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Utilization of Low Grade and Waste Fuels

Coke Oven and Tar 0il Vustes

In this work the newer methods for concentrating end ubie-
lizing low grade and waste coals, lignite and peat are discussed,
Many of these methods were reported st the International Confer—
ences on Bituminous Coal held at Pittsburgh. The utilization of
westes relative to the coking of coals and the refining oi' coal
tar oils are also discussed. i complete bibliogravhy containing
a large number of ref'erences is included,

WASHING OF COAL

the washing of coal to reduce the ash content is so well
understood that it will not be discussed here. In this way many
high ash coals can be utilized to advautage. :

MECHANICAL STOKERS

The use of various types of mechanical stokers such as the
Coxe rotating stoker for the burning of coke breeze and various
types of low grade and waste coals likewise has been discussed in
detail and need not be discussed here,

PULVERIZED COALS

In recent years the use of pulverized coal as a boiler fuel
and as a fuel for heating furnaces and retorts employed in the
chemical industry, has become very common. Some of the advantages
of pulverized fuel firing over combustion as carried out by means
of mechanical stokersl are as follows:

(1) Higher boiler efficiencies ure said to be possible,

(2) Banked fires and stand by losses can be e¢liminated
since the fuel can be cut off during no load periods,

(3) Préctically all grades of fuel can be readily burned.
(4) The control over the furnace is much more flexible.

The employment of pulverized coal as a fuel allows many low
grade and waste coals to be utilized to advantage. :
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A papcr? giving much intveresting information relative to
the nature and use of pulverized coal wus prescnted at the
Internatiosnal Couference on Bitumiuous Coal, in 1926, In this
paper an electric vibratory pulverizer is described that will
start with 20 mesh und produce 2C0, 300, 500 or even 1,000
mesh material. This extrene fineness is believed by the suthor
to play an important part in the more efficient burning of an-
thracite, semi-bitumincus, bitwilnous coal, and lignites,

This in turn, it is beiieved, will lead to many new uses for
pulverized fuels. It is mentioned in this article thut coal
in a mobile state obeys the luws of liquids. Pulverized coal
can be made to ['low and seek its own level, very much as a
liquid. This condition is brought sbout by heating pulverized
bituminous coul to & point at which vapors are generuted
(either hydrocarbons or chemical wuter), These vuapors form
bubbles around the fine purticles of coal and reduce friction
to such a deprec thet the coal secks a horizontal level, that
is, it flows. It is believed that the ability to treat coal
a5 & liquid rather than u solid, might bring about a great
ehange in the cool ‘industry and in coal technique.

Great economies are elsimedd for pulverized coal in the
firing of annealing furnaces, forge furnaces, puddling, malle-
able iron melting, copper re¢fining and nickel reverberatory
furnaces, '

Trent Process for Utilization of Low Grade Coals.

One of the best known processes for removal of ash and
increasing the heating valuc of low grade coals, is the Trent
process4, This process is said to be based upon three princi-
bles: one, when coal is very finely pulverized, the ash and
clinkers are readily detached from the combustible matter;
two, when pylverized coal is in wuter suspension, the wet
ash particles do not combine with oil; three, particles of wet
eoal when agitated with o given amowt of oil, combine with
the oil to form an oil-coal amalgam which is practicelly
free of both water and ash.

amalgam as the product is known today, is said to be an
agglomeration of small spheres of purified coul particles,
amounting to eighty ner cent, fiftecn per ceunt of oil and
fivelper cent water, For this product many uses ure claimed.
It is suid to be suitable for boiler firing, domestic uses,
gas and coke muking, snd as a raw material for the production
of a smokeless clecn fuel known as Super fuel. This is made
by molding the amalgam and then baking same ot a low tempere=
ture in the presence of a small amount of oxygon, until the
resulting product is hard and clsan. Both bituminous and
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anthracite coal can be employed for this process.,
The process is reported to be essentially as follows:
(1) The coal is pulverized to about 200 mesh,

(2) The pulverized coal is mixed with water, the latter
being about 200 per cent of the former,

(8) ~dd to the mixture a mineral oil to approximately 50
per cent of the coal,

(4) agitate the mixture until the oil and coal agglomerw
ate, most of the water being separated.

(5) scrub the mixture of coal and oil with water to re=-
move the ash.

The Ttilization of Iow Grade Coals in Gas Producers

The Bureau of Mines has conducted a number of investiga=-
tions on the making of producer gas from the poorer grade coals,
The types of gas producers employed includé¢ the suction pro=-
ducer, the up draft pressuré type, the down draft type and the
double zone producer., One type has a revolving grate and auto=
matic feed. A4 continuous producer also has been developed.

A gas producer for granular fuel containing dust has been
developed by Fritz Vinkler.6 To insure complete gasification,
the upper part of the shaft is enlarged and means are prOV1ded
for admitting super=heated steam.

M. Hi Mills7 has utilized slack coal in a Mond producer,
62 cubic feet of gas; 80 pounds of ammonium sulphate and 4
gallons of tar are secured per ‘ton of coal.

Briquetting of Bituminous Coals

The reader is referred to Stillment!s Briquetting (The
Chemical Publishing Co., 1923), and to the various bulletins
of the U. S. Bureau of liines, for details on briquetting of
coals. See nlso the reports of the International Conferences
on Bituminous Coal,

Low Temperature Distillation of Coal
In recent years attention has been directed to the low

temperature distillation of coal. Millions of dollars have
been spent in an attempt to develop a satisfactory process,
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Much of the work hus been carried out in the hopes of success-
fully utilizing high volutile bituminous cowls, slack from
coals of both high and low quality, semi-bituminous coals and
lignite.

The chief object of the low temperature distilletion of
coal is to produce a solid fuel (semi-coke) of a superior
quality to high temperature coke. Th: semi-coke is much
easier to ignite then coke and like the latter, is practically
smokeless. It is desirable that the semi-coke be of sufficient
strength to withstand what handling is necessary for domestic
purposes and that it be in a form that cun be used for pulver=
ized fuel,

The chief by-products (gas and tar) are quite different
from the same products derived from the high temperature dis-
tillation of coal, The tar, in at leust one case” brings a
higher price than high temperature tar. The gas has a much
higher heuting value than high temperature gas and consequently
should bring a better price, .t the plant referred to 2bove,
which is now neuring completion, it is planned to mix the 300
Betous gas with 500 B.t.u. blue gas, the mixture being sold to
a public utility at an advantageous price.

The detuils of the wvarious methods for the low temﬁerature
distillation of coal vary greatly. .ccording to Mueller8 the

processes which have uppeared so far, fall into six groups.
These are as follows:

Group A: Processes Employing Indirect Heating

(1) The coal is carbonized at rest in a batch process.,
: Example - The Coalite Process,

(2) The coal is carbonized at rest in a continuous process.

(8) The coal is carbonized in motion in & continuous
process,

Group B: Process Employing Direct Heating,
(1) The coal is carbonized at rest in a continuous process.

(2) The coal is carbonized while in slow motion by a
continuous process,

(8) The coal is in rather rapid motion during the
carbonization,
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A great meny processes iwhich hoave been proposed for low
terperature distillation of coal apparently have not proven to
be profitable. Three processcs thait sliow some indicatioas of
conmercial success are discusted below. One of these is the
plantd recently completed ut ew Brunswick, New Jersey. This
plant employs the sume retort used by the " K. S. G." plant now
in operation at Kerntp, Germany. This is reported to be one of
the few projects for carbonization of bituminous coal at low
tenperature which has buen cousiste.itly profitable,

The New Brunswicl: plant hes eight of these retorts. They each
have a rated capacity of 80 tons of coal por day. The retorts
operate on slack bituminous (ccking) coul. A single operation
is said to produce lumpy semi-coke.

The retorts . consist of two externsally heated, concentric
drums which are slightly inclired from the horizontal. The drums
are rotated at & prate of aboutbt three-guuarters of a revolubion
per minute. The outer Adrum is 72 fect long and 10 feet ia diasmeter
while the inner one is 85 feet long und 5 1/2 feet in diameter.

The double drum arrsangement has proven advantageous in over-
coming difficulties which are encountered with a coking coul
during its fransition through the pluastic stage. It was found
thtt with a single drum, carbon deposited on the inner walls,

In some casag a teudency developed for the luaps of semi-coke

to become excessively large and cause trouble in the discherge
mechanism, The double drum gresatly reduces these difficulties

by reducing to a minimum the time that the fuel is in a plastic
state. The coal in its passage through the inner drum is dried
and heated to 2 point somewlist below its softening temperature.
It then passes into the upper end of the outer retort where the
temperature is the maxiiaum. Bach particle of coal is at once
hardened with a layer of semi-coke which is not sticky. Conse=
quently, its ssgglomerating properties are greatly reduced. An
additional means tukeu to prevent carbon from depositing on the
walls, consists of the pussage of steam through a series of steam
chests waich are cxtended zlonz the inncr wall of the outer drum
for the upper third of its length. The direction of the steam
is tangential, & screen of steam being continuously interposed
between the coal and the walls of the retort. The adhering carbon
is scruped off,

The raw coal ig fed from the storage bin into the retort by
means of a screw conveyer. It is carried by the helical flenges

.of the inner drum to the upper end of same where it drops through
open ports into the outer drum. The coal slowly passes through the
outer drum. On reuching the lower end, it is picked up &s semi=
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coke, by scoops aud carried to tie discharge gate. About two
hours is required for curbonizetion.

