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(b) Lessing Process for the Separation of Oils and Pitch from Tar.

For the purpose of recovering the highest possible yield of liquid oils from
coal tar and to avoid thermal decomposition upon distillation, Lessing
investigated the separation of tars of various character into oil and pitch
by means of solvents.  The fact that the asphaltic constituents of coal tar
are precipitated by petroleum ether was made known as early as 1869 by
Jacobsen.?* He found, however, that the pitch iz precipitated together

Fia. 75,

with part of the oil, forming a tough mass, which is diffieult to handle. Qther
‘attempts to remove pitch from tar by means of solvents also failed for lack
of sharpness of separation. . : -

Lessing found 24 that a perfect separation could be obtained if coal tar
is treated with a non-aromatic hydrocarbon fraction of suitable boiling range at a
temperature above the melting point of the pitch to be made and below the
initial boiling point of the solvent. He found that coal tars of any descrip-
‘tion, whether obtained at low or high temperature, in retorts, coke ovens,
gas producers or blast furnaces, could be separated at a temperature in the
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neighbourhood of 100° into hard pitech and oil. The oil from gas works or
coke-oven tar has a characteristic brilliant red colour, similar to that of bromine,
-and is of low viscosity. Primary tar and other low-temperature tars are of
less vivid red or brown oolour and, if containing paraffin wax, as in the case
of producer or Scottish blast-furnace tars, solidify at room temperature.
One of the main practical difficulties in the substitution of coal tar for
natural oil is due to the formation of sclid deposits upon mixing or blending
them with petroleum or petroleum products. This process provides a means
of overcoming this difficulty by the complete removal from-the oil of all those
compounds which are liable to such precipitation.
Fig. 75 shows a small working unit erected at H.M. Fuel Research Station

" at Greenwich. The plant is designed on the continunous principle. The tar,
from which benzol and naphtha have been removed by ‘‘ topping,” is fed
in a steady stream into the extractor, where it is brought into intimate contact
with the solvent. Pitch is precipitated instantaneously and is drawn off either
continuously or intermittently from the bottom of the extractor. The oil
solution passes into a fractionating column charged with Lessing Contact
Rings.?15  The oil is completely freed from solvent so as to comply with the
British Admiralty specification for flash point, and runs through the bottom
outlet into the oil receiver. The solvent vapours are condensed in a reflux
condenser and the condensate is refurned to the extractor withoubt being
cooled below the temperature of condensation, so as to effect the greatest
possible heat economy. The temperature differences between any points
of the plant are thus reduced to a minimum.

It has been found in practice that the plant can be run with a negligible
loss of solvent. In the case of low-temperature tars and any tars practically
free from aromatic compounds in their lower fractions, a full yield of spirit
boiling below the * cutting ** point selected is obtained by passmg the excess
vapours through a final condenser.

The extraction of tar acids and bases is effected while the 011 is still in
solution, so that a more rapid and cleaner separation is obtained than in the
direct treatment of tar oils.

Table LXXXVII shows the composition of different tars as obtained by
Lessing’s process.

The principal technicsel advantage of the process is that it affords s means
of obtaining the whole of the oil actually present in the crude tar without loss.

The tar oil can be used directly as fuel oil, Diesel oil or wood preservative.
It fuifils the condition of the Admiralty that home-produced oilss}mst be
capable of being added to the *“ common stock,”” mostly consisting of petroleum
oils, without forming any deposits.

On distilling the oil obtained by this process the ordinary range of tar
products is obtained. The degree of thermal decomposition can be controlled
much easier than in the distillation of crude tar; the process can therefore
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be applied with advantage as a preliminary stage in tar distillation, WhereBy
the throughput of a given still capacity is considerably increased, the fire
risk is reduced and the burning out of still bottoms is avoided.

Tapre LXXXVII

Coke Low-tem- | Low-tem- Mond Tully Blast

Type of plant. oven. perature. | perature. { producer. | producer. | furnace.

Coal used. Yorkshire. [Lancashire. Yorkshife. Staffs. Scottish. | Secottish.

Neutral oil . .| 5401 5593 66+0 3689 52:07 46449
Tar acids . . 818 24-41 17-4 1436 1603 29-53
Tar bases . . P ' 17 — . 0-58 1.43 —_
Totaloil . . .| 6219 80-56 834 | 5183 | 6953 75-97 .,
Pitch . . .| 8781. | 1696 14-8 4817 20.20 2365 .,
‘ 100-00 | . 9752 98-2 100-00 l 9873 . | 99-62 ,,

- In addition, the method of separating the tar without subjecting it to the
risk of thermal decomposition is of importance for the study of its composition
inasmuch as the tar can be subdivided into groups of compounds without
secondary change. The difference from the customary examination of tar by
distillation becomes manifest from Table LXXXVIII, upon comparing the
figures given for free carbon in the pitch from distillation and that obtamed
on precipitation.

