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The increased efficiency obtained by igniting the mixture at the bottom
of the cavity over that resulting from ignition at other points is exactly
what would be expected, and the increase might lave been greater, if
the box could have been made miore rigid at the bottom.

It will also be observed that the efficiency resulting from the use of an
inside cover was about ten times that froin an outside one. The increase
varied considerably with the perfection of fit of the cover and also with
the load, heavier loads showing increased efficiency. Unfortunately all
this power could not usually be measured, as an excessive load almost
invariably resulted in the rupture of the box and cousequent loss of
energy.

To sum up, therefore, it appears from tlie foregoing results that, under
ordinary couditions of explosion and covering, such asight occur in
practice, an efficiency of about one one-hundredth of one per cent. is all
that could be expected, that this efficiency increases with the excellence
of the {it of the covering, with the load on the cover, to be raised, and
also seews to increase if the point of ignition be near the bottom rather
than near the top of the cavity. With an inside cover which has to be
raised through a distance equal to the thickuess of the cover, before vent
is given to the box, tlie efficiency is ahout ten times as great.

The results obtained in the foregoing paper agree well with the exper-
ience whicli one of us, (A. H. G.) and also a colleague, has had in a
series of experiments independently carried out on the large scale. Some
fiftty explosions were made, using boxes buried in the earth and also with

covered pits from 8o to 7000 cubic feet capacity.
Mass, INSTITUTE OF TECHNOLOGY,
Sept. 1906,
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As a result of an investigation of the lignites from the west, north-
west and north, the writer has reached the couclusion from experience
extending over several years that in many respects they differ from bi-
tuminous coal to such an extent as to call for somewhat different meth-
ods of analysis and different interpretation of results. This seems to be
largely due to the difference in composition and more especially to the
large amount of nioisture present. It has been found from analyses of a
large number of samples ranging from the poorest to the best lignites of
the country and from samples fresh from the mines to tliose exposed to
the atmosphere for several months, that the moisture may vary from 6
to 40 per cent. and in a single instance 44.2 per cent. This variation is
due partly to the condition underw hich the lignite exists in the seam and
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partly to the nature of the lignite itself. For instance, the brown lig-
nite of North Dakota contains more moisture than the dark lignite farther
west and north, The writer has never found the freshly mined lignite
of Dakota to run below 30 per cent. of moisture. A sample direct from
the Klondike' region gave only 22 per cent.

Freshly mined lignite loses moisture so rapidly that it is with the
greatest difficulty that accurate determinations are made. As will be
seen from data which follow, loss of moisture is so very rapid that as
high as ten per cent. is frequently lost in the process of preparing the
sample for analysis, unless precautions are taken. This fact is men-
tioned by the Committee on Coal Analyses’ although freshly mined
samples of lignite were probably not examined®.

Loss on exposure to the air continues until an equilbrium is reached.
Thoroughly dried liguite is very hygroscopie, absorbing moisture rapidly
until an equilibrium is reached. This hygroscopicity is likewise char-
acteristic of the lignites, for the increase in weight of thoroughly dried
coal seems to be entirely due to water, there being only slight indications
of the oxidation that is frequently observed in bituminous coals, either
by drying at 104° to 107° or on standing exposed to the air after
drying.

As a practical illustration of the rapid loss of moisture, a sample of
lignite from Dakota left the mine, containing 39.3 per cent. of mioisture.
On arriving at its destination several days later, it contained 28 per cent.,
aloss of 11.3 per cent. during transportation. This loss of moisture
continues more or less rapidly, depending upon the fineness of the coal,
until from 10 to 12 per cent. is reached. At this point, it ceases to lose
more unless the coal is badly ‘‘slaked,” in which case the per cent. of
moisture may drop to between 5 and ¢ per cent. depending upon
the fineness and the nature of the lignite and upon atmospheric conditions.