The retort is heuted by nroducer gus which is from the semji-
coke firzs. T[lhe gas is generated in e central plant., Each
retort hds dn independeut heating system. The gas, vhen burned
in a combustioi clhiamber where gas aud wir are admitted in the
exact combining ratio, produces u temperature of about 2500°F,
A circulating faa removes part of the flue gas from the base of
the stack and mixes it with some : of the hot gases frow the com-
bustion chamber and forces it into the first pass at the lower
end of the retort settiug. Here a temperature of about 12C0°F
is maintuined. ' The mixed ges is forced by means of baffles +o
take a helical course around the retort.

Another method for low temperature carbounization of conl
which is of considersble interestlO consists of the application
of' the Huyes process to & higl volatile bituminous coal slack.
The purpose of the plant employing this process was to produce
a domestic fuel from the coal slack., The lathter is first car=
bonized at low temperature and then briguetted.

The coal slack is carbonized in a horizontal externally
" heated, rotary retort, which is operated continuously and has a
definite plan for the transportation of the slack through the
retort., Seven retorts are hested by a single furnace, Each
retort is heated within individual heating chambers, the opera-
tion of each retort being independent of the others,

The retorts ure made from a special alloy, and are 20 feot
long and 17 inches inside diameter. The specd of rotation of the
retorts is one and one-half revolutions per minute. A screw con-
veyer of & special coustruction propells the coal through the
retorts. This conveyor gives en oscillating motion to the coal,
The coal is first given a forward motion towards the discharge
end of the retort and then on the reverse oscillation it trave1§
backward a distance slightly less than that of the forward motions

The furnace built of fire brick consists of seven separcte
heating chambers. Rech chamber is heated Ly six gas burners
situated on the under side and so arranged os to give direc? heut-
ing to three fourths the total length of the retort. Flexi-
bility in the control of the furnszce terperature is secured by
providing each burner with en individual combustion chamber
connccted with the hesting chamber,

Coal is fed to the retort continuously by means of a screw
conveyer, The slack is fed at o wniform speed so that & dépth'
not exceeding three inches of coal throughout the retort, is
secured., Under these conditions the necessary heat transfer 1S
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rapldiy seeured.

The carbonaccous residue is discharged from the retorts into
a screw conveyer which moves it to the quenching conveyer where
it is sprayed with water, The gases -generated in the retorts
are withdrawn from the ccal feed end of the retort and are passed
through standard condensing and washing equipment.,

The residue is mixed with piteh and briquetted on a Belgium
type roll press, It is planned to install a still for the frac-
tionation of the crude tar, the residual pitch being used as
the necessary binder for the coal,

-The briquettes weigh about 2 ;/2 ounces and are pillow
shaped. After air drying they withstand handling and shipment
with relatively little disintegration. The briguettes burn with
little smoke and are said to retain their form wntil consumed.

A third method of interest consists of the manufacture of a
so-called anthracite which has been made recently from bituminous
coalll, Briefly the process is as follows; The coal is heated -
to a temperature of about 850°F. in o retort where it is agitated.
The cqal first melts to a semi-liquid mass which is plastic.,

It then passes into solid semi-coke., Because of the stirring
motion, the semi-liquid rolls into pellets of various sizes.
The pellets are said to be an excellent fuel for pulverized
coal furnaces, on chain grates and in gas and water producers,

The pellets are cooled, ground end mixed with pitch, The
mixture is then briquetted into pillow shaped briquettes weighe=
ing about 1 1/2 ounces. The pitch binder is secured from the
tar driven off during the distillation,

The briquettes are then heated in an oven of a special type,
at a temperature from 1,000°F to 1,200°F, By this treatment
the volatile matiter is reduced to 8 to 12 per cent. Consequently,
the combustion of the briquettes is nearly smokeless.

For further details on this process as well as on other
processes for the low temperature distillation of coal, the
reader is referred to the Proceedings of the International Conw
ference on Bituminous Coal Vol, 1:(1626) and Vol, 1 and Vol, 2

(1928) published by the Garnegie Institute of Technology,
Pittsburgh, Pa,

HYDROGENATION CF COAL

A method which has been developed by .-Dr. F. Bergius for the
ligquification of coals, lignites, sub=bituminous and high
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ash bituminous coals, was reported at the Internuational Con..
ference on Bituminous Coalsl? held in Pittsburgh in 1926, fnhe
method as worked out by him consists of subjecting coal heateq
to about 450°C, with a high concentration of hydrogen., The
pressure is from 150 to 200 sthospheres. No catyalytic egent
weas usad,

The coal liguifaction is said to consist of +two different
reactions: The first one consists of addition of hydrogen and
the second the splitting up of large wolecules into smaller ones
while additional hydrogen is added. The hydrogen first enters
the relatively large and conplex molscule. The higher the
temperature, the more the ‘lurger wmolecules are broken up into
smaller molécules. The addition of hydrogen to these chanpes
the wnsaturated molecules into saturated ones. '

When larger quentities of conl were employed for the reac-
tion, a coke like substa.ice rather than an oil was secured,
The reason for this wus fouad to be that the hydrogentation
reaction produced u large amount of heat which increased the
‘reaction temperature to such g degree that the distillation of
the coal began., This difficulty wus overcome by carrying out
the reaction in the presence'of a liquid medium, i.e.,, & coal
oil,

The products recovered consist of hydrocarbons of the
aliphatic, aromatic, and hydro-aranaetic series, phenols, cresols,
and ammonia, Typicul yields from bituminous gis coals are as

follows:
1. Motor spirit bbb b 15%
2. Diesel oil and Cfoosote 011 =tocooio --== 15%
5. Fuel oil, lubrictting oil, pitch mm==---- - 20%
Ao AHIONEA = mm et e e 0.5/
S¢ Waber ——cocboocomeccecmeeaeee o et 8.9%
6o éas --—dééa--f-F-f ---------------- aosoemm 267

‘74 Orgenic matter, *insoluble in benzene —- 11,5%

S T e L SR R s T

Relative to the nature und quality of the coal suitable

for hydrogenation, it is stated that coals from all over the

world were studiéd. This included nearly every type of coal
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and lignite except anthracite, Lignites are liquified more
readily and completely than bituminous coals, It is also stated
thet inferior coals to those required by the ordinary gas

plant can be used. Data is included showing the hydrogenation
of coals containing over 30 per cent ash.,

The above method is of interest since it demonstrates that
motor fuels can be made from coal. The estimated life of the
coal deposits greatly exceeds that of the oil deposits. The
by-products are olso more valuable than those secured by the
low temperature or high temperature distillation of coal. A
further advantege is the fact that since 15 to 20 per cent of
the coal is converted into methane and ethane, the coal liqui-
faction plant can be operated to advantage as a gas plant. The
gas has as high a heating value as gas obtained by coking coal
in the ordinary way while the oll by-product is more valuable
than the coke,

Coal as the Ruw Material for the Organic Chemical Industries

The destructive distillation of coal produces large quan=-
tities of carbon monoxide and hydrogen, The direct combination
of these gases by catalytic syn*h651515 produces not only methyl
alcohol, as wcll as other homologous alcohols, but also esters,
and ketones, which have various industrial uses.

By varying the nature of the catalyst and its temperature
one may secure either methyl alcchol or a mixture of methyl,
ethyl, prophyl, sobutvl and other a@lcohols, together with a
variable and usﬁﬂlly a small proportion of free or combined
acids, ketones, and tarry residues,

This process for methyl alcohol is already in operation
in Germany on a large scale,

The presence of inert gases is condidered particularly
objectionable in the synthesis of alcohols. The most important
of these are methane, sand nitrogen., These guses reduce the
yield of aleohol,

The necessary carbon monoxide and hydrogen (water gas) can
be readily made from coke. n.relatively new development pere
mits partially or wholly the substitution of run of mine bitu=
minous coals for coke. 4 method frequently employed for the
csomplete gassificat ion of bitumihous conl comsists of the
simulteneous distillation and gessification, the resulting ges
containing close to 50 per cent hydrogen, 30 per cent carbon
monoxide, & per cent carbonic acid, 6 to 7 per cent nethane,
and 8 to 10 per cent nitrogen. The consumption of coal is
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from 650 kilograms of crude coal, for 1,000 cubic meters of
gas. AhAllowing for inert gas, leakege, etc,, the consumption
of coal is about 1.10 kilogrems per cubic meter of gas that
actually enters into combination and is converted into an
organic compound, ;

The transformation reaction is

nCo + 2nHy = Cnilon = OH + (n-1) Hg0

On this basis, the theoretizally pure gas in cubic méters
per kilogram of alcohol can be calculated. This gives 2,20
cubic meters for methyl alcohol. The practical consumption of
crude gas in cubic meters, is 3.67 while the practical consump-
tion of coal consumed is 2.42 kilograms,

As already mentioned a series of orgenic products can be
made by this alcoholic synthesis by employing different catalytic
agents., The only one that as yet has heen secured in the pure
state by catalytic action alone is methyl alcohol. £An interes=
ting development, however, is that methyl alcohol itself can be
made to serve as the raw material for the preparation of the
other alcohols, When vapors of methyl alecchol are passed over
certain catalytic zgents, the product obtained contains essentially
the same proportion of higher alcohols as when water gas itself
is forced to react with the same catalytic agent, An additional
point that is made is that formaldehyde can be readily made from
methyl alcohol by simply passing vepors of the latter ever reduced
copper at 200°C. Free hydrogen is liherated. ;

