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INTRODUCTION

. The writing of this paper intends to give a general
picture of the technical methods which have been developed
in. Europe for the production of motor fuels from coal and
'n11l shdle, Tetalled. descriptions however, have been-given
only of-those orocesses, which have not been described in*
literature yet and as far as. they can be considered as
methods.—to which can be attributed special new features,
which might give such a process a chance to contribute to
the solufisn of the technical problemseven if they will
ctill need--many years of experimenting, . Methods, which
‘may have somé-local. use in spite of sSmall capacity and
extraordlnary high labor requ “rements have not been con—.
~sidered worth while for: UNS”A:TSCaIE“hf productiﬁﬁ‘ﬁﬁa fhe

»15bor'con¢1tldﬁs~of this~country, . -

_ Investmen% and production cnst of several processes

have been given,. but 1t is -natural,-that-such figures com-

. prise- mostly_typlcal methods w1th'which the author had to

. do -ersonally. These- flgures shouild therefore be considered

as an 1ntroduction{and a base for~the discussion, exmphE‘eco-,
~‘nomical guestions of the fuel prnblems -and of“theirelative -
‘-suitabllity of”the“various‘typical~methnds withfrESpect~to———

the raw materials and the condltlohs of nroductlon and con-

- . “The author's general experlence w1th operating plants,
of the various methods and viewpoints-—gathered from- prnspect—
“ing-and- developlng some\bf -the-latest--big-plants, which. Jhaye
been erected in Burope, have been communlcated in thls Daper.

© 1% has been tried then to examine the resources ‘of - U'S A,

: and the sultability of- the various technical methnds for utiliz—
1ng ‘those—raw materlals for a. slowly increasing procuctlon. At
motor fuels 1n case of an insufflclent supply of ks tural oil
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Ed HISTGRICAL DFVELOPMENT IN FUROPE

1850 - 19lh ‘The distillation of solid bituminous minerals has its origin
in the lack of 0113.“nd fats for illuminating purpose. The
highly bituminons 7 -nites of central Germany called pyroplssi

. offered a chance to produce waxes and oils-suitable to replace__
aninal fats used for illuminating, An equally favorable raw
material—was available in some Scotch oil shales, - The producti-
was started with small retorts made of flrebrlck. Experlmental
plants with retorts of different. construc¢tion in brick and cast’
Jron followed but rinally the technical—development ended
_about at the_end of the19th century with the Rolle oven in_ _
-Gernmany ‘and vwith the Pumpherstone’ Retort in Scotiand, & small
‘scale treatnent of oil shale had been started also im France :
mdn the same technlcal 11ne as in-Scotland, : : B

The rQW'natcrlals changlng slo@iy £6 lower crrade in- -
Germany - as well as in Scotland, ‘the “producers were forced to'
make a profit from by—products, Those were found for Scotland
in an ammonia—fertilizer produced by steaming the retorts and'
separatiq§ thq anmonla fron the"gaS'w1th the m"thods uséd'in
gas works, - Lt

,,,44’“’¥ _ , :.
In Central Gernany the 1ign1te char proved to be a very -
good fuel (grude) for special housg hold. stoves, A good
- quality of this char as well as the maximum *recovery of good
..parqffin wax requlrcd a moderate cracklng‘mlthln the' rbtort,

a naximun of 5 lO tons .of raw material per day. The produc-
tion cost was hlgh going up. still with a. slowly decrea51ng o4l
content,_of the raw, natermal and the decreas1ng prlce of fertlv

_J.:Lgersr_.i. — e RS ST T T

151h - 1918 Wierld War T . - = o

The lack of motor fuel forced the German government to. search
for new methods suitablo to produge oils from coal and lignite,
Several proposals ‘were made all based on the principle of
gasification of coal or lignite in a gas producer gompleted

by an additional distilling zone, L industrial plants of
this kind of different construction were -erected in 1917 and
1918.in Gentral Gemdny to treat raw lignite o ALY these
'ductlon, because the complete dlSlntegratlon of the raw. .
-1ignite with-a moisture content ofdmore_than_SO“ _could not —_
be avoided as it had been expect d, Only one of these plants
at Reg;s Ilnwlly dould be made a success and is still working.
today, The gas producers have been -altered for treating
briquetts, ~Part of the' char -is discharged from the pro-

ducer and‘sold for household stoves.



