex. Pittsburg No. 13a..| Lehigh, Stark County, N.
Pittsburg No. 11.. Scranton, Bowman éounty, Dak.
N. Dak. Pittsburg No. 14...{ Tone, Amador County, Cal.

a Difficult to briquet.
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B. BRIQUETS AFTER EXPOSURE FOR 34 DAYS.
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A. BRIQUETS AFTER EXPOSURE FOR 46 DAYS,

B. BRIQUETS AFTER EXPOSURE FOR 56 DAYS.






BUREAU OF MINES BULLETIN NO. 14 PLATE X

A. BRIQUETS AFTER EXPOSURE FOR 66 DAYS.

B. BRIQUETS AFTER EXPOSURE FOR 96 DAYS.
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A. BRIQUETS AFTER EXPOSURE FOR 126 DAYS.

B. BRIQUETS AFTER EXPOSURE FOR 166 DAYS.
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A. BRIQUETS AFTER EXPOSURE FOR 226 DAYS.

B. BRIQUETS AFTER EXPOSURE FOR 286 DAYS.
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Of these samples, that from California was the most easily briquet-
ted; that from Scranton, Bowman County, N. Dak., ranked next;
that from Lytle, Medina County, Tex., ranked third; and that from
Lehigh Mine, Stark County, N. Dak., ranked fourth.

The fact that no satisfactory briquets were made from Pittsburg
Nos. 7, 9, and 15 without a binder does not show that these lignites,
with added binder, will not make good briquets, and further tests
must be made with such binders as coal-tar pitch, water-gas pitch,
sulphite pitch, and some form of starch before a final opinion can be
given as to briquetting qualities.

It is worthy of note that each of the States from which the samples
came—Texas, North Dakota, and California—furnished at least one
sample that made satisfactory briquets without the addition of
artificial binder. This fact is encouraging, since it indicates that
many American lignites may equal German lignites in briquetting
qualities and that some may make better briquets.

VALUE OF EXTRACTION TESTS.

The writer wishes to emphasize the value of an extraction test as
a reliable indicator of the briquetting qualities of any lignite. The
results of extraction tests of the lignites mentioned in this bulletin
bear such close relation to the results of the briquetting tests that the
writer feels warranted in stating that a lignite containing 14 per
cent or more matter soluble in carbon bisulphide can probably be
briquetted on a press of the German type without the aid of artificial
binder.

COST OF BRIQUETS.

The tests described show seemingly that the cost of briquetting
run-of-mine lignites with a German plant would be from $1.35 to
$1.75 per ton, according to the location of the plant.

On the assumptions that the plant costs $56,000; that it is to be
located at the mine; is to run 2 shifts of 10 hours each, or 20 hours per
day; and is to have a capacity of 50 tons of briquets per day of 20
hours, the costs figure out as follows:

COST OF LIGNITE.

In 1907 the average price per ton of lignite at the mine was:¢ In
California, $2.74 ; in Texas, $1.01; and in North Dakota, $1.61. The
average cost of mining coal in the United States® may be taken as
90 per cent of the price at the mine; for the three States named the
average cost of lignite at the mine would then be: Texas, 90 cents per
ton ; North Dakota, $1.45; and California, $2.46.

a Parker, E. W., The production of coal in 1907. U. S. Geological Survey, Mineral

Resources 1908, pp. 100, 157, and 187.
b Finlay, J. R., The cost of mining. 1909, p. 68,
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COST OF MANUFACTURE.

The cost of briquetting may be subdivided as follows:
1. Labor for 2 shifts of 10 hours each:

1 superintendent, at $3 per day $3.00
2 machine operators, at $2.50 per 10 hours 5.00
8 laborers, at $2 per 10 hours 16. 00

Total labor per day for 50 tons of briquets 24. 00

Labor cost per ton of briquets, 48 cents.
2. Depreciation and maintenance (10 per cent on machinery, 5 per cent on
buildings) per day for 50 tons 16.00
Per ton of briquets, 32 cents.
3. Interest on investment (8 per cent per year on $56,000) per day for
50 tons 15. 00
Per ton of briquets, 30 cents.
4, Power, 12} tons lignite per day, or one-fourth ton lignite per ton of
briquets made, this item varying for different localities.