It is believed by the writer of the above paper that the
cost of synthetic methyl alcohol under present conditions should
not exceed 20 cents per gallon,

Relative to the discussion of synthetic organic compounds
from water gas derived from coal, it might be mentioned that
ordinary by-product gas has some possibilities along this line,
This gas contains zpproximately 50 per cent hydrogen, 25 per cent
methane and 2,5 per cent illuminants. By fractional condensation
or by other methods these gases might be separated. The hydrogen
might be used as a source of ammonia, The methane, by a recently
developed process, might be decompcsed into carbon and hydrogen
in the presence of a catalysist, the carbon converted to carbon
monoxide and the carbon monoxide and hydrogen reunited to form
methyl alcohol,

" Miscellaneous Methods for Utilization of Low Grade Coals

A method!% for the conversion of slack coal and fines into
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lumpy smokeless fuel, by low temperature distillation, is of
some interest. To obtain these results the coal is carbonized
while tightly packed.  The resulting coke lumps appear to have
‘considerable strength, y

Coal particles hawe been successfully recovered15 from slags
by Krupp magnetic separstors. It is reported that three to five
per cent of the coal or coke fed to the furnaces is recovered
in this way.

Coal and coke have been suvccessfully recovered from ashes®
by a magnetic separator. The clinkers from coal and coke are
magnetic., The separators consist of o fixed system of electro=-
magnets with one or more semi-cylindrical highly concentrated
magnetic fields within which a +thin walled drum rotates. The
ashes pass to the drum. The coal ond coke being non-magnetic
drop off by gravity. The magnetic slag is held until the drum
reaches the non-magnetic part of the field during its rotation,
when it drops off. The separator is said to handle 0,25 to 2
tons per Lour, The power consumption is reported as C,.8 to
24 per killowatt hour., Ashes of widely varying composition
have been handled. :

& similar process for reclaiming coal from combustion
residues is described by H. 0. Herzoglbi After removal of the
iron, the ash is separated into four different sizes by a suit-
sble conical screen drum. The first three sizes are charged
on electro-magnetic separators. The clinkers are retained to
some extent by the electro-magnetic attraction of the separators
(drums) while the coal is thrown off by the centrifugal action
produced on rotation of the drums. It is claimed that 30 per
cent of the coal from residues derived from station plants and
40 to 45 per cent from locamotives ash may be recovered,

Much ingenuity has been exercised in various deviees for
the direct burning of low grade and waste coals wunder boilers.,
in exsmple of Rnglish practice of this type is given by W. S
Coatesl, 1Induced draught is reported as being sufficient to
consume a relatively good g grade bituninous or semi-bituminous
coal, free from slack, and w1th a henting value of about 11,000
B t.u. per pound, wken the ash content is not high and the
volatile matter is such that ignition is easily obtained.

British practice in the utilization of coal mine westes,
peat, lignite, coke bresze, etc,, as a fuel for steam raising
and in produser gas and briquette manufacture is discussed in
& book by W. F. Gocdrish entitled "The Ttilization of Low Grade

end Waste Fuels", published by Earnest Eenn Ltd., London, 425
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II - UTILIZATION OF LIGNITE

The developments in the utilization of lignite up to 1925
are sumarized in a bulletin by the Bureaw of ilines. Several
lines of attuck for the possible utilization of lignitel have
been suggested. These are given as follows:

(1) The production of valucble crude liquids by the dis-
tillation of the lignite,

2) The prepasration of liquid or soluble products by hydrc-
) )9 Yy oy
genation or other processes,

(8) an inexpensive method for ths complete gassification
sof lignite including an improved method for making
producer gas, and a suitable method for the production
of water pgas.

(4)4A method for making a solid fuel other than by briquetting
the carbonized lignite.

(5) The develcpment of a method for coking the lignite.

(8) The commercial applicability of the carbonizing and
briguetting process and its relation: to by-products:
and methods for plant control,

Only the last of these possibilities offers definite assur-
ance of giving a satisfactory domestic fuel,

CARBONIZING PROCESSES

Both high and low temperaturesdistillation processes have
been proposed for lignitel, It is now recognized that low
temperature distillation gives a higher yield of oil (tar) and
condensable products. It also gives a larger percentage of
phenols snd parafines in the tar, & higher percentage of light
oils capable of being refined and used as & motor fuel, a
decided decrease in the yield of gas rer unit weight of fuel,
an increase in the yield of cher in some eases, and a decrease
in the yield of ammonia in most cases. More difficulty in
quenching the residue (char) is encountered and a better grade
fuel is secured., The fuel is more reudily ignitable, free burn=
ing and smokeless, The amount of fuel required for the carbon-
ization is also’ less than in the case of high temperature
carbonization.

Distillation at Low Temperatures -

Up to 1324, low temperature distillation had not proved
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commercially successful even in the case of bituminous coal
from which a salable coke and other by-products can be re-
covered. The utilization of lignite in this way looks even
more unpromising since it often comtuins as much as 33 per cent
water and on distillation gives a gas of lower quality than
normally distributed as city gas, while the tar and ammonia at
best are no more valuable than the same products obtained from
coal, The lignite is also non-coking and gives a powdery re=
sidue,

S. W. Parr has developed2 a process for low temperature
distillation of coals giving a greeter heat economy, and &
vield of ammonia higher than noimal, Parr® hes also success-
fully cerhonized non-coking, high oxygen coals,

It is reportedl that for the last 60 years brown coals of
high bituminous content have been carbonized at low temperatures
in Germany, The bitumen varies from 5 to 40 per cembt. It is
said that these coals are becoming exhausted. Among the products
recovered are motor spirits, keroseme, gas oil, lubricating oil,
solid paraffin and creosote. Most of the German brown coals
‘contain only from 2 per cent to 3 per cent bitumen, and con-
sequently apparently are not suited for distillation processes,

Various low temperature distillation processes have been
developed for lignite. An attemptl has been made to apply the
carbocite process to the low tempersture carbonization of lignite
and peat, By this process very little tar is produced and it is
said thet the gas has practically no fuel value since it consists
chiefly of carbon dioxide and water vapor. North Dakota lignite
was tested by this method, This work was carried out on a
laboratory scale, 2,986 grems being drisd and slowly heated to
300°C in an electric muffle furnace, this temperature being maine
tained for 8 hours. The moisture loss was 649,4 grams, while
the carbonization loss was 83G,.7 gramse. The residue weighed
1483,5 grais, Consequently, the raw lignite required to make
one part carbocite is 1,994 parts. This is exclusive of the
fuel required for heat.

The possibilities of Australia lignite have been investi-
getedl vy that :country, Most of this lignite comes from Victoria
and is much the seme quality as that in the Northwestern part of
the United States. Low temperature carbonization tests tally
closely with similar tests of North Dakota lignites. The con-
clusion is reached that as o whole the results are not par-
ticu}arly promising,

(18)
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The Canadian government has extensively studiedl the uti-
lization of lignite. Laborator;: experiments were so promising
that a plant was built by the Lignite Utilization Board of
Canada at Bienfait, Sack. with an estimated capacity of 100 tons
of residue per day. The plunt wes designed and equipped to
hendle lignite, char, and gas and to produce briquettes from
the char, i

HIGH TEMPERATURL DISTILL.TION

Contrary to the impression held by mﬁny;, kigh temperature
distillation of lignite in coke ovens which has been satis-
fectory for bituminous coal, .apparently is not the most eco-
nomical and saticfactory method fot the utilization of lignite
under present conditions. This is explained by the many differ-
ences between bituminous coal and lignite. Some of these differ-
ences are given below. Lignite contains &0 per cent or more of
moisture while a good grude coking coal contains less than § per
cent. This necessitates considerably more heat to expell the
‘additional moisture. The yield of lignite char is about 40 per
cent only. This is not 2 valuaile fuel without further process=
ing such as briquetting or the use of ppeciul devices, On the
other hand good coking coals give us high as 72 per cent coke.
The lignite tar is less per ton of fuel carbonized and has o
lower commercial value. The gas from lignite has a considerably
lower heating value and will not meet existing standards for
-city gas. Lignite generally costs more at the mine per unit of
availaeble heat than higher grede fuels.

The use of stundard by-product coke ovens and gas retorts
for the carbonization of lignite are not practical because the
fixed charges and over heud costs are too high. A table show-
ing the comparative costs of distillation of bituminous coal
and lignite is as follows:

BITTHINOUS COAL

Coall i iben e g e D L -~ $5,35 per ten
Operating Costi=—--memccmmm e 1,56
Rixted soharges cocioal Tovaln il il il .25
Blue gas for heating ovens -=-=-e-mee—ceee-- 1440
Total----
LIGNITE (hypotheticaq ¥ $9.50

Lignite at the mines =—---—---ececcmecaaaooa- 1,50
Operating cost =-—-=---—ce—o—-omaooo SR R 1.59
Fixed charges ===-—=-—cmeoaeme—oo oo loaoo_o 152
Lignite gus used for
heating the 0VENs ==-=c-ceemomam oo



The returns are calculated to be §7.23 in the case of the
bituminous coel, and $1.5¢ in the case of the lignite which
leaves a deficit of $2.27 in the cuse of the coal and $2.69
in the case of the lignite. Fowever, if the 11.000 cui fte of .
gas were sold at 22.6 cents w thousend feet one could come out
even on the bituminous coal, 3uch &n opportunity however,
does not exist in the case of the lignite.