1918: - 1933 .

‘ .Ry-product ga51f1cat10n of'non caklng bltumlnous coal
has been developed'. from 1917 in the Saar district and in

:.Unp”r Sileaia, but cxcept. fron some small plants connected

to steelnproductlon has not re¢ached any 1mport1nco.'

: ‘The research: ﬂ*”k startnd dwring the wviar was coﬁ—”
tinued in the following period by the concerned nlnlng
~and Chemical Indus trv uOthher1ﬂlth sevoral englnecrlng

flrmq. a B | e e e

From the. Rolle oven a vertical rotatlng furnace with an
_extennally~hedtedﬂcorrogated_cvl1nder nade from—alloyed steel
wras-developed by Geisszn, This furnacc could triat 60 tons

of llgnltc per day.. Scveral industrial plants have been erecto
The r031due, mostly o fine powder and highly. self 1gn1tablc is
uscd for bo;leraflrlng in power stations,

. Specmal expcrlence in drylng and ga31flcat10n of 11gn1te
helped~to develop a_ carbonizer for lignite briquets .. by the -
DEA at Regis. Th"s carbonlzer can treat 50 tons of briquetts
per‘dqy. ' , » A
A 81mllar technlcal developnent carrldd on by the Lurgl

mConpany‘and stimulated by interests in’ the treatment of llgnltcol
in outer German countrlcb finally chded with the Lurgi carbonize-
for 211 non cakirg' coals, lignites ‘and._ briquets with a capacity ~
of 200 to LOO tons per day., Pioncer plants of this system have
been crected in Greece and England, industrial- plqntu in Canada,
‘U.S.A,. Korea, Now Zealand and Sachalin.

For a big sgcale. development of carbonlzer plgnts 4in CentriL
Gg___gx_pgggg‘pn“llgnlte the.quality, o f the char was.still a -
~serious--impedi Tﬁ,_“}‘?ﬁ—l hizs= drff:._culty'ha3~be en‘—‘ov&rcnme::n_l?}?j_ﬁ
by the- Lurgi-Krupp process for—drying-and- brigucting, This - 7:
“process allows to produce a clean lumpy char from powdered

—lignlia,——————-—‘—— - :»——_. - e - - —— ._.'_.h.__‘ e

. et Q'v R ;
For coal and 011 shale various othcr nethods of carbonl-
zation have been tri: . Several types of rotary kilns have becn

'crectod in the Tl uwgtrlct for caking bituminous hoal and- 1n
Wurttemberg for -oil shaTO.. ‘A1l have proved as a-failure for -
various reasons. The steel—cyllnder did not resist long enough
to heat and permancntly changing tension. The solid and liquid

productsﬂwercwrot7bfi&“satiSfyingwquality. ‘ '

For—the~1rﬂhtlv—caklng~r1ch oil shQIn:Jf ,ston11 two types
aof tunnel-kiln have been developed and successfully opprated.j
The Kiviolil tunncl kiln has a cylindric tunnecl made of 'steel.
The Silimagi tunnel kiln is rectangular nnd is constructed from
brick, There are some other- {fraritics concerning the arrange—
‘ment of the heaters ~nd ventilaters and the constructlon of
the vwagge: :ts which  z2arry the shale through the tunneél. The

~
A



“dailyféhpaqityfofrthcsc kilns%has—been¥brought~up—tom500w£onsw
per day per unite Jal products and jthé recovery of oil are
vcryﬁhigh, R ' : :

: In Tstonia-a gas producer for carbonization of non caking
0il shale has béen, developed by the Pintsch Company, which has
been operated successfully for many years owing to .the high
fusion point of the residuc of the Estonian oil shale.