Tasre LXXXVIIT

' Horizontal gas - Vertical gas
Type of plant. retorts. ) retorts.
Coal uszed. Yorkshire. Durham.‘ Yorkshire. | Durham.
Free carbon in : . % o L% o0
Pitch from distillation . . . . . | 5015 46-81 5296 | 42.24
’e »»  Lessing process . . . _ 33-61 34-08 18-38 24-67
Free ca.rbon caloulated for dehydrated ' .
tar
Pitch from distillation . ~. . . . 30-31 33.17 18-29 17-31
Lessing process . . . 19-78 20-41 515 - 716
* Found in dehydmted war . . . . 19-2% 18-78 6-46 . 6-07

'~ (c) Hydrogenation of Coal in the Absence of Oil
During the last two or three years a considerable amount of work has
been done on the hydrogenation of coal by the Bergius process, as distinct
from the hydrogenation or Berginisation of oil, which until then claimed the
almost undivided attention of those interested in Bergius’ proposals. Of
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importance are the papers 216 by Waterman and Korflandt, Waterman and
Perquin, Kling, Bruylants, Erculisse, Shatwell and Graham. Bergius found
it necessary to add an oil to the coal, partly in order to treat the coal in a
dispersed state and partly in order to simplify the technical procedure.
Bergius used for this purpose middle oil, or even coal tar itself. Waterman
and his collaborators carried out the Bergius reaction in a medium of paraffin
wax, after studying the behaviour of this substance in great detail; Shatwell
and Graham employed phenols, which they found to remain unaltered, as
was to be expected from Sabatier’s researches.

Tt is not within the scope of this note to examine critically or even sum-
marise the results of these researches; they are merely recorded for ready refer-
ence, as additions to the literature since the completion of the German edition.

The most recent publication on the subject is a paper by Franz Fischer
and Frey ®17; the interest of their work lies in the fact that they treated
various bituminous coals, brown coal and brown coal semi-coke without the
addition of an oil of any kind. Bergius had made his preliminary laboratory
experiments on coal alone®® and Fischer and Frey's results. definitely
eonfirmed the possibility of the liquefaction of coal under these conditions.

The coals used were Lohberg gas-flame coal, Osterfeld fat coal, English
(Shipley) and Silesian {Lipine) sand (non-caking) coals, Rhenish brown coal
and brown coal semi-coke. They found that hydrogenation begins at the
same temperature as the formation of primary tar; they concluded therefore
that the coal forms primarily gas, water and tar and absorbs hydrogen
simultaneously or subsequently. ~This indicated the way to separate the two
phenomena into carbonisation and subsequent hydrogenation of the semi-
coke, and also made it desirable, by the use of non-caking coal yielding
pulverulent semi-coke, to offer a larger surface to the action of the hydrogen.

In all cases hydrogenation took place, the yield of liquid products varying
with the type of coal, the temperature and hydrogen concentration.

. The yield of oils is larger than is obtainable by low-temperature carbon-
isation. The oils obtained are mot entirely hydrocarbons, but contain up to
20 per cent. of phenols. The phenols are not those belonging to or derived
from the primary tar, for they are also obtained in the hydrogenation of
tar-free semi-coke. The following were the yields from brown-coal semi-
- goke in one of the experiments, showing that it was converted almost entirely
into gaseous and oily products, leaving only the mineral matter behind :—

Water fod . . . 40grams = 8-5% N
0il distille off .. . 143 0, =300,
) . Sol}ible in benzene . . 7 2 ., = 15 2 40% oily products.
Left in autoclave { iz]illd.co?lbu-stﬂ?le 1."(351c‘1ue. zg . : 10 1 " } 169 solid residue.

Gagsandloss . . . . 143 ,, 301,,
’ 475, 100-0,,

—
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The combined products from three experiments with semi-coke gave a
steam distillate which after extracting 13 per cent. of phenols showed the
following boiling range :—

76° 110° 120° 130° 140° 150° 160° 170° 180° 190° 200° 210° 225° 230° 240°

Drop 2 4 & 16 24" 32 40 44 49 58 B8 T8 83 80

Non-caking coals (i.e., those containing a large proportion of durain) and
semi-coke are more suitable than caking coals. In principle, one may expect
corresponding results from the semi-coke of bituminous coals.