GAS M.KIIG PROCESSES

Various gas producing processesl (other then by distillation)
are making progress. Lignite has been gassified in the gas pro=-
ducer, Both steem and air ure passed through the incendescent
fuvel bed. Lignite producer nmas consists- of volatile matter
from the lignite togetHer with gas resulting from the reactions
between the incandescent carbon end the steum and air. It slso
contains a comparatively large quantity of inert nitrogen.
lignite producer gus is suiteble for industrial use and can be
used for zes engines when rurified. :

ﬂhilé lignite can be used successfully in gas producers,
in the raw stute, it is not «n ideul fuel for this purpose sirce
it slacks on heating. &« gas producer has been developed recent -
ly in Texas to reduce clinker difficulties, ‘znd produce simul-
tanecously & gas of higher heating value. 4 water jacket pre=-
vents clinkers from sticking to the side wall, while a revolve
ing grate assists in the proper distribution .of air, and prevents
the formation of holes in the fuel bed., The higher heating
value of the gas is secured by passing the gas and suspended
tarry vapors through a chember in the hot zone of the producer
thereby cracking the vapors which are fixed as & gas, \

APPLICATION OF‘THE TREHT PROCESS

This procesél under proper conditions may prove satisfactory
for lignites in districts.such as Texas. In this process the
lignite is finely ground snd mixed with a large quantity of
weter, A small quantity of checp oil susch as crude heavy oil,
tar, tar enulsions, etc,, is added and the whole is thoroughly
nixed, The oil wets the surfece of the fine conl particles
vhich coalesce into granules, The slate end other incombustibl e
matter is not wet by the oil end is pertly removed in the weter
which i1s removed. 'The mass of oil-coal contains about 30 per
.cent oil and resembles a black putty like mass.. By the above
process, not only is the ash reduced but the resulting product
can be coked, provided it is made- in part from bituminous coal,
I1t.gives u high yield of rood quality pas, while the resulting
coke is of good quality with a comparatively low ash content.,
Lignite 4s mined is not well suited to the Trent process, but
probaebly a meuns of applying this process can be developed.

(15)
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EXTRaCTION OF LIGNITE vITH V.RIOWS SOLVENTS

Probably the most important meterial recovered in thisg way
is monten wax, The recovery of this product does not lock very
promisingl in this country although it has been recoverad with
some success in Furope. Ordinarily the waxes, resins and bitu-
minous substances are reccvered by extraction with benzone or
other solvents.

~ * HYDROGENATION OF LIGNITE

Processes® to hydrogenate coal or lignite and thereby
recover various liquid products frowm it, generally ianvolve the
uso of high pressure, tenperature control, und in the ocuse of
lignite finely divided materials. & definite degree of purity
of hydrogen is required and a period of time sufficiont for the
roaction to take place, The catalytic effect of certain mate-
‘rials present as impurities cor otherwise, also must be taken
into consideration. It is obvious that & process of this typer
- does not look very promising for the production of a cheap fuell,

The provess for the hydrogenation of coel has been developed
by Bergims. The time reguired for hydrogenation is given as
about fifteen hours, the pressure teing from 40 to 200 atmospteres
and the temperature .400°C..

SPECTAL FTELS FROM LIGNITE -4BRIQUETTING

Attempts to produce a solid fuel from lignite which does
not have the objectionable featuresl of rew lignite include the
following: (1) Eriguetting of the lignite by pressure alone or
- by the addition of suitable binders such as tar, lime, cement,
water glass, starch or bitumens. ' (2) The preparation of &
colloidal liquid fuel in which the finely ground solid fuel is
held in suspensicn. (3) The prepoarstion of so called amalgams
of solid fuel with cther substunces, (4) The utilization Of.the
dried or partly carbonized lignite, with other coals and binding
materials. ‘While these studies have been beneficial the problem
has not béen solved.

Considersble time and attention has been devoted to briquets
ting of lignites. The cost of btriquetting lignite has been care=
fully worked out by the Bureau of Mines4,  The cost of briquet-

- ting the lignite.without a binder, exclusive of the cost of the
lights itself is B3¢ per ton. This calculation was made in 1313,
Vihere a binder is used (6% at $12.00 per ten) the cost is
estimated at $1.,06 per ton,

The lignite briquettes are snid4 to resist weathering guoh
better than the raw fuel, They also withstend handling betters
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As @ gas producer fuel the hriguettes were 48 per cent moreceffia=
cient, while us a boiler fuel they were 14.8 per asent more effi=-
cient than the raw lignite. j

Lignite has been briquetted by the Bureau of Mines both with
and without a binder. It does not appear likely that briguetting
‘of western lignites without & binder will be stecessiful, Verims
binders have been suggested of which pitch appeers to be the
best« The most economical plan applicable to lignite in: the
northwest4 appears to be to cartonize the lignite, sell part of
the char directly as a fuel and to briquette the remainder with
& binder made from the pitch recovered from the lignite tar,
together with a comparatively small quantity of low-grade flour,

Cerbonization followed by briquetting looks promising. In
this way, rew lignite can be converted into a satisfacsory fuel
which has a comparatively high heating value and is well suiteéd
to domestic end other use.

The briquetting of lignite is also discussed by Stillmen &,
A complete bibliography is included, :

LiGNI TE 4S A FUEL

‘Lignite can be bwurnedl satlsfﬂctorlly as domestic and boiler
fuel. Stoves are nvailable where lignite can ‘be burned almost as
efflectively us the higher grade fuels. A larger stove is .required
however, since about two tons of lignite ere equivalent to one
ton of high grade fuel in heating value,

Lignite has been utilized as a boiler fuell, The employmert
of special grates, chain grates, step grat es, and under-feed
stokers are reported to give a fairly high thermal efficiency in -
the use of this fuel, Propper combustion facilities are all '
that is required to secure high thermel efficiency from lignite.
Lignite is attractive us & boiler fuel. For further details,
see Bureau of Mines,Bulletins 21, 40, 80, 89 and 135, and
Technical Papers, 137, 205, 217, and 279.

THE ¥SE OF POWDERED LIGNITE

Lignite can be successfully burnedl as powdered fuel. Several
factors however, tend to limit its use. In the raw state the
moisture content of the lignite i$ so high that it is not readily
pulverized, but tends to "ball .up" in the pulverizer. Alsm, ‘it
" does not readily igniteé. While it is not necessary to remove
all the moisture, in order to burn pulverized lignite, it is
reported that the moisture should be reduced to possibly 10 to
12 per cent. This is equivalent to the evaporation of 899 peunds
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of water for the prepuration of. 1 +on (2000 1bs.) of liznite
r with a moisture content of 1C pecr cent. Consequentl:-, it is
uneconomical to ship lignite dppr801&019 dlstahces to be dried,

A potent question. then is where. and how should lignite he
dried and pulverized. JIt-is. reoonmended that +he dryiag of the
lignite take place ot the mine. Some llrnltes hovever, ignite
spontaneously after drying-unlecs they are carefully cooled
Consequently, the shivping of such llgnlte offers a problem,

It is suggested that lignite of this type might be pulverized
at the mines and shipped in air tlght coatalners, or it might
‘bex partly carbonized , at. the mine and puIVLrlzed after arriv-
ing at its destina tlon. : The 1dut netkrod . is conszdered the better,
for several reasons, It is beljeved that 2 deflnlte fleld
exists for lignite handled in this way.,
. | i :

A descrlptlon -of the varlous methods for prep&rlng end burne

g powdered fuel and the cost under dlfferent condltlons, is
glven in ereau of llnes Bulletln 217 pub11°hed in 1923,

Powdered: 11gn1te has becn ohov\n to be an ccononlcal fue1l
for steam raising, ceement moking, netallurglcal furneces and for
many other purpeses. . When it is used for stean raising, with
properly constructed b01ler and furnace, an ‘efficiency of over
80 per cent is clalmed. It.is: cono;dered a satisfactory fuel
when the cost does not prohlblt its use.

Lignite has been used . sucoes fu11y in: the manufacture of
decolorizing -carbon,. One well known comnerclql carbon is made
*“from this materlal. :

MORE RECENT DEVFLOPMEW;” AN THE UTTLIZATTON OF LIGNITE IN EURCPE
» +  The most p*on*s1ng 1wethod@ f)r the utlllzatlon of Italian
ligrite is low temperature distillation at 453°C to yield about
25 per cent V0¢atlle produvcts snd 76 per cent residual semi=-
coke, the calorific value of which is 6500 calories.

The following developments are taking place in the uwtilize=-
tion? of Brown coal in Europe,

(1) There is increased activity in briquetting, The bri-
quettes are largely used as generator or producer fuels

They must be uniform and dry.

(2) The extraction of montsn wax is reported to be on the
decline,

(3) The Rolle method of carbonization is declining.
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(3) Continued .
© Newer methods of larger capacity are téing developed.
The coke is used for power or gas ;roducers. The tar

is recovered. :

(4) More 1mprcved methcds are Delng developed for refin-
ing +the tar,

(5) The Borgius hydrogenation plant at Mersburg is tech-
nically successful.