The Rate of Loss of Moisture on Exposure to the Air.—While the ra-
pidity of the drying of coal is mentioned in the Report of the Committee on
Coal Analysis and in the U. S. Geological Survey Reports and the im-
portance of limited time taken in preparing samples for analysis empha-
sized, detailed results concerning the lignites are at the present time not
complete. In this paper I have recorded some of the peculiar character-
istics of the lignites, incidentally emphasizing the fact that modified
methods of analysis are necessary in order to obtain the best results.

In order to compare results obtained by using different kinds of recep-
1 The sample was thirty-four days in transportation but was packed in a close-
fitting box.
2 This Journal 22, 1119,
% Since this paper was written, a Report of the Coal Testing Plant of the U. S.
Geological Survey Professional Paper No. 48 has been received. In this report Dr.
Hillebrand gives a mass of facts along the same lines covered in this paper.
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tacles, some of these determinations were made in ground stoppered
weigling bottles 50 mm. high and 25 mm. in diameter, sonie in regula-
tion size crucibles and some in flat capsules. In each case the tempera-
ture and relative humidity were noted aud the time taken for pulverizing
was exact to the minute.

Sawmples of Nortlh Dakota lignite direct from the mine were pulverized
requiring different lengths of time for the process, aud the nioisture de-
termined in weighing bottles under exactly the same conditions. Sam-
ples in each case were put througli a No. 100 sieve. The following per .

cents. were obtained:

Time in pulverizing ... vvvnt, I ninute 30 minutes 1 hr. 2 hirs.
MOISLUTE v v ivr cvnenrsnnsans sanens 37.61 34.22 32.43  31.42

The loss of moisture was greater during the first half hour pulverizing,
than during the next liour and a half. That more data might be ob-
tained, many deterninations were made by exposiung coal to the air for
sliort periods of time and determnining accurately the rate of loss. Ex-
periments showed thiat for about ten minutes, the rate of loss per minute
is practically constant ; after that time the rate diminishes, in soine sam-
ples slowly and in others quite rapidly. An examination into this fact
sliowed tliat the rate of loss of moisture in lignite wlen exposed to air
depenuds 1ot upon the tinie of exposure alone but upou the physical con-
ditions of the coal, whether pulverized or in lump ; upoun the temperature
of the air, the relative hummidity and upon the form of receptacles in
which the coal is exposed and upon the amount of sample taken. The
rate of loss was found to be greater in crucibles than in ordinary weigh-
ing bottles and greater in flat capsules than in crucibles. Saniples of 100-
mesh coal containiug 31.17 per ceut. of moisture were exposed to the
atmosphere in a capsule 30 mmi. in diameter and 5 mn. deep, in porce-
lain crucibles and in glass stoppered weighing bottles. Tlie temperature
was 25° and the relative humidity 29. 7The receptacles were arranged
so that the sample could be protected from the air while weighing. In
this, as in otlier experiments, as near two grams as possible was taken.

The following results were obtained :
Rottle Crucible Capsule

Loss after I Minute exposure «....eeieevenrnaney 0.13  0.16  0.196 per cent.
o« 2 ‘. LN 0.26 0.34 0.364
[T 3 X LN 0.39 0.48 0.333 ‘¢ ¢
PRT 4 . i eries eeese e 0.43 0.65 o701 ‘¢ ¢

TR ST e e i 0.37 0.78 0.860 ‘¢ ¢
“g e e 069 0.94 r.o20 ¢
L L e e 0.91 1.10 I.igo ¢
T I LI 1.02 1.24 1.370 “ ¢
g e 1.15 1.38 1.568 ¢«
w1 o S e e e, 1.27 1.56 I.740 ‘¢ ¢
P i 2.00 2.53 281 ¢
“oae v £ N 2.72 3.69 3.84 ¢
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It will be seen that the rates of loss in these cases were very nearly
constant for the first ten minutes. The loss was slightly less during the
next ten minutes, gradually decreasing with time of exposure as indi-
cated in the above tables. Tlie variation in the results with the crucible
is unquestionably due to the fact that it could not be closed perfectly
during the weighing as in the case of the weighing bottles and capsules.
I am, therefore, inclined to recommend weighing bottles in preference to
crucibles for the accurate determination of moisture,.