The-hydrogen balance showing the distribution of the hydrogen used in
each experiment, over the water, gas and oil formed, gives a telling picture
of the hydrogenation process. The tendency is for the hydrogen to form .
saturated gaseous products, but by judiciously increasing the pressure and
reducing the temperature, it is possible to influence the reaction towards
the formation of liguid produects.

The significance of the sulphur compounds in coal, to which Kling had
directed attention, was confirmed and the addition of metallic oxides such
as Ca0, MgO, Fe,0;, recommended by Bergius seems well justified in this
respeet. '

Fischer and Frey conclude their summary by advising the study of the
physical factors controlling the hydrogenation process in addition to its
chemistry and expect from this a considerable advance in our knowledge of
its mechanism. '

18
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ABsORPTION of unsaturated hydrocarbons from
primary gas, 43.

Accelerators {promoters) catalytic, 205,

Acstic aeid in synthol, 242,

Acetone by decomposition of ealeium formate,

by superheating of tar, 145.
for removal of paraffin wax from lubri-
cating oils, 100,
from ethate and carbon monoxide by
electric discharge, 203.
in liguors from coal and brown coal, 43.
in primary benzine, 40.
Acetonitrile in primary benzine, 40.
Acetophenone in primary tar oils, 40
Acetylens, and carbon monoxide,
sleciric discharge, 203.
conversion into liguid hydrocarbons by
Sabatier, 262.
polymerisation into benzine, 261.
Acids from water gas by contact processes, 207.
Activated carbon for gas benzine recovery, 160.
Astivation by alkali, 210.
Aleohols as fuels, 19.-
from primary gas, 46, 160,
§from ‘vlvg,ter gas by contact processes, 2086,

under

in prosynthol, 241,
in synthol, 243,
Aldehydes from water gas by contact processes,
207,
in synthol, 243,
Alkali, activation by, 210,
influence on synthot formation, 226.
Aluminium, internal coating of iron pipes, 118,
bronze for protection of iron tubes, 118.
chloride,. sction on naphthalene, 170.
. corrosion by primary phenols, 107.
oxide as accelerator, 207.
retort for carbonisation, 25.
for decomposition of formates, 212,
Ammeonia in liguor from low-temperature
carbonisation, 43.
Amyl phenol in primary tar, 41.
Anthracene, behaviour in tinned iron tube, 123,
Anthracens oil, behaviour in tinned iron tube,
121

Anthracitej Ey’ch‘ogenation by hydriodic aeid,
177,

by dodium formate, 183.
Antimony as contact material, 227,
Apparatus for phenol reduction, 124
for synthel process, 213.
Are, high tension electrie, action on hydro-
carbons, carbon monoxide and dioxide,
203.
hydrocarbons
rimary tar, 90.
Asphalt formation from primary tar by oxida.
tion under pressure, 1686, ‘
Autoclave, high-pressure, 179.

Aromatie from superheated

Bakelite from primary phencls, 108,
Barium formate, decomposition of, 213.
Barium hydroxide and iron as contact material,
285,
potassium hydroxide and iron as contact
meterial, 226.
Bases in primary tar, 41.
influence on synthol formation, 224,

2

-

i

Beilby process, 62.
Benzene from acstylene, 261,
by reduction of phenols, 117.
in neutral oil from primary taz, 40.
and carbon monoxide under
discharge, 203.
Benzene extract of coal, composition of, 20.
Benzene homologues, resistance to demethyla.-
tion, 123
Benzine, see also Motor spirit.
behaviour in tinned iron tube
by cracking, 15.
of priiilaary tar at ordinary pressure,
.under pressure, 146.
by d;zstructive distillation of primary tar
37.
by thermal decomposition of tar bydro-
carbons, 161,
from primary tar, composition of, 40.
Berginisation, 151, 162, 171.
compared with cracking, 157.
Bergius’ patents, 171.
Bitumen, 21.
Bliimner process, 149,
Brass, corrosion by primary tar phenols,
107,
Brown noal, heat of carbonisation, 56.
heating under pressure, 180,
hydrogenation, comparative, 189,
with earbon monoxide and water, 187
with hydriodiec acid, 178.
with sodium carbonate and hydrogen,
195.
with sodium formate, 181, 183,
yield of primary tar from, 28.
Brown coal creosote, reduction, 132,
flame coke, 53. :
gas benzine, composition of, 48.
paraffin, cracking, 142,
. semi-coke, coking with primary tar, 53.
Brown coal ecarbonisation tar, destructive
distillation of, 138.
Brown coal primary tar, composition, 28, 42,
density, 3.
destructive distillation, 31.
distinetion from other brown coal
tars, 34.
distinction from
38, 05.
setting point, 35, 39, 104,
working-up in high vacuum, 104,
working-up with superheated stesm,

vield, 286.
Brown coal primary tar phenols, reduction to
benzene, 135.
Brown coal tar, constituents insoluble in
petroleum ether, 36,
conversion inte aromatic tar,
113.
heating under pressure, 147,
Bryson retort, 63,
Burton process, 146, 150,
Butadiene in primary benzene, 40.
by phenol redustion, 184,
Butane in primary tar, 49,
Butylene in primary benzins, 40.
Butylphenol in primary benzine, 40,
Butylaldehyde in synthol, 243.
9

electrie

, 121.