(6) Complete gassification is being enployed as a means for
the manufacture of city gas. Lpproximately 2,300 cu. ft.
of gas with a heating velue of 450 B.t.u. are secured
from one ton of browa coal,

Thé most receut developments in the utilization of lignite
in Europe is given in an urticle® by Kerschbaum presented at the

-International Conference on Bitwainous Coals, held in Pittsburgh,

in 1928, According to this authority, about 3 billion tons of

sub-bituminous coal exist of wiich this country has about 94 per

cent. In spite of this fact, the greetest development in the
utilization of thls material has teken place in Germany.

About half of the German brown coal is burnt as raw coal,
the other half being briquetted., Kerschbaum states that this
briquetting process would be a satisfactory solution for the utili-
zation of brown coal, were it not for the fact that briquetting °
requires a certain colloidal structure of the coal, which is found
in Germeny, and to & certain extent in Australia but mowhere else,

It follows that a more universal solution of the problem of
utilizing sub-bituminous coal was needed. Kerschbaum considers
that this has been found in carbonization. The conditions being
different, carbonization processces had to develop in its own way
in Germeny independent of processes for coking bituminous coals.

The developments in carbonizuation processes begen with the
Rolle furnace, This furnace wus used for meny yeers, A more
recent furnnce based upon the principles employed in the Rolle
furnace and designed to give greater efficiency is the Geissen
furnsce, '

In order to utilize and develop the different types of sub=-
bituminous coul, which are different in both physical and chemical
behavior, and which ineclude coals ranging from lignites up to
sub-and even to semi bituminous coals, Kerschbaum considers that

a nore pgeneral solution of the problems of carbonization was re-
quired., This was found in the development of producer gas practice

. end briquettes. Tar is obtuined as’ a by-product of the produce gas,
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This is obtained by cerbonizing the briquettes in the upper part
of the producer by the hot gas current itself, A rother high
yield of tar, which was nuch desired, was secured in this way,
Some 20 furnaces were erected according to this scheme,

In 1921, another group of Germun engineers8 still further
developed the carbonization of bravm coal, and succecded in
éstablishing a rather general system of carbonization knovm as
the Lurgi Process., This process depends upon the following
principles; '

- le Any kind of fuel can be used provided it is non=-coking,
No pre-treatment is employed except in the case of coal
dust.,

2. Coke should be obtained of highest possible heating value,
and reactivity. As far as possible the structure of the
original fuel should be retained., Tar should be secured
with high yield without cracking. There is no gas,

5. Heating up of the fuel should be done directly in order
to secure heat economy. This should be done slowly to
avoid disintegration. Hot gus currents passing through
the coal should be used for this,

4. The hot gas and fuel should be led in counter current
: system thereby avoiding cracking and condensation of
the tar,

9. The zones of drying and curbonization of the coal and the
cooling of the coke should be clearly separated.

6. The carbonization temperutures of from 500°C t6 1000°C
‘should be - applied without exposing materials of iron
construction to this temverature,

From an engineering point of view the following are said to
‘be of importance: :

(1) Units of high.capabity, i, from 100 to 200 tons per
day should be developed.

» (2) The entire three step process should be continuous.
(3) The.vertical sheft furnace should be used for the car=
bonization, The interior walls should be built of

firebrick,

(4) Heating of the gas current should be carried out outside
the drying and carbonizing system.
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(5) No movable parts should be used in the furnace except for
the motion of the coal (gravity) and the gases (by blowers).

(6) The simplest possible éonstruction should be used,

Briefly the process is operated as follows: The raw brown
coal in pieces up to 4 or 5 inches is charged into the bin which
is on top of the pre-dryer, by means of a special charging car,
The fuel is fed from the bin into the pre-dryer, where the dry-
ing gases are forced through the layers of fuel in two stages.
Drying is effectéd to O to 4 per cent moisture. The fuel passes
from the pre-dryer through a hose system into the one stage car~
bonizer, the lower part of which serves as a cooling chamber for
the coke. after cooling, the fuel is removed by a sliding table
device, ,

The gases at equilibrium conditions act as follows: The gas
passing off from the carbonizer which contains the tar is sub=
jected to the action of the Cottrell electrical tar condenser
and afterward is divided into two parts. One part which is the
cooling gas current, is led back to-the bottom of the carbonizing
tower, while the other part passes through a cooler to & wa:sher
for recovery of light oil. The gas is then fed into two burners
for heating the. circulating gas currents exhausted from the car -
bonizing - and drying zone,

Plants of this type are in opération in Greece, Hungary,
Germany, England, and plants are under construction in the Uhlted
States and Canada.

On Nprth Dakota lignite containing 31,6 per ceut water, this
process is reported to give a coke with a calorific wvalue of 6500
Cal. per kilogram, and & tar yield of 4,2 per cent (90 per cens
of the theoretical)., No additioael fuel is required for the car-
bonization. Where the coke produced shows too much: disintegration,
briguetting will be necessary maklng use of the binder produced
from the tar, i

R

MISCELLANEOUS DEVELOEMENTS IN [HE UTILIZATION OF LIGNITE

- Lignite (American) as a future fuel is discussed by 0.P. Hoodg.
Neither the Canadian effort costing over $1,000,000, nor the
imerican one has established a continuous operating plant on a
‘business basis. Hood thinks that the plant.most likely to succeed
Will be ome of. the pgreatest simplicity, of low initial cost, pro-
ducing only llgnlte char briquettes which enter into competition
with anthracite coal. He believes that the right combinaticn of
men, capital and method for.a commerclally successful industry
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‘has not yet been found

Pulverized lignite fuel has been used:Q in California at
an experimental boiler plant. The lignite hed & heating value’
of 12,016 B.te.u. per 1b. and contained 54,6 per cent volatile
matter, 26,3 per cent fixed carbon and 19.1 per cent ash. The
lignite was partly air ‘dried and was then further dried to 6 per
cent water, 50 pounds of powdered lignite per ton of fusl being
required for this purpose, The dried lignite crushed to i75 mash,
Wwas air separated and stored in concrete bunkers. Evaporating
averaged 9 pounds of water per pound of dry fuel. Flue ges
temperature was 550°F, 50 per cont of the ash was carrisd out of
the stack. As a result of the sbove tests, plans were drewn for

jo & large steam electric generating pleat, and three industrial
power plants,

Tar has been recovered on a laboratory scale from lignitell
by steam distillation, The lignite was steamed for 18 hours with
superheated steam. The tar was completely removed with very little
decomposition of the original btitumen. Also, 54.8 liters of gas
were liberated per kilogram of dry coal as compared with 108
liters by external heating,

The recovery of oil and wax12 from brown coal is discussed
by R. Tedmeyne, The occurrence, working and treating of brown
coals according to German practice is discussed.,

It has been found that lignite breaks downl® on pressure
heating. Rhineland lignite was placed in 6,1 N.KOH and subjected
to heating under pressure. Oxidation and saponification reactions
take place. Possibly hydrogenation takes plece also, About
25 per cent of the lignite is umattacked. Various acids, volatile
fatty acids, non-volatile ecids, humic acid, catechol and pyro-
catechuic acid were found in the alkaline solution., The total
yield of products was 68 per cent.

~ Relative to low temperanbure carbonization, Davis and Gallo-
Way give laboratory results from the distilletion of 23-sub-
bituminous coals and lignites by three different methods. Berthelet:
gives small scale results of the carbonizetion of lignites and
hituminous shales., He concludes that the Salerni retort is one of
the best adapted for.this. The same writer reportsl6 that there
is a revival of interest in France in connection with low tempera=
ture carbonization. This process should not only produce metal-
lurgical coke and lead to the development of electrical power,
but: it should also aid in supplying liquid fuel. The horizontal
Salerni retort is said to be best for this work. The various
systems for the distillation of coal are divided into 3 groups
depending upon the method of applying the heat to the coal.
Several systems for the distillation of coalsl?, especially for




brown coals and lignites are described with comparative costs

of the different systems, with diagrams and illustrations. Work
done by the Canadian Depertment of Minesl8 shows that a Saskat-

chewan lignite with & water content of 35 per cent and calorific
value of 7200 B.t.u. can be transformed to a fuel of 75 per cent
greater value by drying and carbonizing processes.

Some of the advances in the utilization of lignite in gas
producers are given below., The best conditionsl® for the gassi=
fication of lignite in a producer are (1) a slowly downward mov=-
ing fuel column. (2) A uniform blast distribution over the cross
section of the producer and thus a horizontal zone of combustion.
A producer utilizing these principles is described. Modern re-
quirements in Germen producer design for gassification of lignite
" is discussed by Curt-Bube~Halle?”, The.removel of all the tar
foimed is complicated by the filtering action of the moist fuel
in the drying zone. However, this is desirable since it removes
coke breeze from the gas. Slag formation and ash handling, regula=
tion of water vepor, and air distribution are still partly un-
solved problems.