It is evident from the above data that widely varying results may be
obtained from the same sample of lignite by varying the time of pulveriz-
ing and exposure, preparatory to analysis. In fact, even the preserving
in stoppered bottles does not entirely prevent the loss of moisture. As
an illustration of this fact, a sample of about one pound of lignite con-
taining 39 per cent. of moisture was placed in a large bottle with a glass
stopper and allowed to stand for nine weeks. At the end of that time
an analysis showed only 31 per cent. of muoisture.’

Many samples of different quality and from different localities have
been examined. The following samples, two from Alaska mines and two
from different parts of the Dakota fields have been selected as represent-
ing different grades of lignites:

No. 1. Beaver Hill, Yukon Valley, containing 11.77 per cent. moist-
ure. Fresh from the mine, sample contained 26.8.

No. 2. Klondike, Yukon Valley, containing 10.47 per cent. moisture.
Fresh from mine, sample contained 25.1.

No. 3. XKenmare, North Dakota, six weeks in air, 11.83 per cent.
moisture. Fresh from mine, saniple contained 37.6.

No. 4. Wilton, North Dakota, exposed for a few days, 31.16 per
cent. moisture. Fresh from miue, sample contained 38.20.

The samples were dried in baths arranged with thermometers and a
thermostat so that a constant temperature could be maintained. Toluene
and xylene baths were likewise used in some of these experiments.
Special air and hydrogen baths were constructed with asbestos and glass
walls and a thermostat, so that a temperature varying within one degree
could be maintained.

Loss by Drying Above 107°.—From a gtreat number of determinations
it was found that while lignite loses moisture very rapidly, a tempera-
ture of 104°-7° is apparently not sufficient to remove all of it. In the
following tables the four above mentioned samples were taken. Justfive
minutes in each case were required to pulverize and pass through a zo-
mesh sieve. KExactly 15 minutes more were taken in putting partsof the

! The Com. on Coal Analysis recommended a sealed fruit jar. A ground glass
stopper is never air tight unless lubricated. Editor.
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same samples through a 100-mesh sieve. These samples were dried to

constant weight under exactly the same conditions.
Diied 2 hirs. at

No.1 No. 2 No. 3 No. 4
Fineness Fineness Fineness Fineness

No. 20 No. 100 No. 20 No. 100 No. 20 No. 100 No. 20 No. 100

104-7° 10.94 10.74 10.54 9.41 I1.34 10.61 30.67 30.17
I12-14 I1.91 11.77 I1.59 10.43 12,20 11.82 31.16 31.17
125-6 12.10 11.76 11.70 10.51 12.53 11.83 31.86 31.17
125-6 12,12 11.76 11.76 1048 12.50 11.83 31.87 31.26
loss above 107 1.18 1.02 1.22 1.09 1.16 I.22 1.20 1.1)

I have dried two hours instead of one. In ouly one or two cases has
the second hour’s drying made any difference. In each case I have dried
one hour and weighed, then dried a second hour and reweighed. Tle
per cent. of moisture in the 20-mesh was greater than in the 1oo-mesh
samples. These results may be explained by the difference in the length
of time required iu pulverizing. The 100-mesh samples were exposed
15 minutes longer to the air than the 2o0-mesh samples. Furtherniore,
the 100-1mesh samples lose moisture more rapidly than do the 20-mesh
samples.’

A distinct loss in weight occurred above 107°, Over one per cent. of
loss resulted in the raising of the temperature to 135° Most of the loss
above 107°, however, occurred below 114, although a temperature of
about 135° seemned necessary to obtain constant results. The question
then arose as to what this loss represented, whether due to moisture or
to soue other cause.