The fixed charges (items 2 and 3) thus amount to 62 cents per
ton, which, plus the labor charge, 48 cents, equals $1.10 per ton.

In the three States named the items of labor, fixed charges, and
power (at mines) would show these totals:

Texas:
Labor and fixed charges $1.10
One-fourth ton lignite for power, at 90 cents per ton________________ .23
Total ______ — 1.33
North Dakota :
Labor and fixed charges e 1.10
One-fourth ton lignite for power, at $1.45 per ton___________________ .36
Total 1.46
California :
Labor and fixed charges -~ 1.10
One-fourth ton lignite for power, at $2.46 per ton__________________ .62
Total 1.72
TOTAL COST.

On the basis of the figures given, the cost per ton of briquets at
the mine would be as follows:

Texas:
1.32 tons lignite (33 per cent moisture) for 1 ton briquets___.______ $1.18
Briquetting costs_________________ 1.33
Total . _____________ : 2.51
North Dakota :
1.43 tons lignite (40 per cent moisture) for 1 ton briquets_______.__ 2.07
Briquetting costs ____________ S 1. 46

Total 3.53




COST OF BRIQUETTING. 47

California :
1.43 tons lignite (40 per cent moisture) for 1 ton briquets_—__________ $3.52
Briquetting costs 1.72
Total _ 5.24

To recapitulate, the cost per ton of briquets, loaded on cars, from
a briquet plant at the mine would be, in Texas, $2.51; in North
Dakota, $3.53; and in California, $5.24.

It must be borne in mind that these figures are only approximate
and are subject to wide changes because of local conditions. They
apply to briquetting run-of-mine lignite to improve its heat value
and weather-resisting properties rather than to briquetting slack or
waste coal. Since the tests have shown that at least some lignites
slacked by exposure to the weather can be made into excellent
briquets, it may be possible to utilize lignite slack as well as bitu-
minous slack and anthracite screenings for briquetting, the two
latter materials having been made into briquets on a commercial scale
both in this country and abroad.

Nystrom ¢ gives the labor cost of briquetting lignite for plants
with one press, 45.4 cents per ton; two,_presses, 40 cents; three presses,
36.4 cents; four presses, 31 cents; five presses, 27.3 cents; and six
presses, 22.3 cents per ton. He further states that “As the wages in
Canada are higher [than in Germany] this cost [of labor in a plant
with one press] is assumed to be 60 cents per ton.” He estimates the
depreciation as 5 per cent per year and the maintenance as 3 per cent
and the cost of a complete plant with one press and a yearly capacity
of 13,000 tons as $75,000. Therefore his estimate of the charges for
depreciation and maintenance is 8 per cent of $75,000, or $6,000 per
year, 46 cents per ton. Hence the cost of labor and fixed charges,
according to his estimate, is about $1.06 per ton, which agrees very
closely with the writer’s estimate of $1.10 per ton.

In a consular report? the cost per long ton of briquetting lignite
in Germany is stated as follows:

Cost of manufacture of lignite briquets.

United States

Description. currency.