-

7

primary cocal tars,
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Cesitm  hydroxide and irom as contact
materials, 224
laleium borate as catalyst, 205,
formate, formation and decemposition,
212.
decomposition by steam, 212.
hydroxide and iron as contact material,
224,
oxide as contact material, 217.
and finely-divided iron as contact
material, 222.
phosphate as accelerator, 205.
Calorific value, diminution m synthol forma.
tion, 237.
increase in phencl reduetion, 136,
of primary benzine, 48,
of synthol, 218, 247, .
Carbides, bydrocarbons from, 258,
Carbocoal process, 6.
compeosition of primary tar from, 40.
Carbolic acid in liquor from low-temperature
carbonisation, 43.
in primary tar, 41, 168.
increase by superheating, 145.
Cerbon, deposition of, during
reduction, 118.
gasification, 202.
hydrogenation of, 176. .
Carhon dioxide, end hydrogen in circulation
apparatus, 237.
and hydrogen in synthol formation, 221.
and methane in circulation apparatus, 241,
liquid for separation of phenols, 102.
reduction to methane, 204,
Carbon disulphide in primary benzine, 40.
in water gas, 231,
Carbon monoxide, addition compounds with
alcoholg, 252,
and acetylene or ethane, ethylene, benz-
ene, methane, under electric dis-
charge, 202, 203.
and methane in circulation apparatus, 241.
conversion into ethylene, 203,
conversion into liquid hydrocarboms, 210,
reduction to methane, 206, 209.
scission by nickel, 203.
Carbon oxysulphide in water gas, 232,
Carbonisation, by means of flue gas, 80.
heat of, 56,
Carbonising retorts as producers, 82.
Carthaus plant, 70.
Catalysts for cracking, 143.
for sthylene absorption, 46.
Cedford process, 204.
Cellulose, heat of carbonisation, 58. .
hydrogenation with sodium formate, 184,
Charcoal, hydrogenation of, 175, 184,
Chlorosulphenic acid for absorption of ethylene,

phenol

Cireulation, spparatus for continuous, 234.
Coal gas for phenol reduction, 121, 131, 136.
heat of carbonissation, 56.
hrydrogenation of, Bergius, 197,
depending upon geological age, 183.
mining, 15.
prevention of caking, 53.
world’s production of, 18.
Coal primary tar, bases in, 42.
caleorific value, 24.
changes by distillation, 96.

INDEX

Coal primary tar, composition, 27, 39,
conversion into colwe-oven tar, 166.
destructive distiliation, 139.
distinction from other tars, 38, 95.
in internal combustion engines, 94.
naphthalene in, 40,
naphthalene test, 30.
oxygen absorpbion by, M.
properties, 30, 04.
setting point, 94.
solubility in ether and petrolenm etlier,

32
specific gravity, 30.
superheating ab.ordinary pressure, 145.
utilisation as paint and lubricant, 94.
viscosity, 94.
working-up in high vacuum, 103.
yields, 25.

Coal primary tar phenols, see also Phenols.
reduction to benzol, 117.

Cosal semi-coke, 30,
ammonis snd sulphtr recovery, 55.
cornposition, 54.
eompression of, 50.
conversion into water gas or producer

gas, 54.
hydrogenation, 184.
sulphided for phencl reduction, 133.
utilisation as powdered fuel, 53.
ag smokeless fuel, 50.
addition to lean coal, §3.
volatile matier at different carbonising
temperatiures, 54,

Coalite process, 60, 263. ,

Cobalt oxide as catalyst, 207.

Coke for reduction of phenols, 136.

Coke-oven gas, hot, as fusl, 80.
tar, from primary coal tar, 166.

frorm vacuum tar, 30.

Coke, ** Grude,” 53.

Collidine in primary tar, 42.