Determinations were therefore made on the above samples by heating
at a teniperature of 135° in an atmosphere of hydrogen, and collecting
whatever was driven off by the heat, in calcium chloride tubes. The
loss i the weight of coal was compared with the gain of the weight of
the calcium chloride tube, The apparatus finally adopted as giving best
results consisted of an ordinary sized air bath with glass walls. The
opposite glass ends were removed and replaced by asbestos cards. Holes
were niade in the asbestos cards and a combustion tube about 18 inches
long inserted. One end of the tube was counected with a hydrogen
generator arranged with proper apparatus for purifying and drying the
gas. 'Tlie other end was connected with a weighed calcium chloride tube.
The weighed coal was placed in a boat and inserted in the tube. A slow
but constant stream of hydrogen was passed through the tube. The bath
was then heated to the desired temperature :

The following results were obtained with this apparatus :

No. 1 No. 2 No. 3 No. 4

Loss by drying in
air at 107° C 10.74 9.42 I1.31 30.29
in hydrogen at 135° 11.82 10.69 12.23 31.29
Gain CaCl, Tube 11.80 10.75 12.34 31.35

1 See Report of Coal Testing Plant at St. Louis.
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These results indicate that the loss resulting from drying above 107° is
moisture. There were no indications that anything but water had been
absorbed by the calcium chloride tube,.

Drying in Desiccators,—As stated in the report of the Committee on
Coal Analysis' moisture may be determined in coal when the amount is
less than two per cent., by drying in desiccators over sulphuric acid.
When coal contains more than two per cent. the method is not
satisfactory. In order to test the method on lignites, a number of
determinations were made. ‘These verify the statement of the
Committee. Samples of coal containing a known per cent. of moisture
were dried for five days in a desiccator over sulphuric acid.

The following table will show results obtained :

Loss after 1 day...eooevvnnnns .o 2876 28.22 10.01
LR N 32.69 29.01 10.21
R S 33.12 29.42 10.46
R S RPN 33.29 29.66 10.60
L - S SIS 33.37 30.23 10 65
Total moisture in sample «..ov.eon 34.81 31.65 11.60
Difference..ooevveevirveneinnnnn, 1.44 1.32 .99

It is quite evident that drying in a desiccator over sulphuricacid is not
sufficient to remove all the noisture from lignite.

Drying in Vacuum Destccator.—Determinations of moisture were made
in vacuum desiccators over sulphuric acid and under a diminished pres-
sure of 1o mm. After practically constant results were obtained, samples
were dried in an air bath at 107° and 125°, respectively.

The following table gives the loss in moisture :

No. 1 No. 2 No. 3 No. 4

In vacuo after 1 day .......... 10.60 10.07 11.09 30.64

2 e 11.01 10.34 11.51 30.84

3 eeeeenenes I11.10 10,28 11.38 30.79

4 eeeenenens 11.10 10.31 I1.51 30.84

7 eeereaanen 11.29 10.52 II.51 30.79

MAXIMUM ¢ ovvervienn vineenvnes 11.29 10.52 I1.51 30.84

‘These samples were now placed in an air bath and dried,

Dried at 107%.covvnvrivesnnnnes 10.77 9.81 11.10 30.59

I25%. ceiiiiien i ian 12.10 11.10 12.39 31.41
Difference between 107° and

125% Clvvvnnevnnnnnonnnnnees 1.33 1.26 I.29 0.82
Difference between vacuum and

I125% Clivernernnnnnnnnnnenoen 0.81 0.58 0.88 0.57

In these determinations the same weighing bottles and the same sam-
ples were dried 7% wvacuo and in air. All the vacuum dried samples
gained materially on drying in an air bath at 107° and lost by drying at
125°. The difference between the vacuum dried coal and that dried at

125° is between 0.5 and 0.8 per cent., while the difference between the
1 T'his Journal, 21, 1121,
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coal at 106° and 125° is about one per cent., about the same as that ob-

tained by drying the coal directly in an air-bath at 107° and 125°C.

