the expert there being Dr.Ipfelkopfer. Lurgi has had no experience witr
the use of charcoal or other absorbents for selective fractionation
of different types of hydrocarbons.

VI .CARBONTZATION.

Lurgl Gesellscheft F8r WArmeteclmik hss developed improvements
in the carbonization of fuels emplaying the "Sphlgas" or direct heating
principle =nd, in association with Krupp of Essen, a low-temperature
carbonization effected by indireet heeting of the fuel in closed meteai-
welled cells or ovene having each an average width of between 70 to
160 mm. Accoarding to Dr.Feine's expressed opinian, the former process
is the most satisfactory for briguettes and the latter method and
apparstus for the processing of weakly-coking coals to provide coke
of rugged structure having a residual content of about 1(F volatile
matter, or less. :

A. Spllgasg P;;ocesg,

This process of Lurgli was developed primerily for the
low-temperature carbonization of lignite » trown coal, xylite and lump
fuels having a water content of 25-30%. Eartly German brown cosls
having a water content of 50-65% hmve been slso treated but, since
they are crumbly and -Gisintegrate rapidly on heating, they are first
briquetted (without a binder) and then carbonized. O©L1 shsles ’
torbanite and cennel coal can be cerbonized with very satlsfactory

results. Long~-flame younger coasls cean be processed ranging from those
that dieintegrate to those which cake slightly on heating.

-

Dr.Heine alse explained thet the Splllgas process had been
applied successfully to bitwminous coel. At Blechhammer, the 4,200
tons plant (300 toms per generator per dsy) had 5 generators opsrat-
irg on slightly-coking coal meking hard coke for transport producers
and the production of hydrogen. The Meurice index of the coel wag
12 and the fines were briguetted with 4% sulphite lye and pitch
before carbonizing. The tar (1G% yield) was divided into asphalts,
acids and "Navy oll® over 230°%. (6/7 per cent). The economics of
the process were termed Ydoubtful®, when hard coke sold for 22 RM,
L:xgl coke brought 25 RM and producer fuel 28 RM; the cost of the
coel wag 15 R, Obsclescence was taken at 2 to 3 years.

In the Lurgi SpHlgas process, the emplayed coal is treat-
ed successively to drying, csrbonization snd cooling steps in -
retert of specisl design, the latter step belng so arranged thst the
beat romeved from the cooled coke is retiwgned to the carbonization
zone.  The above three process steps are cerried out in zomes thet
zye verticslly disposed in respect of each other in the retort which
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-modification of the process is of valus on

is open st the top (the hopper) and closed at the bottom by the coke-
discharging mechanism. In both the drying zone and the carbnizing
zone, the descending flow of fuel is treated successively in direct.

contact to separate clrculation of gases that are appropriately pre-

ecusly and thereafter inttoduced inte the circulsted gases. ¥anifestly,
there is considerable aifference in temperature between the two cir-
culated gas streams; the circulated gases of the drying zone are
usually preheated to about 200-250°C, whereas the chosen temperature
of those gases circulated into the carbonization zone depend upon the
charscteristics of the fuel being carbonized and the temperature at
which it is best treated, but the usually emplayed temperature is with-
in the range of about 495° 4o gs5po, although in special instances,
where it is desired to produce a coke having a volatile-matter of

from 3-5%, it is fessible to employ preheating temperature of about
800°C, which increases the hardness of the coke; the tar-yield however
is not appreciably affected by the tempersture of carbonization.Gases
leaving the carbonization zone are passed through condensers, tar-
extrzctor =nd Yight-oil serubbers before their return to the carbon-
ization zone. The greater portion of that recirculated gag recycled
into the carbonization zone is first, by special construction of the
automatic coke~withdrawing pockét, admitted into contact with the hot
coke leaving the carbonization zone for cooliny the latter; a small

portion of said circulstion gas supplies the two combustion chambers
whereby those gases, admitted to the carbonization zone and the
drying zome, are heated.