From lignite taken from the open working under good conditions, with water contents of
about 46 per cent:

In large briguet factories. ... ..oioii i iieeieeieeececaeaeaaneaan $1.14-$1.29
In small briquet factories......... ..o i i 1.19- 1.38
From lignite taken from the open working, with water contents of more than 46 per cent,
in large briquet factories. ... .o . i ciieieicecneenean 1.38- 1.62
From lignite taken from the deep working, with water contents up to 46 per cent:
In large briquet factories. ... oo .o i i i iiicieieiiaeeaaas 1.31- 1.62
In small briquet factories. .. .oooeo oo i eiiieieeeaeaanas 1.62- 1.74
From lignite taken from the deep working, with water contents of more than 46 per cent,
in large briquet factories.. ... .. .. i iieiiiieiecaeeaaan 1.66- 1.86

e Nystrom, E., Peat and lignite; their manufacture and uses in Europc: Bulletin of
Canada Department of Mines, Mines Branch, 1908, p. 147,
b Special Consular Reports, No. 26, 1903, p. 107,
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In the case of materials containing from 15 to 18 per cent water, for which
a drying process is not necessary, the cost of manufacture is naturally consid-
erably lower.

As the cost of labor is at least 25 per cent higher in the United
States than it is in Germany, and as the cost of fuel is higher also,
the above figures are too low for American practice, though they are
useful for comparison.

Robert Schorr,® referring to the German lignite industry, states:

The raw brown coal costs from 22 to 31 cents per metric ton (2,204 pounds)-
at the works. The fixed charges, allowing 7 per cent for depreciation and 5 per
cent for interest upon the total investment, amounts to about $1.80 per metric
ton of briquets. The wholesale price f. 0. b. works ranges from $16 to $23
per carload of 10 tons. The labor item rarely exceeds 24 cents per metric ton
(2,204 pounds) in small (one or two press) installations. All other manufactur-
ing items, exclusive of fuel and fixed charges, are fully covered by from 8 to 11
cents per ton. In view of the relatively small output of these expensive presses,
and in view also of the elaborate character of German briquetting works, the
fixed charges (depreciation and interest) are high. The largest brown-coal
company owns 20 briquetting plants with 52 presses. There are a number of
other concerns operating from 8 to 42 presses. Only a few factories employ less
than 4 machines.

ADVANTAGES OF BRIQUETS COMPARED WITH RAW LIGNITE.
HEATING VALUE.

The following table shows how the heating value of lignite is
increased by the removal of moisture during briquetting:

Improvement of heat value by briquetting.

Moisture. Heat value, per pound.
Source. Field designation. I I ,b . R Raw i
n raw n bri- e- aw lig- :
lignite. | quets. | moved. nite. Briquets.| Increase.
Percent.| Percent.| Percent.| B.t.u. | B.t.u. | Percent.
Texas......cooeeuunen Pittsburg No. 8... 33.0 9.0 24, 6,840 9,336 36.5
North Dakota........ Pittsburg No. 11.. 40.0 12.0 28.0 6,241 9,354 50.0
Do.ceenenlL Pittsburg No. 13.. 42.0 10.0 32.0 6,079 9,355 54.0
California............ Pittsburg No. 14.. 40.0 10.0 30.0 6,080 9,264 52.4

Of the four samples of raw lignite named in the table, the three
containing about 40 per cent of moisture had a fuel value of 6,079
to 6,241 B. t. u., while the Texas lignite, with a moisture content of
33 per cent, had a fuel value of 6,840 B."t. u. The percentage of
moisture removed in the process of briquetting ranged from 24 to 32
per cent, and the heat value of the briquets was 36.5 to 54 per cent
higher than that of the raw lignites.

Excessive moisture in fuel not only causes a waste of useful heat
during combustion, because the moisture is vaporized and the vapor

@ Schorr, Robert, Lignite briquetting in Germany; Eng. and Min. Jour., vol. 85, 1908,
pp. 460461,
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superheated, but also is a source of expense to the consumer, who
pays freight charges on useless water. For both these reasons
lignite briquets have the advantage over raw lignite. In the case of
one of the North Dakota lignites the removal of 32 per cent of
moisture during briquetting permits a decided lessening of the cost
of supplying a consumer with a given number of heat units. The
advantage of the briquets in this respect is of especial importance
when transportation to a distant market is involved. If the briquets
possessed no other advantage over raw lignite than their higher heat
value, they would be worth 50 per cent more than the raw fuel. The
table shows that the heat value of the briquets was about 9,300 B. t. u.,
although the lignites came from three States and their fuel values
varied considerably.