Combustion after preliminary carbonisation,

Contact materials, influence of time-contact,
on synthol process, 209.
form of, influence on synthol process, 209.
of high thermal conductivity, 209.
Copper, -and potassium hydroxide as contact
materials, 217.
corrosion by primsary tar, 107,
Copper iodide as contact material, 228.
Corrosion of metals by phenols in primary tar
oils, 107,
Cracking, apparatus for, 140,
benzines by, 15,
eormnbined with hydrogenation, 151.
compared with Berginisation, 157,
influence of catalysts, 143.
of retort chargs, 148,
of carbonisadion tar, 143,
of paraffins, 150.
of primary tar, 140.
under pressure; 146,
Crescls in primary tars, 41, 110.
Cyclohexane, decomposition of, 91.
Cyclopentane in primary benzine, 40.
Cymene, behaviour in tinned iron tube, 120.

Decahydronaphthalene in neutral oil, 40.
Decalin, 171.
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Decomposition, heat of, 56.
Dehydrogenation of naphthenes, 91.
Del Monte-Evereti process, 64.
Demethylation of benzene homaologues, 123.
of phenols, 168.
Deutsche Mondgas Ges. plant, 85.
Diethyl-ketone in pre-synthol, 243,
in synthol, 243.
Dihydrofinorene in benzene extract of coal, 20.
Dihydromesitylene in benzene extract of coal,
20

Di_hydropreimii‘—ol, in benzene exiract of eoal,
20

Dihydrotoluene, in benzene extract of coal, 20.
Dihydroxylene in benzene extract of coal, 20,
Dimethyinaphthalene in neutral fuel oil, 40,
Dimethylsulphide in primary benzine, 40.
Diphenyl in tinned iron tuba, 120.
Distillegion, destructive, 146,
dr’® of fuels, 22,
of coal at high hydrogen pressures, 197,
of hydrogenated brown coal, 118.
of tars, 138.
under pressure, I48.
Distillation gas from low-temperaturs carboni.
sation, 25.
utilisation of, 82. .
Dodecane by hydrogenation of wood, 175,
of charcoal, 176.
Drying of coal, impoertance for oil recovery, 91,
influence on tar vislds, 93,
Durene in neutral oil, 40,

Ehrhard and Sehmer plant, 83.

Electric discharge, action on water gas,
methane and carbon monoxide,
ethane, acetylene or benzene and
carbon monoxide, 202,

Electrolytic treatment of lubricating oils, 103.

Energy relations in synthol process, 254.

Esterifcation of synthol aleohols, 245.

Ithane and carbon monoxide under eleciric
discharge, 203.

Ethyl aleohol from primary ges, 45.

in pro-synthol, 243, :
Ethylene and carbon monoxide under electric
discharze, 202.
from carbon monoxide, 204.
in primary benzine, 40.
Expansion coefficient, thermal, of cresols, 110.

Fatty acids by oxidation of paraffin wax under
pressure, 166. :
in synthol, 242,
Flash point, 106.
Formaldehyde absent from synthoel, 243,
by decompositicn of caleium formate, 912,
from water gas, 202, 203, 210, 251.
Formie acid for separation of primary phenols,

in synthol, 242.
Fuel, light motor, from gas flame ceoel, 164,
Fuel oils from brown coal primary tar, 113.

(as, absorption of benzol from, hy activated
earbon or silica gel, 18.
natural, as source of liguid fuels, 15,
far synthol process, 256.
Gas benzine, 44; 150,
from brown coal, 48.

Gas flame coal, see also Coal.
composition of primary tar from, 27.
light motor fuels, 163.
Gas liguor from low-temperature carbonisa-
tion, 23, 43.
Gas producer tar, setting point of, 36.
Gas producers, 85.
hot run with carbonising retorts, S1.
Gas purifieation for synthol process, 232. -
Gasification of carbon, 202.
Glycerin as solvent for phencls, 108.
Glyeol as sclvent for phenols, 108.
Glyeolaldehyde from water gas by electric
discharge, 202.
Greene-Laucks process, 61.
Grude, brown coal semi-coke, 54.
Grude dust for combustion, 54.

Heptane in primary tar, 40.
Hexahydrofluorene in benzene extract of coal,

Hexane, behaviour in tinned iron tube, 121.
by hydrogenation of wood, 173.
of charcosal, 176.
in primary tar, 40. .
High tension electric are, see Electric discharge,
203

Horizontal retorts, 64.
Hydriodic acid as catalyst, 174, 177,
Hydroaromatie compounds in primary tar, 40.
Hydrocarbons aromatic in primary tar, 31.
from earbides, 258.
from carbor monoxide in electric are, 203,
in brown coal primary tar, soluble in
petroleum ether, 3a.
in synthel, 244,
liquid, from methane and carbon monoxide,
210.

from water gas, 206,
unsaturated, in primary benzine, 40,
in synthol formation, 238.
Hydrochlfé‘igc acid for separation of phenols,

Hydrogen, ;;raparation by diffusion process,
136

Hydrogensation of anthracite, 177,

of brown coal, 179, 181,

of carbon and charcoal, 175.

of coal (Bergius), 197,
without oil, 272.

of coal, influence of geological age, 185,

of lubricating oils, 102.

of naphthalene, 170.

of peat, lignin, eellulose, wood, 183.

of phenols, 117, 158.

of primary tars, 158.

of sugar, 183.

with earbon monoxide and water, 187.

with eatalysts, 159.

with hydriodie acid, 174.

with gsodium carbonate and hydrogen,
193.

with sodium formate, 179.

without catalysts, 159.