Low temperature carbonization coke from sub-bituminous coal
is an ideal fuel?0 for pulverized coal firing., This coke also
must be regarded as a new and valuable raw material for chemical
purposes. Examples are the use of this coke for adsorption sarbon,
and in gas producers. Its use here is advantageous in that the
reaction € + 2Hp0=COz + 2Hy is approached whereby 2 molecules of
hydrogen are secured per atom of carbon instead of one as is
usually the case, ' : ; :

" UTILIZATION OF PEAT

: The ubilization of.peaf has been extensively investigated in
many parts of the world. Some of the countries investigating
this problem have been Ireland, Canada and United States.

Peat is widely distributed in United States nearly half of
the states of the Union couteining this material, The northern
states containingimostl of this material are: Minnesota, Wiscon=
~8in, Michigen, New York and Maine. It is also reported in large

Quantities in Virginia, North'Carolina, Florida, Oregon and
Weshington,

It might be mentioned here that attempts to utilize peat
have attained considerable success, The various methods that have
bsen employed for peat might be classified as follows:
(a) Peat as a Fuel.
(b) The Use of Peat in Gas Producers.
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" in this way. The removal of the excess water by solar or artj

" usually removed from the bog by a floating dredge which trave

. This work was later transferred to a private company. Since

(c) Destructive distillation of Peat,

(d) Briquetting of Peat,

(e¢) Miscellaneous uses of Peat,

The vafious uses for peat ere discussed bolow in some de
PEAT OR i FUEL

Peat often coutains 86-90 per cent water, When relative

dryl it is often a satisfectory fuel. The removal of the exc

water is one of the chief difficulties in the use of peut as

The removal of the water by pressing is not generally saf
factory., Only a rolatively smull amount of *the water is reno

cial heat is more promising. At the present time the use of
artificial heat has been discavded as not being practical,

Practically all of the methods which have been successfu
depend upon the utilizatlon of solar heat for the drying .of ¢
peat. 1In order to reduce the cost of munufacture, the peat i
usually excavatéd, macerated, dried and hervested by the aid
machinery especially designed for this purpose. The peat is

along the bog, or by a steam shovel. In some cases specially
devised excavators seem to be best suitéd for this purpose.

Peat has been recovered in Europe on & consideruble scal
some years with fair success. Of course conditions are quite
ent in this country, and results secured in Europe are not de
able, necessarily, in this couutry.

The most extensive investigation of the production of_Pe
fuel, on this continent, has been carried out by the Canadian
Govermmentl with the expenditure of nearly & half million do

conditions of production are much the same as those in the n
ern part of the United States, this work is of particular 1n
est., : . :

The peat is dug by a spccially designed chain ‘and bucke
cavator. This excavator cuts & scction thirty feet widt?- I
machine hus arcapacity of over 150 cubic yards of mat,erlal_F
kour. The peat is automstically delivered to a grinder whic
thoroughly mucerates it and deposits it on a belt 0011‘/‘?.‘,’61'_
extends several hundred yards into the drying field which 13
right angles to the working face. The peat is discharged f;o
matically into a spreading device which spreads it on the
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& layer 12 feet wide, 5 inches thick and nearly 800 feet long.
The machine cuts the peat into blooks 10 inches long and 5
inches wide, Then one row of peat blocks have been put down,
the spreading equipment moves forward the width of another row
“and the operation repeated., It is said that about 100 tons of
peat blocks can be laid every 10-hour day.

' The pcat is exposed to the weather until the moisture content
is reduced to about 30 per cent, Contrary to what might be ex-
pected after the peat has been exposed to the air for a time it
does not readily talke up water. Consequently, it is not neces=-
sary to protect it from weather during the drying period.

The peat fuel is cut into blocks about 8 inches long, 2 1/2
inches wide and 2 1/2 inches thiclk for the market., It is reporte=
éd as having a heating value of about 7,000 Betous per pound,
one ton having a volume of about 60 cubic feet. It is readily
ignited and with a free draft gives a long fat flame, Peat
fuel is recommended for use in open fire places, cook stoves and
for similar purposes. It has beecn used also for the generation
of power., No clinkers are formed during the combustion of the
-peat, nor does it give the dark colored smoke which one secures
from bituminous. coal,

. The various methods that have been developed for the mining
of . the peat are very numérous. A4 recent development2 applies
hydraulic mining to this meterial. It is reported that this -
process has been in operation in Russia for several years, The
peat is disinteogrote€ with a stream of water at 300 pounds

-pressure. : The water containing the peat is pumped through pipes
and spread on drying fields to form a layer 20 cm, thick.
Furrows are cut in the bed of peat by a special tractor-driven
roller so that efficient drying can be secured. A single unit
of the plant will recover 20,000 to 30,000 tons of air dried
peat per year., The process effects a saving of 40 per cent of
the cost of production of air-dried peat.,

- The profitable utilization of peat as a fuel depends in
‘large measure upon the cost of coal and other fuels. Accord-
ing to the 1922 report of the peat committeez, the cost of
peat for a 10-hour day is $4,48 per ton, while for a 20=hour
day it is $3.5€ per ton., It is estimatedl that Illincis coal
at $5.00 to $5.25 per ton is equivalent to peat fuel at $2,53
per ton, without including the extra handling charge which must
be paid for peat, '

 BRIQUETTING PEaT

The brﬁquetting of peat has been investigated by mény experi=
menters, It is reportedl that as far back as 1856 thcre was
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attempts in Europe to produce briquettes from peat. The air
dried peat was screened and the finely divided material dried

in an oven to a moisture content of 12 to 15 per cent, and press-
ed into briquettes in a high-pressure hriquetting press., Plants
for producing these briquettes werc wnsuccessful, thc peat enter -
ing into competition with a higher grude fuel that was even
cheaper than the peat.

.

The so called "Ekenborg wet ceruvonizing process" is seid?
to have interesting possibilities. The peat as obtained from
the bog is cherged into retorts where it is heated to 152°C a%
2 pressure up to eight etmospheres., The water distributed through-

out the peat serves as a heating medium causing charring to take
place, ’

The peat heated as described .loses its colloidal nature
which promotes the removal of water luter. A4 slight charring is
reported, the materiul turning black. Hydrocarbons that would be
lost ordinarily are retained by the peat. Water can be pressed
' easily from the charred rusidue which is briquetted,

; Plants employing the above process were established in both
Sweden end Scotland, but were not very successful. Eventually,
both plants ceused operations. i company known as the Wet Carbon=
izing Limited had established the plant in Scotland with the
support of the British Govermment. The plant commenced opera=
tions again at the beginning of the world war, The modified
process is reported as follows: Peat with 93 per cent moisture
is pulped and then forced by hydraulic pressure into steam
jacketed pipes two inches in dismeter., In these pipes the wet
' carbonization takes place., The peat is then forced by a pressure
of 120 pounds per square inch into filter presses. Here the
water is reduced to 25 per cent. The pulverized filter cake
is then blown through boiler flues where the moisture is reduced
to & very low figure. The material is then briguetted upon on
open-tiold press.

. Peat’ briquettes have been made successfully on a roll Press5'
The Peat Products Corporation employing & Universal press, is
turning out a good grade pent briquette which is said to bring &
good price in the neighborhood of Grand Rapids, Michigan. The
process consists simply of padsing the air-dried peat conteining
about 35 per cent.water directly into the press. The peat goes
through a secondary drying =fter it has atteined the briguette
form, This is accompanied by both setting and hardening and the
development of weather proofing qualities. :

. The finished briquette is hard, can be shoveled and has
about 67 por cent of the heeting value of coal, It is reported
that thcse briquettes'dﬁe to their excellept‘heat radiating
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-- -value and to the fertilizer value of the ash might Bring a price
not far below that of the best coal,

Peat briquettes are claimed’ to be an excellent house fuel.
They have been used also for the production of peat charcoal.
Peat bricks’ have been produced which are successful for paving
purposes, :

DISTILLATION OF PEAT

. In 1920 and 1921 extensive investigationl of the carbonization
of machined peat was made by the British Research Board, The peat
used is said to be very similar to much American peat, The dried

"peat was in blocks about 10 inches long and a cross section of
about 2 inches. A Glover West vertical retort was employed, with'
& capacity of 3 tons of peat per 24 hours. Steam was introduced
at the base of the retorts to quench the char. The char is said

.to be an ideal fuel for suction gas producers,

The yields are as follows:
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' The carbonlzatlon of peat in vertical retorts at 800-800°C8 gave

4 o~y
o ts N

Charcoal —Eaiiid nitil, ol Caoy)

e 2790 per cent by weight of pect,
Liquor, ‘ ‘
» Total ammonif ~-===---c-ceueo-a 0.72 per cent by weight of peat,
Acetic acid --=me-mmcmoomaaaa. 0,847 per cent by weight of peat
Methyl Alcohol ===memmcccmceaan 0.l€3 per cent Ly weight of poat
Acetone ---------------------- ~ 0,129 per cent by weight of peat
Tar,
Dry tar per short ton of peat-22,85 gal, (UeS.)
Spe Bre @ 15°C ~--mmcccmmaaa 0,985
Ges,
Per short ton of peat ==--== 12,285 cu, ft,
Calorific value (net) ------ 310 B.t,u. per cu. ft,
Spe gre (8ir = 1) ==-eee--x - 0,757

The yield from one short ton of peat containing 20 per cent
water, can be summarized as follows:

One short ton,

Charcoal e=wemececaacoaao 540 1bs.
Liquor ------- m———————ee 95475 UuSe gals 22.1 1lbs. ammonium sulphat
' 1.28 1lbs, methyl alcohol
1,02 lbs, acetone
6.7 lbs, acetic acid
W e e 22,85 U,S. gals 0,39 U.S.gal. refined spi
: e 16,19 U.S.gal. of oil
el 48,0 1bs. of pitch
Gas ====n-- m——eee ---= 12,285 cu. ft.