RESISTANCE TO WEATHERING.

The results of the weathering tests indicate that the lignite briquets
resist weathering much better than the raw fuel. Some samples of
briquets after exposure to autumn and winter weather for four
months were in nearly as good condition as at first. Samples stored
under cover did not show any signs of deterioration after six months,
although the raw lignite stored under the same conditions turned
to slack in two months.

RESISTANCE TO HANDLING.

The briquets bear handling better than the raw lignite. Their
superiority is, of course, more striking after the lignite and the
briquets made from it have been stored for several weeks.

EFFICIENCY AS FUEL.

Preliminary results of producer gas and steaming tests indicate
that as gas-producer fuel the briquets were 43 per cent more efficient,
and as boiler fuel were 14.5 per cent more efficient than the raw
lignite.

LIGNITE-BRIQUET MANUFACTURE IN GERMANY.

The following description of lignite briquet manufacture in Ger-
many,® though written several years ago, is reprinted here for the
information it gives.

It has been repeatedly stated that the outward cleanliness of Berlin and
other German cities is principally due to the general consumption of brown-
coal briquets for household and steam fuel; further, that they are made from
ordinary German lignite without the use of tar or other artificial binder; that
they are compact to store, clean to handle, easy to kindle, burn with a clear,

e From Briquets as fuel in foreign countries; Special Consular Reports, No. 26, 1903,
p. 93.

33342°—Bull. 14—12—4
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strong flame, are cheaper than good bituminous coal, and are made practically
smokeless. Lignite varies in its value and adaptability for briquetting pur-
poses according to its geologic age, hardness, and the percentage of water
contained. A lignite with less than 30 per cent of water is very difficult to
work by the usual processes, and it is for this reason that Austria-Hungary,
which has an abundance of very old and hard brown coal that contains from
26 to 28 per cent of moisture, has practically no supply of briquets from that
source. German lignite, on the other hand, is of much more recent formation;
it contains from 46 to 52 per cent of water, and is usually so soft that it cah
be cut with a spade. Many lignite beds in this country are filled with logs and
pieces of wood, so well preserved in the matrix of partially carbonized
material that they burn readily and form a cheap and abundant fuel for steam
and other heating at the briquet factories. The part played by the water con-
tained in lignite forms the key to the whole economic briquetting process.
The crude brown coal is brought from the mine, crushed and pulverized, and
then run through a large revolving tubular cylinder, heated by exhaust steam
from the driving engine, and hung on an inclined plane so that the powdered
material runs downward through the tubes by gravity and is carried into the
machine press that stamps it into briquets. During this passage through the
cylinder it is dried and heated until there remains the right proportion of
moisture, combined with the proper temperature to develop the latent bitumen
in the lignite and make the powdered mass plastic and easy to mold under
heavy pressure between heated iron jaws into a hard, clean briquet, with a
glistening surface and sufficient firmness of structure to stand weather, trans-
portation, and other contingencies. To do this perfectly and economically, the
natural lignite should contain, as it comes from the mine, approximately
enough water so that heating to the proper temperature for pressing will
evaporate out just sufficient water to leave it at the proper degree of moisture.
The ideal proportion is about 45 per cent of water, so that German lignite con-
tains rather too much, while Austrian contains much too little, though this latter
difficulty has lately been partially overcome by steaming. The important question
to be now decided is how American lignite will fulfill these requirements.

During the past six weeks samples of lignite from near Bismarck, N. Dak., and
from Troy, Ala., have been received at this consulate, turned over to the syn-
dicate mentioned in the last report, and molded experimentally into briquets with
entire success. The Dakota lignite is old and hard, contains 38 per cent of
water, but crushes and pulverizes easily, and forms without binder briquets of
firm structure, which burn readily, are practically smokeless, and leave only 4
per cent of ash, while the best German brown-coal briquets yield from 9 to 12
per cent of inorganic residue. The percentage of water contained is rather low,
but by adapting the heating-drying process to that proportion of moisture this
obstacle, such as it is, can be easily met, and the reduced task of evaporation
will be an economy in the general process.