Ignition point, 106.

Indene in primary tar, 40.

Todine as contact material, 228.

Iron corrosion by primery tar phenols, 107.
detrimental in phenol reduction, 118.
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Tron finely divided with caleium oxide as con-
tact material, 222,
with phosphoric acid, 226.
with potassinm and barium hydroxides,
994, 236, 299, 235,
with potassium cyanide, 226.
with rubidium hydroxide, 223, 224,
with various bases as contact material,
225,
Iron carbides as catalysts, 210.
decomposition by hydrochlorie acid, 259.
Iron nitride, possible formation in Haber
process, 285.
Iron ruiphide for preventing deposition of
carbon, 118, 133.
Isobutyrie acid in synthol, 242.

Ketones from water gas, 206.
in brown coal tar, 42.
in primary tar oils, 40.

Krey cracking process, 146.
axtraction process, 109,

Lamplough's retort, 76.

Lead, corrosion by primary tar, 107. '

Lessing process for seperating oil and pitch

irom tar, 269.

Light metor spirit from primary tar, 97.
recovery irom gas, 160,

Lignin hydrogenation, 183.

Lignite hydrogenation, 183.
vield of primary tar, 26.

Linck retort fitting, 83.

Lithium carbonate as contact material, 216,
formate as contact material, 213.
hydroxide and iron as confact material,

225,
Lubricating oils from brown coal primary tar,
105.
from tar, properties, estimation, yields,101.
decomposition by distillation of primary
tars, 96,
deterioration of, by
primary tars, 91.
hydrogenation of, 102,
by electrolysis. 103.
purification by means of sulphurie acid,

superheating of

regenem't.ion by heating under pressure,
8.
removal of parafin wax, 102,

Maclaurin gas generator, ¥8.
Manganous oxide and potassium hydroxide as
catalyst, 215. '
Magnesium oxide as promoter, 207.
phosphate as promoter, 207,
Melamid cracking process, 143.
Melene in benzene extract of coal, 20h
Mercaptan in primary benzine, 40.
Messel plant, 62.
Methane and carbon dioxide in cireulation
A apparatus, 240. .
and carbon monoxide, action of electria
discharge, 202.
in cireulation apparatus, 241.
conversion into liquid hydrocarbons,
09

from c.arbox;. monoxide and hydrogen,

INDEX

Methane, possible conversion
hydrocarbons, 262.

Methoxy! content of primary tar, 38,

Methyl alcohol by decomposition of formates,

into JYguid

from water gas, 211.
. in brown coal gas liguor, 43,

in prosynthoel, 243.
Methylethyl ketone in primary benzine, 40.

i prosynthol, 244,
Methyleyalohexane, decomposition of, 99.
Methylmercaptan in primary benzine, 40.
Methylnaphthalene in neutral fuel oil, 40.
Methylpentane in primery tar, 40.
Methylpropylketone iz prosynthel, 244.

in synthol, 243.
Molybdenum earbide as catalyst, 210.
Mond gas, 83.

produser by Thyssen, 81,

tar, 33.
Montan wax, 21, 169.
Motor fuels from primary tars, 160.
Motor oils from primary tars, 97.

Naphthalene, absent from brown coal primary
, 35,
from neutral tar oil, 40.
action of aluminium chloride on, 170.
behaviowr in tinned iren tube, 121,
hydrogenation of, 170.
Naphthalene percentage of primary coal tar,
test of primary coal tar, 22, 23, 30.
Naphthenes, dehydrogenation of, 90,
in primary coal tar, 31.
Naphthene hydrocarbons in benzene extract
of coal, 20. ‘
Naphthot in primary tar, 41.
Natural gas as source of liquid fuels, 15.
Natural oil as sourvee of liquid fuels, 16,
formation from water gas, 249,
genesis, 250.
naphthalene in, 50.
naphthenic, from primary gas, 43.
World’s production of, 16.
Nickel as eatalyst, 203.
and potassium  hydroxide as
substance, 228,
corrosion by primary tar phenols, 107.
silver, corrosion by primary tar phenols,
107.
Nielsen rotary furnace, 78.
Nitrogen, synthol formation in presence of,
219.

contact

Octane in primary tar, 40.