340 B.,t.u. per cu. ft. :
One~third of gas used for heating retort.

13,760 cu. ft. of gas of a heating value of 340 Bit,u. per cu. fte,
2145 gal, of tar and 27 per. cent coke, per ton of peat. The Peat
contained 17 per cent water,

It will be noted that only one-third of the total gas is
employed for heating the retort., It lLas been suggested that the
excess be used for drying the raw peat. It has been estimated
that if half the excess gas is employed for power at the plant,
a plant producing 100 tons of char por day could dry 29 tons of
peat from 85 to 20 per cent moisture.

It has been suggested that peat be substituted for wood in
wood distillation apparatus,

Considerable progress has been made in the carbonization of
peat in Europe. Four plants? have been instelled to carry out the
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Ziegler process. In this process air dried machine peat bri-
quettes conteining sbout 25 per cent water are carbonized in
vertical retorts. The peat is charged at the top of the ovens

and the coke withdrewn =t the bottom. The by=-products are worked
up yielding paraffin, crcosote, gas, oil, acetates, wood alcohol
and emmonium sulphate., The beltter groade peat is used to produce

a charcoal to be -used for smelting purposes. The lower grade peats
are used for a semi-coke, which still contains part of the oil
matter,

The vertical retorts used in the Ziegler process are about
40 feet high with an elliptical cross section. They rest on a cast
iron foundation. sbove this is a hopper for discharging the char=
coal. Cast iron covers at the top carry the feed boxes. The
meximum temperature sttained in the rctorts is approximately 600°C.

The Willmerth processlo oriploys an interesting principle,
The raw peat is thoroughly disintegrated and the moisture reduced
to 25 per cent. It is then carbonized and the by-product recovered.
The peat charcoal, while still warm, is nixed with 50 poer cent air
dried peat, the mixture thoroughly mixed and the mixture briguetted
in an open-mold Exter press, ;

Peat is sometimes curbonized in much the same way as wood,
The disintegrated peat is carried slowly through a series of heated
horizontal retorts by means of a screw conveyer. In at least one
instance the pest is only partly carbonized (250°C) the semi coke
being briquetted at high pressure in a hydraulic press,

GASSIFICATION OF PEAT IN GiAS PRODUCERS

The greatest difficulties in the utilization of peat are due
to its great bulk and to the high water content. In a gas pro=-
ducer these difficulties are overcome in large measure. The bulk
of the pect is not an umsurmountable difficulty, while water if
not already present is added in the form of steam.

Power plants employing peat in: gas.producers as a source of
power arc in operation in Europel. Relatively little progress
has been made wlong this line in this country. The reasons for
this are said to be more economic thun technical. The peat inters
into direct competition.with coal and other high grade fuels which
are little if any more cxpensive than the peat at the piresent time,

Both producer and water gas mey be made from peat, The by=
products may or may not be reccgvered, as desired. At one pro=
ducer gas plantl , operating on peat, one ‘ton of theoretically
dry peat, gave from 88,000 to 92,000 cu. ft. of gas, If 59,000
cu. ft. is used in the preheater, from 49,000 to 53,000 feet re=
mein, which will give 700~750 h.p. hrs. From 70 to 85 per cent of

y
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the nitrogen is recovered as ammonia.. The tar yield is from 3
to 6 per cent. The by-products are said to pay the whole
working expense.,

Using peat containiﬂg 5C per cent water, & producer employ-
ing peat produces 1,000 hepe per hour while the same produce:
on coal produces 3,000 h.pe per hour,

Figures given by the Bureau of Minesl show that producer
ges made from peat is much more expensive than that made from
coal. PFor example, the cost of the gas without regeneration or
scrubbing, made from bituminous coal and peat each at $3,00 per
ton is $3.42 per 1000 feet (145 B.t.u. per cu, f1.) for coal gas
and $7.32 per 1,000 feet (145 B.t.u, per cu. ft.) for the peat

+ g2s. The coal had a calorific value of 14,000 B.t,u. per pound,
while the peat had a calorific wvalue of 6,750 B.t.u. per pound
and contained 25 per cent moisture.

The production of water gas. from peat has been suggested
by the Bureau of Mines (Bull. 253, "pPassibilities for Commercial
Utilization of Peat". p. 119). Under certain assumed conditions
it is approximately as cheap to make gas from peat as from coke,
This comparison does not take into accoint the extra handling of
the larger volume of peat required and the removal of the in=-

creased guantity of ash. For further details see the bulletin
mentioned above,

MISCELLANEQOUS USES OF FPEAT

Peat has been suggested as a source of liquid fuell?, It is
reported’ that liquid fuel can be economically recovered from peat,
where the peat gives a high yield of primary oils, or where the
yield of liquid fuel is increased by catalytic action or by cracli

The yield of oil by the semi-commercial low temperature car=
bonization of peat was 7 per cent. Some of the products re-
csovered from this.oil are as' follows:

Pofined watoline —oofol Slifl ooiilion 13,88 per cent
_ (x.P. 110-225)
@es oo o LRt e o 12,07
: (BoP. 105-330)
Lubricating 0il ===mmeceamcmmaa oo 6.28
Phenols and 9resols =m=m=m—meeccmecmcmcan 15,55
Aedd resinss st Ll on ol L Rn e LTl 4,14
Piltohi o i Rosdii g 4,90
| Brrafodn (WP AceGyl oo 0 o0 TR il e 3,82
| / Pyridine and other baseés ===-wm-=-c-=a-=- 6043
Residual COKES =—=e=mmmmcimeaoo o BTa
Total 10SSes —==-mmemm e e el 28,08




The miscellaneovus uses of pest are sumerized belowl3
(1) Ethyl Alcohol frou Pect.

It is well known that verious cellulose containiug materials
can be hydrolized into zlucose "y enzymes or dilute minerel acid,
The glucose is then fermeuted by yeast, ziving grain alcohol which
is recovered by distilistion, This method has been unplied to peat,
The method is not considered very promising due to the relatively
low celluloso content of the peat, the high dilubion of the alcohol,
and to the fact that the refuse from the peat hus very little
value, It is reported thet the production of alcochol from wood
weste sewdust, ete., his not becn a pronounced success, although
the yield of alcohol is nearly twice as greut as from peat,

(Yields calculated on the dry busis)

(2) Peat as a Fertilizer,'

The adsorptive properties of peat and its ability o retain
water are salid to be of velue in the preparation of composts and
in wtilizing them in fertilizers., Peat itself is not comsidered
a concentrated plant food although Curtaln types of soil are appre=
ciably beunefited by the addition of peat, the peat acting as a
"soil conditioner't The peat is 2lso considered in some cases to
have some fertilizer value. The purtly decuyed peat or "humus"
is considered to be much superior to ordinary peat as e conditioner,

Other possible uses for pnat15 include its use as & filler
in fertilizers, the use of fibrous peat as bedding for stock, as
an insulating material (heat), for obsorbent or decolorizing
cerbons, for porcus brick, in sveeping compounds, and as & sub-
stitute for sawdust and wood flour,

IV. RECOVERY OF WASTE PRODUCTS IN THE COKING OF COAL’
SULPHUR FRCM TiE HYDROGEV SULPHIDE PURIFIERS

When the coke oven gas containing hydrogen sulphide is passed
through the iron oxide in the purifiers, the two react forming
iron sulphide. One of the products of the reaction is free sulphur.
This collects in considerscble quantities in the purifiers. The
sulphur can be recovered by extracting with cgrbon disulphide or
by cother solvents, This product is probably of declining impore
tance on account of the growth of "wot" methods for the removal
of the hydrogen sulphide, For more recent methods for removal of
sulphur from gas, see an article by F. W. Sperr, "Gas Purification
in Relation to Coal Sulphur, I C.B. (1928) Vol. II. pe 37,

RECOVERY OF CYAIIOGEN COMPOUNDS

Cyanogein compounds are present in various liquors and gases
derived from by-product coke oven plants. They are found chiefly
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in the gas, quenching liguer, still waste and liquor from the
secondury cooler, Attempts to recover these products were quite
numerous some years ago. The belief held today, with few excepa-
tions, is that their recovery is herdly worthwhile, except in a
few isoluted cases.

LA method} which has been eriployed for the recovery of cyanoge
from the gas consists of scrubbing the gus with a solution of ferr
sulphate. The ammonia and hydrogen sulphide contained in the gas,
reacts with the ferrous sulpheate to form ferrous sulphide, This
reacts with nmore ammonia and cyanogen to form the insoluble jron-
ammonium cyenide, This substance present as a black nwud, is
filter pressecd and decomposed with lime to form calcium ferro-
cyanide, which is drawn off fror the residue and decomposed with
potassium carbonate yiclding potessium ferrocyanide. The ammonia
can be recovered by distillations

In cuse the ammonia has been pruviously removed from the gas
itii's necessary to odd sodium corbonate to the ferrous sulphete
sclution.