The Alabama lignite, on the other hand, is an ideal material, and from the
one sample submitted is conceded here to be even superior to the standard brown
coals of Germany. It contains the direct percentage of moisture, crushes easily,
and molds readily into firm, shining, black briquets, so clean that, as one of the
experts at Magdeburg said, “ They might be used for paper weights.”

The importance of these simple demonstrations will be inferred from the fact
that, according to a recent State geological report, there are 55,000 square miles
of lignite beds in the Dakotas and Montana, all near the surface of the ground,
and ranging in thickness from 20 to 80 feet. The extent of the lignite deposits
in the Gulf States is perhaps less exactly known, but they certainly cover a large
area. There is also lignite in Missouri, Iowa, and several other Western States
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and Territories, and it is from all those hitherto practically neglected deposits
that an inexhaustible future supply of smokeless domestic fuel will be derived.

It will therefore be of interest to state concisely what constitutes a first-class,
up-to-date lignite-briquet factory in Germany, where the industry has reached,
after many years’ experience, its highest development. A typical example is the
factory at Lauchhammer, about 80 miles south of Berlin, on the direct line to
Dresden. This establishment, which'is of the latest and most approved construc-
tion, has eight presses, with the necessary pulverizing, heating, and drying plant,
run by electric motors, with current generated by steam evaporated with wood
from the mines, the whole under handsome, substantial buildings of brick, stone,
and iron, and cost, with tracks, switches, and full equipment for handling raw
material and loading the briquets into cars, $371,000, of which $178,500 was paid
for machinery. Each press weighs 32 metric tons and stamps out 100 to 200
briquets per minute, or 70 tons in a double-turn day’s work of 20 hours. The
heating and drying apparatus for each press weighs 18 tons. The power required
for each press and drier is 125 horsepower, and both the driers and jaws
of the press, between which the briquets are squeezed at enormous pressure,
are heated by exhaust steam from the Corliss engine in the power house, the
whole supply for the eight machines being equivalent to about 150 horsepower.

Thus equipped the plant at Lauchhammer turns out from 500 to 600 tons of
briquets per day, which sell on cars at the factory for from 7 to 9 marks ($1.66
to $2.14), according to season and market, with an average of 8 marks ($1.90)
per 1,000 kilograms, or metric ton of 2,204 pounds. Profits depend on the
usual varying conditions, location, management, demands, etc., but it is com-
mon to read in the Berlin papers official notices announcing dividends of brown-
coal briquet companies ranging from 15 to 20 per cent of their capital.



SULPHITE PITCH :‘AS A BINDER.
GENERAL STATEMENT.

In the development of the briquetting industry many patents have
been obtained for binding materials, but only a few binders have been
found practicable for commercial use. Among these may be men-
tioned coal tar, coal-tar pitch, water-gas pitch, and asphalt pitch.

A new binding material called “sulphite liquor” also has been
suggested for briquetting, but more recently a product called “ sul-
phite pitch,” obtained from this sulphite liquor, has attracted con-
siderable attention and apparently possesses valuable properties as
a binder. Hence a brief description of this new material is here
given. :

SULPHITE LIQUOR.

In the sulphite process of preparing pulp for paper making the
wood is boiled under pressure with sulphurous acid, or, more com-
monly, with acid sulphite of calcium and magnesium. The action of
sulphurous acid under pressure and at a high temperature upon the
lignin and other incrusting matters of the wood fiber is probably a
hydrolysis; that is, the complex molecules of the lignin, etc., are
broken down and the resulting products, largely organic acids and
aldehydes, become soluble in the liquor.