Qil from tar, by Lessing process, 269.

Oils, natural, see Natural oil. .

Oils by decomposition of calcium formate,
212,

Optical activity of hydrocarbons extracted
from coal, 49.

Osmium oxide as ecatalyst, 207,

Palladium ss catalyst, 204.
Paraffin wax behaviour in Berginisation, 155.
conversion into fatiy acids by oxidabion
under pressure, 166. .
cracking, 140
from primary tar, 98,
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Parafiins in primary coal tar, 30, 33.
in vgrious primary tars, 26.
Parker plant, 263.
Peat, hydrogenation with soditm formate, 184.
yield of primary tar from, 27,
Pentane in primary benzine, 40.
Pentene in primary benzine, 40.
Perhydroacenaphthens in neutral fuel oil, 40.
Perhydrofluorene in neutral fuel oil, 40.
Petroleum bellaviour in tinned iron tube, 121,
genesis, 250, se¢ also Naturel oil.
Fhenols, corrosion of metals by, 106.
decresse by destructive distillation, 140.
by oxidation under pressure, 155.
percentage in primary coal tar, 31.
* in various primary tars, 26.
unsaturated in primary tars, 41.
purification from sulphur compounds, 117.
reduction of, 117, 163,
in tinned iron tubes, 118.
influence of quantity of hydrogen,
22.

of temperature, 121,
of various gases, 122.
on larger seale, 124,
separation by means of superheated water,
116, .

suitability of, for reduction, 120.
Phosphoric acid and iron as catalyst, 226,
Pieoline in primary tar or brown coal, 42.
Pintsch process, §7.

Pitch from primary tar, 98.
by Lessing process, 269.
Potash lime as contact material, 215.
Potassium carbonate as catalyst, 207.
cyaaide and iron as contact material, 228.
hydroxids, barium hydroxide and irvon
&s contact material, 226.
hydroxide and copper as contact material,
217.

and iron as contact materigl, 217,
224, 229, 235.

and mangancus oxide as conbact
material, 218,

and nickel as contact material, 229,

and zine oxide as contact material,
217, 221.

phosphate. and iron as contact materigl,
228,

silicate and iron as contact material, 226.
Preliminary carbonisation, 87.
Premier Tarless Fuels Lid. process, 60.
Pressure curves of Bergius process, 155.

of cracking, 155.

heating under, of brown coal, 180.

of brown coal tar, 147.
oxidation under, for tar oil purification,
: 164

of paraffin, 166,
Primary benzine, 43, 45, 123, 212,
as mator fuels, 47.
acetone in, 40,
benzene in, 49.
calorific value, 43.
compared with motor benzol, 48.
composition, 40.
density, 40.
stability in the cold, 48.
Primary gzs, at different coking temperatures,
44,

283

Primary gas, calorific value, 43,
composition, 43,
hydrogen content, 44.
utilization, 45.
Primary tar, see aiso Brown coal and Coal
primary tar, 24,
changes by distillation, 94.
differeniiation from other tars, 30.
from Carbocoal process, 40.
hydrocarbons, behaviour in tinned iron
tubs, 121.

. relation o petreleum hydrocarbons, 50.
importance as raw material, 173.
industrial development, 58.
insaluble in petroleum ether, 37.
methoxyl content, 38,
olls, composition, 40.

hydrogenation, 158.
purification by oxidation
pressure, 164,
reduction in tinned iron tube, 123,
refining with concentrated sulphuzic
acid, 99,
viscostty increased by electric dis-
charge, 103.
phenols, see aizo Phenols.
bakelite from, 108.
composition, 41,
hydrogenation, 158.
reduetion on large scale, 131.
separation by formic acid, 108.
by caustic soda, 108,
solubility in sodium sulphide, 110.
preparation in laboratory, 24,
reiatiogn to coke oven tars and petroleum,
4 ‘

under

removal of phenols by caustie soda, 100.
by superheated water, 110,
tests for lubricants, 102.
utilisation and working up, 94,
working up by distillation at ordinary
pressure, 97.
by superheated steam, 100.
without distillation, 94.
yields at different esrbonising tempera-
tures, 28.
of distillates, 101.
Producer gas, $3.
diminution in calorific
separation, 84.
Promoters, 205, .
Propionie asid in synthol, 242,
Propyl aicohol from primary gas, 48,
in prosynthol, 243.
aldehyde in synthol, 243,
phenol in primary tar, 41,
Propylene in prirnary benzine, 40.
Prosynthol, 255,
composition of, 254, :
Pseudocumene in neutral fuel oil, 40,
Pyridine for extraction of cosl, 20,
in primary tar, 41.
occurrence during phenol reduction, 133,

value by tar

Pyrocatechol in carbonising liquor of coal and

brown coal, 43.
in primery tar, 41.