In order to determine whether or not the loss and gain in the above
tables were due to moisture or to oxidation, the following experiments
showing loss by weight and extending over a period of eighteen months
were carried out :

No.1 No. 2 No. 3 No. 4

Dried in vacuo over H,SO, 2 days 8.13 9.4 10.34 29.01
e ¢ ¢ 10 ¢ 8.74 10.07 11,21 29.39
A ‘ ¢ 30 ¢ §.86 10.10 11.32 29.82
Dried in Hydrogen at 107° 2 hrs, 8.65 9.77 11.05 29.56
¢ Alr G e 7.91 9.08 10.23 24,26

¢ again in Hydrogen at 107° = 8.67 9.71 II.11 29.22

* 1 yearindesiccator over CaCl, 7.01 8.05 g.25 27,28

* in vacuo over H,SO, 6 days 8.70 9.62 I1.23 29.24
‘in Hydrogenin Toluene bath 1 hr, 8.15 9.20 10.70 28.68
e ¢ ‘ o o 3¢ 8.43 .41 10.99 29.02
4 wacuo over H,SO, 12 8.64 9.62 11.09 29,23

o Ee e ¢ ¢ 10 days 8.78 9.83 11.43 29.45

The maximum loss seems to have been reached after drying 3o days in
vacuo over sulphuric acid., Drying two days longer failed to show
further loss. It was expected from past experience that further loss
would take place by drying at 107° in an atmosphere of hydrogen. On
the contrary there was a very slight gain after drying two hours at 107°.
Great care was taken in drying the hydrogen and tlie only explanation
which seems plausible is the short exposure to the air while transferring
to the hydrogen bath and while the air was being driven out of the dry-
ing oven. The increase in weight by drying the air at 107° is of special
interest, In each sample the gain in weight was very marked, the sam-
ples from the extreme north gaining about one per cent., while those
from the Dakota field gained about one and one-lhalf per cent. Fromn the
peculiar hygroscopic nature of dried lignite, this gain in weight was attri-
buted largely if not wholly, to absorption of moisture, and hence if dried
again under exactly the sanie conditions the loss of weiglit ought to be the
sanie as the previous loss. Thisis practically true of the first three
sainples. ‘There was a slight loss in sample No. 4 by drying the second
tinle in hydrogen,

These samiples then stood one year in a desiccator over calcium
chloride. 'The desiccator stood in a dark place and was not opened dur-
ing the year. 'The gain in each case was very marked, being about two
per cent. in each sample. Drying 2z wvacuo over sulphuric acid for six
hours failed to bring the loss quite back to that previously obtained by
dryiug under the sanie conditions. However, after repeated drying in a
hvdrogen toluene bath and again drying {n vacuo over sulphuric acid, the
loss was practically the same as that obtained in the beginnig of the ex-
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periments in two of the samples. In the other two there was a slight
increase in weight.

From these and numerous other experiments it would appear that no
oxidation takes place in the drying of the lignite coal, but that the great
variation observed in drying the lignites is due to hygroscopicity.

Hygroscopicity.—As already stated, lignite loses moisture when exposed
to the air. When the sample is freshly mined the loss is so rapid as to
make weighing extremely difficult in an open vessel. If exposed to the
air for a long time, a point is finally reached at which the moisture may
increase or decrease slightly, depending upon atmospheric conditions, If
the lignite is pulverized, the loss of moisture goes on rapidly until an
equilibrium is reached. The time required is about 5 days, although
most of the moisture is lost during the first 2 days. Finely pulverized
lignite exposed in open capsules will reach an equilibrium frequently in
24 hours. Four samples were placed in the weighing bottles, already
mentioned, and weighed every day until the weights were constant.