The waste liquors are light brown in color and contain much matter
extracted from the wood. Until recently they had no commercial
value and their proper disposal was often a serious matter; they
polluted streams into which they were emptied, and under certain
conditions killed the fish in these streams. It has been suggested they
may furnish materials for making oxalic or pyroligneous acids, or
alcohol, and investigations have been carried on to devise methods of
utilizing them.

SULPHITE PITCH.

Several patents have been obtained in this country and abroad for
converting the waste liquors into fertilizers, adhesive material, or
other commercial products, but the most promising way of utilizing
them at present seems to be by making a concentrated product known
as “sulphite liquor,” or a solid form known as “sulphite pitch”
or “cell pitch ” (selpech).
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The method of preparing sulphite liquor or cell pitch from the
waste lyes, according to W. Sembritski, manager of the Walsum Paper
Mills, on the Rhine, is as described below :

At the Walsum factory the evaporation of waste sulphite liquors
to a solid pitch, which is used for briquetting blast-furnace dust,
promises to develop into a profitable industry. The liquors have a
specific gravity of 1.05 and an acidity, calculated as sulphur dioxide,
of 0.32 per cent. The thick sirup, density 35° B., from the evaporators
has the following composition: Water, 28.88 per cent; insoluble mat-
ter, 13.96 per cent; extract, 57.16 per cent; tanning matters, 22.96
per cent; nontannins, 34.24 per cent. The solid cell pitch contains:
Water, 13.76 per cent; soluble extract, 86.60; tanning matters, 31.84
per cent; nontannins, 54.76 per cent. The nontannins of the sirup
consist of organic matter, 24.76 per cent; mineral matter, 9.44 per
cent. The nontannins of the cell pitch consist of organic matter,
36.08 per cent ; mineral matter, 18.68 per cent.

If the evaporators are made of iron, it is necessary to neutralize
the acidity of the liquor with lime before concentration, and the
incrustation of the tubes with calcium compounds is somewhat
troublesome. If copper evaporators are used, the liquors may be
concentrated in their acid state. If the concentrated liquor is to be
used for briquetting flue dust, the author thinks that neutralization
with lime is essential to the proper working of the briquets in the
blast furnace. If, on the other hand, the concentrated liquors are
intended for tanning purposes, neutralization is a drawback, as the
calcium compounds make the leather brittle.

The success of the Walsum experiments is attributed in large part
to the sextuple-effect Kestner evaporator used. Each effect has a
heating surface of 55 square meters; the first vessel is heated with
steam at 3 to 4 atmospheres and the boiling point in the last effect is
50° C. The liquor requires about three hours to reach a concentration
of 85° B. The sirup is converted into solid pitch by two steam-
heated drums which dip below its surface. The first drum concen-
trates the sirup from 35° B. to 60° B.; the second converts it into a
solid film, which is removed with a scraper. Ten kilograms of waste
lye yield 1 kilogram of dry substance. The fuel consumption is
reckoned at 1 ton of coal per ton of pitch. It is stated that a selling
price of $9.50 a ton would show a good profit.

The pitch has the appearance of black opaque resin, but is quite
soluble in water. It is used as a binder for fuel and ore briquets.
By its use the dust from blast furnaces, containing 40 per cent of
iron and hitherto a waste product, has been formed into briquets for
resmelting. Tt has also been used as a dressing for coarse canvas, ete.
Large quantities of the sulphite liquor, having a density of about
35° B., are shipped from Germany to England in iron drums. The
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liquor is used in England as a binder for the sand cores and molds
used in casting, and is sold there at $12.50 a ton.

SULPHITE PITCH IN GERMANY.

In a report, made in 1909, George E. Eager, United States consul
at Barmen, Germany,® discussed the merits 0f sulphite pitch in some
detail. He stated that sulphite pitch possesses many qualities which
make it an excellent binding agent. It is intensely glutinous and its
binding power is high. According to Mr. Eager, in briquetting
bituminous coal from 7 to 10 per cent of coal tar is needed to give
briquets of the proper firmness, but the same results can be obtained
by the use of 5 per cent of sulphite pitch and some kinds of coal or
ore that can be briquetted by using only 2 to 3 per cent of it.