Ramdohr Process, 76.
Resin  formetion during
"pressure, 168.

oxidation under
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Retorbs for internal heating, 76.
infiuence of design on products, 89,
vartical, 60.

Rolle furnace, 62.

Rotery retorts, 71,

Fellner and Ziegler, 73.
Fusion, 75.
Kohlenscheidungs-Ges., 75.
Méguin A.-G., 75.

Thomas, 76.

Thyssen, 71.

on counter-flow principle, 90
with lining. 76.

Rotating drum, 25.

Rubidium hydroxide and
material, 223, 227.

iren as contact

Seidenschnur process, 80.
Semi-coke, see Coal, Semi-coke.
Setting points of primary brown coal tars, 36.
of primary tars lowered by distillation, 98,
of producer tars, 36.
Setting points of synthol, 247.
Siliconiron. corresion by primary tar phenols,
107.
Sodjum for sulphur purification of primary tar,
159

Sodium formate for hydrogenation, 159, 179.

Sedium hydrexide and iron as contasct material,
224. :

Sodiume sulphide as solvent for primary tar
phenols, 119.

Stronium  hydroxide and iron as contact
materialy, 225.

Sugar, hydrogenation of, 184.

Sulphides in primary benzine, 40.

Sulphiding of iron tubes, 119.

Sulphur in primery tars, removal by sodium,
16

2.
Bulphur dioxide, liquid for coal extraction, 20.
Sulphuretted hydrogen in water gas, 232.
Superheated water for separation of phenols,
110.

Superheating phanomena in rotary furnaces, 90.
Superheating of primary tars, a1.
Surface influence in phenol reduction, 134.
Synthetic processes.for oil preparation, 202,
Synthin, 255.
from synthol, 248.
8ynthol, 202, 9254
boiling point, 244, 247.
calorific value, 247,
eolour, smell, density, 244.
composition, 248.
content of aleohol, esters, hydrocarbons,
244.
conversion into synthin, 248.
decomposition ab atmospheric pressure,
248,

formation, influence of temperature,
pressure, gas velocity, 232.

from carbon monoxide and water vapour,
213. :

properties depending upon gaseous atmo-
sphere, 2329,

INDEX

Synthol setting point, 247.
with nickel catalyst, 228.
Synthol alechols, esterification, 245.
Synthol as motor fuel, road tests, 246.
Synthol-benzol mixturs, road. tests, 247,
Synthol process, industrial possibilities, 255.
theary of, 25&.

Temperature, influsnce on synbthol formai;ion,
232.

Temperature control in synthol formation, 214
Tetralin, decomposition, 90.
for extraction of conl, 20.
preparation, 171
Thermal balance of synthol process, 236.
Thiotoluene in brown coal tar, 42.
Thomas rotary retort, 76.
Thoria as promoter, 2035,
Thyssen rotary retort, 71.
Mond gas generator, 8L.
Tin in phenot reduction, 118.
Tinned iron tubes for phenol reduction, 118.
attack by carbon monoxide, 118,
Toluene, behaviour in tinned iron tube, 121.
from reduced phenol, 117,
in neutral oil, 40.
Tricresol, reduection, 132.
Trigas process, §7.
Tungsten carbide as catalyst, 210,
Tunnel kilns, 63.

Ulmie acids, hydrogenation, 183.
Urbenzin, see Benzine.

Urgas, see Primary gas.

Urteer, see Primary tar.

V2A steel, corrosion by primary tar phencls,

07.
Vacuum distillation of bituminoeus coal, 22.
of brown coal, 22.
Vacuum tar converted into coke oven tar, 167.
Vertical retort tar, naphthelene content, 34.
properties, 32.
Volcanic gases, composition of, 250.

Waiter, superheated for phenol recovery, 110.
Water gas, behaviour with alkali-iron catalysts
at ordinary pressure, 253.
conversion into synthol, 221.
jnfluence of its composition in synthol
process, 229.
rich in hydrogen preferable for synthol
formation, 231.
Water vapour, superheated, as heating agent,
Hh

i
Wood, heat of carbonisation, 56.
hydrogenation, 174, 184.

Xylene in neutral oils, 40.
Xylenol in primery tar, 41.

Zine, corrosion by primary tar phenols, 107,
Zine oxide as catalyst, 209.
and potassium hydroxide as catalyst, 217,
221.