'In England the coalite retort for b;tuminouS'céal has been
developed -and has found 2 successful--but limited use, In Franc
the Grande Paroisse furnace for o1l shale was dpvelqped to an

industrial~stage. In-ihirttemberg a fi#st.unitjof the Otto- —
system for oil shale‘WRS'successﬁullyioperatcd;_

Based on the inventidn of Berguis hydrogenation of tar -«
and coal has bcen developed to an industrial scale by the J.G.
.ot Ludwigshaven and Leuna, At the same time Ruhrchemic suc— . .
. ceeded in erecting“ﬁnduopérnting'avfirst,technicai plant- |
- wrorking vith the synthetic_méthcd,khqwn as the Fischor-Tropsch-
S ST e T

process. R R S oo f'
—. . o e

11933 - 1939

 Any production of motor fuel from coal and oil shale in
__Germany and in corm-Sion with products from natural oil had
- proved 4itself dependent on a subsldary or a tax protection
against these foreign products, . Such protection was grantcd
for home products in Germany, 'In 1933 the German government
faced with the probloms of non-enployed and of economical and
political dependence Irom oil producing countries placed the .
production of motor Iucls from coal and lignite on the first
“Tli"years plan,” together with an enforced-drilling-program -for- -
=natural—oils : = = EE————— :
The following systens were adopted and fronm 1933 to 1939
plants were e;ected or crection started: - o

1, Hydrogeﬂ;¥ion of cozl ‘and lignite. - Capacity._
"' factories in Rhur district =~ = = Metr to year
CentraliGérmany. | E 1400000 to/y
2, Fischer tropsch Synéhesis; . T L
' ' factories in Rhur district - 550000 to
Fastern Germany T, a ’

Upper Silesia

3. Lurgi Carbonizeré' o L
for lignite and hvdpggeggpion of_Epr,—mklZOOOOQ

- Central Germany -~ —; = : L
Czechoslovaky . ' o

\
¢

Ly Turgi Cnarbonizers for lignite and coal
with fractionatipg and refining of tar. .
Central Germany -~ ' . 500000
Upper SiT =~ia ' ' ‘

P S
Total 3650000 to/yr
-3 S ’ N



19h0 -~ 19&&

1, Hydrogenation of coak,

o Upper Silesia ~ 850000 t:

" Rhine vallcy. o o C

2e Lurgi Carbonlzcrs tnd Continuous vertical rctorts
- for coal and lignite with Hydrogcnatlon or-Re-

fining of tar, _ ‘
" Upper. Silesic - ﬁ . ’ ;“700000

‘Czeckbslovakia ’ .o o . '

3,“'Carbonlzatlon of oil shale w1th

= ' Refining of tar.,- ..t . .7 07 500000
Fstonia Ll o o o
"Holstein ) : b _
_ Wurttemberg . R R N
| - S . Total 2050000

! I
'TIn addition smallpr plants of" by-product gas produccrs
- and ploneer~p11nts for carbonlzatlon have boon crecued in this
perlod . : B
At thc ned of urldwwar IT the” tendeney of the future
devclopment of 0il- ,sroduction from coal and oil shale for
‘Buropean conditions sould be clearly recognlzed A long cxperi-
enec under various ~~ ‘itions allows to compare and to classify

the various meth: = . »roduction as is-done in Scction V.

.wfiI_RAW MAT“RIALS AVAILABLE IN'EUROPE -

CARe F"650r113ml proper+_’s of. solid fuels, S

e For a ClaaSl¢luﬂt10n of,sdild fuels from the Vlewpoint
of producine .~ils, it is necessary-at first to onsider the
principal properties of 'solid fuels and “their influcnces on the
1ndustr1al or domestic use of a fuel.

Ay desture contont . o

: ~The” contents of moisturc of solid fuels varies from
1 to -60%—from coat-to wounger-lignites not considering wood
and peat. which only cxceptionally may be used for, a very -
llmltod unlmportant produculon of 0115. - -
Often youngcr lignites: and subbltunlnous coals can
. be nmined so cheaply, ‘that cven with 60% moisture thcy can com-
“pete with hlgh rrade’ coal Aas for instance-in the Rhinc-Ruhr
district, A high nmoisture content can be ovcrcone’ﬁy drying,
but mostly the drying process rneang .a noderate or perfect dis-
integration of- the futl, and makes such fucl unsuitable for nmost
of. the ncthods of ut;llzatlon of so0lid fucls,.r Tith™+tic. 7ounger
“lignites this dlffuculty can’be. .e1sily overcome by briquéting
Jlthout a-binder, For other wet fuels the briqueting becomes