Mr. Eager further says that sulphite pitch burns without smoke
or odor and is an ideal fuel for the household, as well as for indus-
trial purposes. The use of briquets made with this sulphite pitch
will help solve the smoke question in cities. Coke briquets made with
this new binder have been tried in blast furnaces and on torpedo
boats with promising results. QOcean liners, war ships, railway
engines, and factories could all use this fuel to advantage and not
only economize in the amount of fuel necessary, but relieve cities
from the smoke nuisance.

Sulphite pitch, says Mr. Eager, does not soften under heat and
burns at a high temperature. It can be ground to any consistency or
can be produced directly in any form of powder; it can be had in
every country where there are cellulose mills, and it is very cheap.
Anthracite briquets for household use, manufactured with sulphite
pitch, burn without smoke or odor; therefore, they are not only an
excellent substitute for the anthracite nuts, but are even superior to
them.

Regarding other uses of sulphite pitch and its composition, the
report states:

Recent trials to briquet coke gravel and dross, the remainder of coke (hither-
to useless), with tar pitch have proved failures, but the situation changed
immediately as soon as sulphite pitch was used as the binding agent, and the
results show a briquet that can be considered a perfect substitute for coke.
Practical trials of these briquets in both blast and cupola furnaces have shown
that the briquets do not fall to pieces under the highest temperature, but burn
while gradually shrinking. On account of their consistence they enter deeply
into the melting zone of the furnace, thereby naturally contributing materially
to the melting effect. Fine ore, bog-iron ore, brown ore, manganese ore, oxide,
furnace cadmia (iron dust from blast furnaces), and other ores can all be
briquetted by the use of sulphite pitch and successfully melted in the furnace.

All trials of briquetting the above materials with coal-tar pitch have failed, be-
cause the binding agent burned away at a lower temperature, leaving the ma-
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terial in dust as before. With sulphite pitch it is possible to briquet furnace
cadmia so that it can be melted in a blast furnace. This alone means a great
saving to the iron industry.

In general, sulphite pitch consists of the following substances: Fixed carbon;
25 to 35 per cent; volatile matter, 50 to 60 per cent; ash, 8 to 12 per cent; and
water, 10 to 15 per cent.

The latest chemical tests have proved that the percentage of ash ean be
materially reduced. Through the origin of sulphite pitch its ashes contain
sulphur up to 20 per cent, or 2.5 per cent of the sulphite pitch. The sulphur,
however, is tied up to iron and lime, which latter substances are always pres-
ent in abundance, so that the sulphur remains in the ashes and can not do any
damage. It is true that sulphite pitch can be dissolved in water, and that
briquets made from it are not waterproof; but this is of no great importance as
in most cases a waterproof briquet is not needed. The sulphite-pitch briquet
is, however, more waterproof than the lignite briquet, the making of which
has become a flourishing industry. The sulphite briquet is not hygroscopie, and
can be made absolutely waterproof, if it is necessary, by a simple special
treatment,

The production of sulphite pitch, as well as its use in the process
of briquetting, call for special processes and machinery which have
taken years of expensive experiment to successfully develop, and both
the material and its use for briquetting are patented in all the princi-
pal countries.

It is not supposed that sulphite pitch will in any way interfere
with coal-tar pitch in its use for briquetting soft bituminous coals,
but the superiority of sulphite as a binding agent, making possible
the briquetting of harder coals and cokes, also iron dust and other
ores, opens up a new and very important industry.

THE POLLACSEK BRIQUETTING PROCESS.

Richard Moldenke, consulting engineer on coking practice, Bureau
of Mines, furnishes the following information about the Pollacsek
briquetting process:

The Pollacsek briquetting process which employs the waste liquor
of the sulphite paper-making process as the binder has been adopted
by the Hungarian Government for its collieries, and that Government
has erected the machinery for the first plant.