In consequence of the above method of ‘heating the circulateqd
gas-gtreams, the formed carbonization gases are of ¢

combustion products, but they comprise a relatively

the total, and the mixeq product, in the case of brown coals, burns

ation gases in undiluted form, heating of the recycled gases is ‘effected
by cembustien-products in indirect contact in tubular heaters, This

1y for those fuels yielding
gases containing little carbon dioxide_. :

In result, the amount of cm;busﬂon-—pz-oducts reg

recycled gas for heating purposes is relatively smmll
gas that are required te be handled in the condensing,
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‘moving parts in or between the zones so that the retorts are relative-

- fractionslly to condense the tar. The gases leaving the retorts ars

factors.

The shafts of the retorts, as above-mentioned, are open at
the top and some of the circulated gases from the drying zone are
continuously discharged therefrom - they comsist principally of com-
bustion products and steam snd contain little free oxygen. The retort
shafts are operatively divided into three zones and the fuel moves
freely from the one to the other. There are no closing devices or

ly compzct. The gas off-take must be large to minimize the amount of
dust carried into the condensing egulpment,

The preferred size of carbonization zone has a capacity

'not in excess of 250-350 tons per day. Lerger size installations

present problems of distribution of materials and heazt so that there
may resuli unegusl carbonization throughout the charge. For larger
capscities, it is advisable to build severzl unit retorts having each
the above capacity. It has proven feasible to supply at least two
retorts from the ssme combustion apparatus and with the same off-take
meins.

In the cases of younger coals which disintegrete on heat-
ing, and the formed small-sized coke has only low market value, the
fuel is briquetted in, for example, a Krupp ring-roll press; the pro-
duced briguette coke is of lump size and is a more desirable product.
In the briguetting, after the fuel is ground and dried by comtact witn ?

bot combustion~products at a temperature of 900-1000°C, to 2 molsturse
content of 6-106, it is introduced into the ring-roll press =as a
powder and briquetted at a pressure of 30,000 to 35,008 1bs/sg.in.
These briguettes are then used as the charging stock to the SpHlgas
retorts. They elther retain their shape during the carbonization
process or break into = few large pleces. It is claimed that the re-
sultant product is a dense, abresion-resistant fuel., This method of
briguetting is claimed to be more ecanomical than by briquetting after
carbonization. ' :

- In large plants of the "Spugas‘ type, it is customary

removed by Cottrell precipitators. The gas is next cocled to 20-39°9C.
and the light-tar fraction condensed and finally the light oil is

removed in an oll scrubber. Thereafter, circulating gae is returned :
to the carbonizing ovens for recirculation through the fuel charge. ]

first freed of dust and then cooled to sbout 100°C, and the heavy tar '

Successful operation of Spllgas plants depends upon uni-
form distribution of heat over the treated fuel, and to effect this t

result, malntenance of definits particle size and the treatment of a
fuel that is either non-coking or only weakly so, are important
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The following
and Heat Balances for s

bricuettes containing 16% wate

Fischeroﬂsmgellassqy¢

Input

Brown cosl Briguettes
#ir for combustion

Total :

- Outout,

Semicokes
Surplus gas *
Refined tar
Light oil (below 200°C)
Liguor
Residue
Gas loss
Heat in cooling Hp0
VWaste gzses
s

Total:

* 7400 cu-ft./tom (

Garboﬁization
lemperature

(Gas entering carbeni-

- zation zome)

850°¢
59
4959

dataz are given ss characteristic Material

Lurgi Spllgas plant operating on brown coal
r and 14.3% tar, as determined in the