The following table gives the results obtained :

No. 1 No. 2 No. 3 No. 4
Sample Beaver Hill Klondike Kenmare Wilton
Total moisture in sample ..o cvvvviin e, 11.41 10.54 11.38 31.56
Per cent. of moisture lost by drying in air
Tday oo iereitiiii ittt 1.00 0.91 0.85 8.62
g 2.62 2.23 2.48 19.59
3 it e it e e s 2,72 2.27 2.44 21.59
T I 3.15 2.63 2.94 23.10
LR S S 3.51 2.98 3.32 23.82
< T 3.51 2.94 3.36 23.97
7 e e s reers 3.60 2.81 3.34 24.22
T 3.30 2.64 3.34 24.07
Lo T PR 3.38 2.60 3.30 24.00
o T S S S 3.28 2.62 3.32 24.06
MaXIMUNT J0SSs e vvveer voveeeviinnns ... 3.8 3.22 4.01 24.34
Moisture in Coal after equilibrium isreached 7.52 7.32 7.50 7.22

These experiments were continued for 100 days, weighing every two
days. During that time the loss never became greater than the above
maximum, and never dropped more than six tenths of one per cent.
below this maximum.

The above equilibria are obtained by subtracting the maximum loss
of moisture from the total moisture present in the coal.

After this point of equilibrium is reached, further exposure to the air
may change the equilibrium slightly, depending, however, upon the
relative humidity of the air. In all these determinations the temperature
and the relative humidity of the air were taken before each weighing.
After the equilibrium had once been established, we wete able to predict
an increase or loss by weight from the temperature and relative humidity
of the air. In most of these determinations the temperature was kept as
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near as possible to 22°, although during the night the minimum ther-
mometer in the room registered as low as 18°. The relative humidity
was carefully watched by wmeans of the polynieter.

Lquilibrium in Dried Coal.—Thoroughly dried lignite absorbs moisture
with avidity, lience it is essential that in the ordinary determination of
moisture, the dried coal should be weighed quickly or the determination
should be made in closed bottles. The dried coal continues to take on
moisture until an equilibrium is reachied. Most of tlie moisture necessary
to the equilibrium is absorbed in a few hours, the last trace liowever, is
taken up very slowly. Many determinations lhave been made to de-
cide whether or not the equilibrium for air-dried coal was the same as
for the bathi-dried coal. These determinations, while not as couclusive
as they miglht be, owing to varying physical conditious, point, however,
to the same equilibritm whether the coal is simply exposed to the air or
dried i an air bath before exposure. As a result of bath-dried experi-
ments, the followmg table will give the equilibria calculated as in the
case of the equilibria obtained from air-dried coal :

No. 1 No, 2 No. 3 No. 4

Total moisture in sample dried at 105-107°. 11.31 10,42 (1,35 31.41
Per cent. of moisture absorbed by the dried

coal after exposure of 1 day........... 2.53 2.06 2.24 3.63

2% e 3.72 2.84 2.75 4.07

3 e 3.65 3. 14 3.50 4.12

1% e 3.80 3.16 3.70 4.09

6 e 4.30 3.69 4.09 4.43

IO ° e e 4.88 1.70 4.63 4.07

Maximmn gailt «veove it i e 41.88 1.70 1.63 4.43

These samples were dried for two liours at 105-7°. The amounts of

moisture absorbed are less thau tlie amounts left m the samples after an
equilibrium has beeu reached in air at the ordinary temperature. These
results can not be comnpared unless we assume that the loss above 107°
represents hygroscopic water. If we assume that the loss above 107 is
due to moisture, then a comparison may be made.

The difference in loss by drying at 107° and 125° is about 1.41 per cent.

Adding this difference to the above percentages of gain by the above
bath-dried samples, the following equilibria are obtained :

. . No. 1 No. 2 No. 3 No. 4
Equilibrium of bath-dried lignite ......... 6.29 6.10 6.03 5.83
¢ ¢ air-dried e 6.82 6.19 6.60 6.27

Numerous experiments have been made on bath-dried samples dried at
different temperatures. In each case, wlether the sample had been dried
at 107° or 135°, the amount of moisture absorbed after an equilibrium
had been reached was from one to two per cent. less than tlie amount of
moisture left in the samples dried in the air until an equilibrium had been
reached. Samples from the Canadian Government are now under con-

sideration.
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