It is estimated that a plant producing 10 tons daily will cost about
$5,000, and that the cost of operation in the United States will not
exceed 60 cents a ton, and may be as low as 40 cents in favored places.

Size of the coal—Fine coal or slack is used, pieces above a quarter
of an inch being crushed. Such crushing is necessary because any
large pieces of coal would be shattered in the molds of the press, and,
since there would be no binder between the shattered fragments, the
briquets would not be strong enough to stand transportation.

The binder.—The inventor has a process in which the waste liquor
of the pulp mills may be reduced to a dry powder for convenience in
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transportation or evaporated to a sirup. Unquestionably the in-
ventor must first neutralize the free acid and separate it by precipita-
tion. In the United States this removal of free acid is, and has been
for several years, accomplished in a commercial way by the use of
lime. The evaporated sulphite liquor has a sirupy consistency and
considering its price and efficiency is the best core binder for foundry
use known to-day.

- It is probable that about the same method of removing free acid
is used in the Pollacsek process; but the evaporation is completed to
make the weight of the product, for cheapness of transportation, as
small as possible. In view of the fact that in making fuel briquets
only 3 to 5 per cent of this binder is used, its cost per ton of coal
briquetted is small. Another point in favor of the process is that by
utilizing the waste liquor, which is given away by the mills, it helps
protect streams from pollution and merits consideration for this
reason alone.

The process—If the binder is a sirup, it is diluted suitably; if
solid pitch, it is dissolved in the proper quantity of water. The fine
coal and the binder are then mixed by a machine. From the mixer
the briquet material passes into a rotary drying kiln, where it is
heated and partly dried. The success of the process depends upon
maintaining the right temperature in this kiln, for the product goes
directly from the kiln to the briquetting press. If the temperature
varies only 10° F. either way from the standard the briquets are not
hard and strong enough to stand transportation, but come out of
the press uncompacted or fall to pieces. Evidently the adjustment
of temperature must be precise.

If the kiln dries the material enough and the temperature in the
kiln is kept at the right point, the coal will stick together when
pressed, but will not adhere to the molds.

Dust from the rotating cylinder, moisture, etc., are drawn off by a
fan. The dust is separated and returned to the mixing machine.

A belt conveyer takes the briquets from the press through a drying
oven. If they are not to be waterproofed the briquets go directly to
the cars for shipment. If they are to be waterproofed another belt
takes the briquets from the drying oven, passes them through an
emulsion of bitumen and water and again through a drying oven,
and delivers them to the cars.

The actual briquetting process, with its mixing and drying, re-
quires the labor of only a few men. One man gives his time to the
drying kiln and the mixer, while another looks after the briquetting
machine and keeps track of the briquets until they go into a car.
The only other labor required is in connection with bringing in the
coal and taking away the cars.
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Since little labor is needed and the cost of binder is small, claims
of great cheapness are made for the process. The fact that informa-
tion was refused pending the taking out of patents may indicate
that there is little about the process to patent. The secrets of the
process are the proper mixing of the coal and binder, the use of a cer-
tain kiln temperature, and the control of this temperature, and,
finally, the weatherproofing of the briquets.

The briquets made by the Pollacsek process are excellent. They
are hard, stand rough handling, and are sufficiently weatherproof
for every purpose. Consequently it is not strange that the Hun-
garian Government has selected this process for use at the Govern-
ment collieries, since it turns out a good product and removes a source
of stream pollution.

A combination of companies making wood pulp and those mining
coals that yield culm or slack might find it advantageous to look into
the process as a means of solving two interesting problems, the dis-
posal of the waste sulphite liquors and the utilization of waste coal.

The briquetting section of the Bureau of Mines is making lab-
oratory tests with this sulphite pitch, the results of which will be
published in a future bulletin.
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