1.900 89876.6. 99,32
0,425 8.1. 0.08
1.488 9884,7 106.90
0,445 5627.5 56.96
0.253 676.7 6.84
0.116 2086,9 21.10
0.023 434,0 4,39
G. 051 2.9 C. 05
2,009 122.2 1.23
G. oo 12.4 0,153
225.9 2.28
. 487 185.3 1.88
0. 916 510.9 5.16
“1.495 9884.7 100,90
3C m.GQ‘T.)
cLer, S Zag-Process T
Disgillat;un
. Incl
Excluding Light 01l Licht 0i1.
Up to Upto Up to TUp to
180°C. 320%, s250C, 32590,
104% VOIQ 43.8% 47.4% 52.“
1.4 vol. 44.5% 46.5¢ 48.5%
1.6% vol 45,3% 48.14 48.1%
-2l~
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Characterigtics of a Typicel Spulzas-Process Tar (Comt.)

Carbonization ‘ Creosote & Asphalt
Temperature Contents of Tar.
(Gas entering carboni- (Excluding Light
zation zone) ’ 0i1).
' Cresosote Asphalt
850% 14.5% wt. 2.3% wt.
590°C, 14.8% wt. 1.6% wt.
495°C, 15.2% wt. 1.8% wt.

‘ The low-temperature tar obtained by the carbonlzation of
lignite and bright brown coals is mostly distilled to give fuel oll,
Dresel oll and impregnating oils; it is also used as a source for pure
phenocls, Considerable quantities of the tar are used as raw stock for
high pressure hydro-genation by the I.G.Farben methods to produce moter
fuel, Diesel o0il and lubricating oil.

The low-temperature tar from the SpRlgas process can be, by
hydrogenation, te the extent of BGE converted into gasoline. It can, at
a pressure of 250 atm. and 400-450%C. and with orly 1€ loss, also be
converted into -

Gasoline 208
Diesal 0il 39%
Lybricating 0il 17.5%
Paraffin 13.5%

The largest SpHlgas Plant built by Lurgi has a throughput of
12,500 tons per day of brown coal, The coke from this particular plant
is used primerily for the production of steam in an adjacent power plant.
Tue remalnder of the coke is gasified to produce water gas and hydrogen
which is used for the hydrogenation of the low-temperature tar.

Cold E ' O £ T Rf .

Experimental work has been done by Lurgl on cold extraction
methods for tar. Plants were under construction at Hirschfelde and
Altenburg. The process had been applied only to brown cosl tar and
involved:-

(1) Extraction of the tar with amyl and butyl acetates to
remove phenols;
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Dr.Herbert explained that this research work had been dome

his laboratory on Mouson Strasse in Frankfurt.

~Temperatyr r 1 Indirect H t .

In asscciation with Friedrich Krupp A4.G., Essen, Lurgi
developed a new type of oven for distilling at low-~-tempsrature
static vertically-disposed beds of coking or weakly-coking coels
in small or nut sizes, or of briguetted fine coals, by indirect
contact with hot combustion gases, This new distillation oven is
based an emplayment of metal-malled cells as the coking chambers,

The coking Spaces of the metallic cells have each an
average width of about g5 m; they are about 75 mm. wide at the top

&re welded in a special manner (not learned by the investigatars}g
This subject and technology should be further investigated. Sope
years of operation in large-scale, it ig claimed, have occagloned
no bending or warping of the cell ®%alls and periodie metallurgicsl
tests made on them have shown that their original structure hasg




remained unaliersd snd that no aliiterstion in the carbou conlent

_of the steel mes been detsrmined.

Heating of the metal ovens and their individual coal
cells is effected by g¢irculating hot products of combustion through
those heating spaces that alternate with the coking spaces. These
circulated hot gases enter the ovens at a temperature of about
600-5620%C. at one face and suffer a drop in temperature of about
40° to 60°C. at their outlets =t the oppesite face; the gases
are then returued te the lnlet side of the ovensz and there re-
heated ly admixture with botter combustion-preducts before rsturn-
ing to the coking chsmbers. Thus; all required combustion for
heating purposes is performed out of countact with the metallic

‘walls and the gases coming into contact with them are limited to

an oxygen content of less than 0.8 to 1.06%; by means of oxygen-
recording apparatus the oxygen content of the combustion-products
is constantly supervised in order to protect the cell walls. Alse
there has been no evidence that sulphur compounds in the heating
gases have attacked the cell metal.