DRY QUENCHING OF COKE

By the ordinery or et quenching method, the coke is pushed
from the oven into a steel car which passes under o tower where i
is sprayed with water. This method is wasteful since the sensibl
heat of the coke is not recovered,

It has been suggested that this heat of the coke be recovere
This hus been successfully accomplished about three-fourths of th
heat being recovered as steam. Various other ndvantages ave
claimed, some of which are a clcaner coke, & coke which has less
tendency to shatter on cooling, more uniformity in size, and some
what better efficiency on combustion. The procedure consists
essentially of the discharge of the coke into & closed conbtainer
the heat of the former being utilized by radiation to boilers or
by heating circulating gases.

A method for the dry quenching of coke which has been succes
fully operated for severnl years on a large scale is described b
Fo J. Pfluke®. The coke is delivered to & brick lined, closed
container. air, from which practically all the oxygen hts been
removed, is pessed through the hot coke, and is ‘tllxen delivored %9
boilers where it serves for the generation of steam. :

By meking certain adjustments in the process, 506 pounds of
steam were produced per 1000 pounds of coke. The coke POSSC'_Ssed
e smeller average size than that produced by wet quenching, 1is T
resistant to handling, is cleaner, and is more efficiently burne
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Various intangible benefits were also sscured.

From an economic standnoint this process is claimed to be
very promising. When the value of steam is taken as 504 per
1000 pounds, the dry yueacher showed a return of over 20 per cent
on the inyvestmeunt. It is estimweted that the process will become
even more attractive as the coke production increrses,

RECOVERY OF PYRIUINE

Pyridine is fuund iu reletively small quantities in coal tar,
crude lizht oil and in the armonium sulphete.

“hen various frechions of il distilled from couwl tar are

.. Wweshed by sulphuric acid the pyvridine is rewoved in the scid sludge

. 88 pyridine sulphuric ncid., Pyridine is sonetimes recovered from
. the sulphuric acid washiigs of the licht oils (from coal tar or
from coke oven gas), fmaonia ges is passed into the solution

.and the latter is pertly siturated. The liquid separates into two
layers, the bottom one beins a solution of pyridine ammonium sul=-
phate., This layer is removed aud conpletely sutureted with
exmonia, The pyridine which collects as en oil is drawn off and
fractionated, o . s

_ Much of the pyridine can be removed frum solid ammonium sul=
phate by heating. A method for the removal of pyridine from

emnonium sulphate solution® consists of the steem distillation

of the solution. '

The heat which is liberated when pyridine sulphate is decom-
posed by armonia is said to be% enough to evaporate cnd distill
the free pyridine. -

Ethyl Alcchol From By~Product Gas

af'ter purification of the coke oven gas the illuminants still
present in the gos cmount to approximately 2.5 per cent. This is
nearly ull cthylene. Vurious atternpts huve been made to convert
this into ethyl alcohol, The usual procedure consists of bubbling
the gas slowly through hot concentruoted sulphuric acid. Some
provision is made to secuare rood contact between the acid and the
g8s. The acid is then removed, diluted and the ethyl hydrogen
sulphate hydrolized to alcohol by weter or steam. The alcohol
is recovered by distillation of the diluted scid solution,

Many attempts have been made to develop the above process
on a prectical basis. The chief difficulties lie in the impure
alecohol ordinerily reccvered, and in the expense of reconcentra-
ting the acid. Becuuse of these difficulties the process is not
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considered very promising at the prosent time.,
RECOVERY OF PHENOLS FROuM AMMONIs STILL VASTE

The purposs cf the earlicr work carried out along this line
was to remove the toxic substances from this material, so that
its disposal would not be a problen. Coke oven plants employing
the-direct system of by-product recovery secure from 20 to 25
gallons of still waste per ton of coal., The liquor conteins
phenols, sulpho and ferro-cysanides in quentities often anounting

to one or two tenths of a per cent. These materials are present

in sufficient amouwat to kill fish life and tou give a decided taste
to river water miles from the point where the still waste is dise
charged into the river,

E&flier attempts to purify the waste consisted of its use
for quenching coke, which was fairly satisfactory and adsorption
of the phenols by lignite peat, or animal charcoal, Bacteriolog-

ical processes were also developed., The bacteria found in ordi-

nary sewage possess the ability of destroying the toxic prop-
erties of the largely diluted waste,

Recent methods make an attempt to recover the phenols. The
usual method employed consists of extructing the crude phenols |
from the liquor by benzene, The phenols are then removed from the

benzene by sodium hydroxide solution vhich on acidification,

liberates the phenols, According to H. E. Jones5, phenols can be
extracted continuously from the crude liquor by motor benzene,
with an efficiency of 9% per cent. The phencls are then remcved
from the benzene by 23 per cent sodium hydroxide solution. The
sodium phenclete on acidification with 60°Be sulphuric acid gives
& crude phenol of the following volumetric composition: Fhenol
54 per cent, Cresol 23 per cent, Wuter 16 per cent, end tarry
matter 7.0 per cent.

The Germen cost of recovering the phenol by a similar process
is given as 5 cents per pound.

. V. RECOVERY OF WaSTE PKODUCTA IN THE REFINING OF TAR OILS

Tar, once a waste product, is now distilled and the distille-
dtes separeted into several fractions. The usual fractions are
approxirately as follows: (1) Up to 170°C. Benzene freaction,

(2) From 170°C, to 270°C, Creosote O0il fractiou. (3) 270°C. to
850°C. or 400°C, Anthracene oil fraction. (4) Residue - Pitch.

It should be uoted that the temperature ranges for the above
fractions are varied according to the market for the various Pro-
ducts, For example, if a soft pitch is desired for some special
purpcse the temperature muy be carried only to 350°C, or even
to 300°C, :
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The Benzene fraction contains Benzene and its homologues
Toluene and Xylene, ammonia liquor, small amounts of phenols,
pyridine and other impurities. The ammonia liquor is separated
and the oil redistilled, and then washed with about 5 per cent of
concentrated sulphuric acid, whereby, phenols, sulphur compounds
and unsaturated hydrocarbons are dissolved or resinified. The
impure acid settles to the bottom and is drawn off. The oil is
washed with water, and then with dilute caustic soda which dis-
solves pyridine and other organiec bases, the allkali liquor drawn
off, the oil collected and froctionally distilled. The fractions
may be collected, i.e., (1) First Runnings, up to 70°C. (2)
Crude Benzol, 70°C. to 170°C. (3) Residue above 170°C.

The first runnings contain carbon disulphide, pentene and
hexane. The crude benzol secured above may be rectified and
separated into pure benzol, toloul, and Xylol. If desired, the
benzol, toloul and Xylol may not be separated, the whole fraction
being sold as a motor fuel,

The creosote oil is allowed to stand, when large quantities
of napthalene crystallize out, and are separated by filtration.
The mother liquor contains consid erable phenol which may be re=-
covered by extracting with a 10 to 20 percent caustic soda solu-
tion. The alkaline liquid is drawn off from the oil and acidi-
fied, whereby, the phenol collects as an oil on top. Much of the
crude liquor, after removal of the napthalene, is sold for the
creosoting of timber, {

The anthracene oil is highly complex. The chief valuable
constituent is anthracene, which is present in relatively small
amounts ,

The pitch is the residue rémaining in the still and consists
of 50 to 60 per cent of the tar.

The products collected from the various fractions are used
for a great variety of purposes which inc lude insecticidses,
ammonia fertilizers, disinfectants, motor fuels, solvents, ex=
Plosives, dyes, synthetic perfumes and drugs and the creosotbing
of timber,

For further details on the distillation and refining of coal
tar, the reader is referred to a larger work.

4

RECOVERY OF .VARIOUS WASTES

Almost pure motor benzemne, sulphuric acid of a reasonable
strength, and a carbonaceous fuell has been recovered from the acid
sludge drawn off in the washing of crude benzene with conc. sul-
Phuric acid., The sludge is steam distilled, whereby, the benzene
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is distilled off, the acid liquor remoining is filtered from the
residue, which is soft and sponge like. The crude bonzens can bo
purified by washing and redistiilation, if desired. The acid
liquor contains 35 to 55 per cent sulphuric scid. The residue
could be used as o fuel, It contuins 74 per cent volatile matier,
25 per cent fixed cerbon and 1 per cent ¢sh,

Resinous produotsz have been recovored from the waste sule
phuric acid from benzene purification by extractiig with a solvent

Resins have buen recovered from benzene plant residued by
dissolving in solvent naptha, sepurating the insoluble natter
from solution, and distilling the solution to 150-~300°C, air or
steam being blown in to remove ndpthialens or other volatile
substances,

The scid can be recovered from the solid sludge by stewming,
On stonding the empyreumatic resin separctes out «t the surface,
The sclution is then filtered through coke cr ovther inert meterial
The collected ucid which is dark colored is approximutely 40~50°Be
and is used for various purposes. The resin can be collected
end distilled if desired,

The caustic soda solution from the washed benzene is somectime
worked up for the recovery of phenol. The oxcess alkali may be
neutralized with sulphuric acid recovered from the acid wash, or
by carbonic ccid made by burning coal. The phenol collects on
top. It is sepurated from the liguor end may be refined bv dis=
tlllatlon or uséd for creosoting, |

Caustic soda solution from the washed benzene is used to

sowe extent= directly as soda creosote for lnoze*natln% ‘mine
tlrbels.
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