In the heating-gas system, the recirculating fens for ths
heating gases are of special constructlion and the movable parts
such as the shaft and fan-blades are formed from special steel
which it is claimed has been satisfactory. The construction,
manufacture and identity of the employed stesls should be deter-
mined by investigators. The cells are provided, in the heating
system, with guide-plates (FBhrungsblechen) adapted so to direct
the hot gases that the lower wider portions of the single cells
with their larger content of cozl are heated to a higher tem-
perature than the upper portion but in accordance with the
vertical taper of the cell to produce uniform heating frem the
top to the bottua thereof and a wniform carbonization through-
out the cells. Jooler combustion-produchts that zre ocutlet to the
heating spaces are displaced from the heating system in a quantity
equivalent to the volume of fresh-combustion products that are
added for reheating purposes. The hot purged gases still have a
cansiderable heat content that can be emplayed for a wide variety
of purposes.

The low-temperature coke is discherged froum the cells as
large flat plates of wniformly rugged structure throughout. It
was stated that in the drum test 76.5% of the coke was over 40 mm.
and produced only a minor smount of breeze on crushing. The coke
has 8-1¢ volatile matter and depending of course on the cheracter-
ictics of the treated coal a heating value of 80GO-840C kecal/kg.
based en the ash-{ree coke. It is smokeless bhurning; slso depend-
Ing uvron the characteristics of the coal, the coke yield is 75 te
85% bty wt. of treated coal. The steatement is interesling thet,
in contrast to high-temperature coking procedure, the bhest low-
temperature coke macde in the metz1l ovens is tlmt prepared from the
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larger sized coal rather then from the finely ground.

The following table shows the sige composition of gasg
or gasflammkohle suitable for use in the Krupp-lurgi cells:-

Gtolm 30 to 40K
1 to 3 mm. “ 36 to 4(F
S to 6 mm. 20 to 3K
6 to 1¢ mm. s%

\ The low-temperature tar ig rich in oils ang is practically
free of dust and has a low content of pitch. ' o

The distillation gas has a gross heating value of 7800-8200
Keal/m® and a relatively low hydpogen content. Depending upon the
coel, the gas-yield is 70-120 Nm /ton,

The ammonis content is so low that no provision is made for

its recovery; the €38 18 merely water-washed for ite removal,

The f
ed in the Kruppe. urgl metal cells ang in high-texmperature coke ovens

processing one ton of the same dry Ruhr-Gas-Fettkohlen mixture having
27% volatile matter:— '

Carbopization,
Low-Tepperature., Eigh Temperature
820 'kgsfmke (ary) . 750 kgy Coke (dry}
9C Num¥ Gas 3 320 Nn® Gas
. 8000 Kcal/Nn® (grose) _ 4600 Kcal/Np® (gross)
11 kg. Crude Gascline 11 kg. emmonium sulphste,
60 kg. Ter usesble as 9 kg. Crude light oil
heating oil, 34 kg. tar.

ollowing table gives a comparison between yields obtain-
L:

s s




Normsl Digtillatiop Normel Distillation

of the Tar. of the Tax,
About 1% water About 2-4% Water
3-4% Crude Gasoline ., €.8-1.2% Crude light oil
15-20% Acid Cils 4-6% Middle oil
"37-47¢ Fuel 011 7.10% Heavy oil
30-4C% Pitch 20-25% Anthracene oil
4-6% Naphtbalene
55-60% Pitch

The values in the fellowing table show the characteristics
of the lew-temperature coke obtained in tlhe Krupp-Lurgi cells when
opereting on a high-volatile coel of low-ash content.

The Conl:=-
ippro:dma'be analyelsi-

Fater 8.2%

Ash 3.24%

Volatile matter 22.4%
Screen analysisi-~

¢ to 1 mm. 38.7%
1 to'S mm. 34,49
3 to 6 mm. 23.2%
6 to 10 mm. 3.7

Bulk Density Molst Cosl (<846 to 1 m>

The T erature Cokes—

~

Approximate enalysis:-

ash 3.76%
Vol. metter 9.1%4

Ultim te analysisi- (ash-free basis})

6arbon 91.45%
Hydrogen - 3,76%
Sulphur 0. 95%
Heating Value (ash-free basis) - 824G Keal/kg (gross)
Ignition paint (air) 396°C, .
Porosity 59.4%

- .
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Drum Test:-

Over 40 mm, 76.5%
Size of the Crushed Coke:-

Over 4€ mm. - 77,2%

43-26 . b 9.%
20-1& mMMe = 3-&
10"6 Ims. - 20“
Below 6 mm. - 7,29

A typicsl low-temperature tar obtsined from mixeq coels showed the
following cheracterietic analysiss-

First Drop - 97.5%
tO 2@00. - 30&
2000 to 2300C, - 12.5%
236° to 270MC, - 13.5%
276° to zgooc, - 10.0%
300° to 360°%, . - 21,5% -
60.5%
Specific Gravity - 1.058
Viscosity 20°C, 359 g,
50°C 4,5% E

Pour Point (Steckpunict) minus 1°c,

828ily used for fuel in slow and moderate Speed Diesel motors. Ahout
10% of the Diesel oil fractions are carbolic oils having a relatively
large content of meta~cresol, The high—boiling t;ractions of the tar are
especially valusble, because of their high hydrogen content » as raw

The coking time ig about 6 hours for the substantially
3.5 in.thick cell charges.
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Gas formed by the process of coal distillation on a mixture
of 75% gas coalt+ 25% Fettcoal has the following analysis:-

Carbon dioxide - 4,.5%

Cn Hon - 2.:; F
CxHy - 0. ‘
Oxygen - 0.2%

Carbon Monoxide - 3.5%

Hydrogen - 23.8%

Ethane - 13.6%

Methane - 46.1%

Nitrogen - 5.08

Denaity - 0,806

Gross Heating Value - 8137 Kcal/m®

The gas driven off the low-temperature coke by heating the
same to 1000°C according to the lsboratory mothod of Bauer has the .
following analysis; it amounts to about 225 m® per ton of said cokes—

Cx B ¢ K 4
" Car Monoxlide - 7.4%
Hydrogen - TN.2%
Methane - 12.5¢
Nitrogen - 2.0

Groes Heating Value 3840 Kcal/mS,

The Krupp-Lurgi metallic coking cells were developed for coking
at low-temperature of between 500-600°C. both coking and weakly-coking
coals. Most any such coals as exhibit ability to form coke can be pro-
cessed in them. Non-coking coals preformed into egg-shaped briquettes by
means of bltuminous binders, and the like, have also been processed to
advantage and the coking time is reduced to about 65% of that required
when the cells are charged with the same coal in wmbriquetted condiiion.
This fncressed capacity in many cases covers the cost of the brigquetting.

The philosopiiy' behind the development of this type of coking
oven or cell has been stated as followss-

The forming of a good- low-temperature coke depends upon a
sufficiently rapid inflow of heat into the cells, between temperatures
of 350° and 450%C., to bring all portions of a charge to the melting
point about simultaneously. The good heat conductivity of the metal walis
and the relative thinness of the charges mekes this possible.

The more rapidly the temperature is raised, the more quickly ail
constituents thst take part in the forming of the coke exert their efrects
and the less opportunity the dlvers constituents heve to exhibit any
possible distinctions in their reactivities such, for example, as differ-
ences in preyprincipal- and post-gasification temperatures and to
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