‘difficultrandFﬁﬁ“f}?i*45;that»thisﬁfuelfmust be utilized nmear :_
the mine and by methods SuitaEyﬁffor‘handlingmg disintegrating:
naterial, . R E : I -
*Production of oils besearbahization, or by Hydrogenation
or by a synthetical rnethod depending on other properties of _
the fuel is not hindered by a high molsture content. It there
" is a market for solid lumpy smokeless fuel, ¢arbonization —
offers a way to produce-such fuel in combination with the pro-—
duction of oils, S - . al o

b,'~Aéh.content and fusion.point of the ash, -

* 4 high ash content_of a fuel makes this fuel unsuitable
- for direct Hydrogenation. It also exaludes: carbonization with
“tHe production of a coke for. an industrial or domestic market, =
In genernl such fuel rust be utilized near the mine and without -
longer transports of the cgal or the. coke. o e
It should be utilized by’cﬁmplete gasification possibly —
yrith recovery of tar, the gas to be used-either_for poduction.
of "oils by hydrogenation of tar or by synthetical methods or
for the production of power or as a gvs for public distribution.

The fusion ﬁoint of the ash may be deciding for the process
of gasification or the systen of boiler-firing to be seléected. i
If the fusion point is extremely low it may be a’ very costly
feature of the fuel :nd in some cases even exelude such fuels
from the production »f oils, : L

S

“6;*’h5ﬁtenfs of“VGWjj%TES'and~tar;«Degree-of;carbonization.
. High contents of volatiles in the dry material are of a
great value for the production of oilsy ‘Part of the oils can
be recovered by the relatively cheap method -of -carbonization,
and the high content—gﬁ:hgﬂrogen availablexin such fuel is
" pofitable-also for she direct hydrogenation of this .fuel or
1ts gasification into gases of a high content of hydrogen.

.According to the degree of carbonization the oxygen content
- of a solid fuel may be 'rather high, lMostly th;gvggﬁults'in S
a high oxygen content of the tar and- decreases its.value by -4in-.
- creasing the éost nnd decreasing the efficiency of refining.
- If such tap is treated by Hydrogenation its oxygen content is
. less important, ' e B

Anthracites if ché@p enough can only be used fof 1 sﬁn-
thesis of hydrocarbons. o - e

T |

. \d,. —Contents of Sulphur and ghlorine, -

Contents of sulphur are-not important for the hydrogenatien-.
--of Toals or of tars. A high content of' sulphur in the coal
sometires results in a high sulphur content of the.tar but often
. it does not increasc the -sulphur content of a tar-ompared with
normil conditions. In this case. carbonigation is well suitable



to ut&(\’ze §uch a-c. ~In na.ny cases 15 usually high sulphur
content of the raw coul, which lowered its market value con= —
‘siderably can be reduced by carbonization to 4. relatively low
sulphur content in the . .coke, and. can’ ‘open even the domestic
‘market to such a erl. The sulphur content. of the- coal,'whlch
nostly goes into the Hydrogen sulfide of the distillation gas:
can or.must be utilinad for the production ‘of sulphur, A tar
with a hizn sulphur contént ir. general must be treated by hydro-
genation in order to gat a good yield of. quality products of
gasoline and diesel oil,  GChlorine usually causes. heavy cCorro-.
sions on the eguipment in carbonlzatlon as well as in a hydro-
genation plqnt . : - S '

® \ Sinterlng and caklnr proper‘r of . coals. T =

DU S

3 Caking and hlghly fu31ng"c0“js can .only bc trented in coke
ovens or other outside heated rctorts, A moderate sintering’
quallty~of a coal, which normally prevents gases from—passing
~through—thts—ee@x—c&kqav—d&sturbu~~eea%%nyous riovenent of the
coal. in o vertical shaft, can bo overcome by preheatlag such’
coal to 200 - 300°,cent1grude frr several . hours, .and this effect
nay be increased by o sertain oiygen ‘content of the heatlng
gas in case of a rc. .~ lecly sma 111 "sized coal.

s Such coal rad v -onsintering coqls can. be treated aad
“heated-by ' a dirc. o.alet with hot gases.cr carm—be gasified’ in-
a layer of fuel inder condition - that the proportion-of fines
- below 1/8" is not too high. For direct hydrogenation of a coal,
“its siritéring prope rtlos are net of any 1mportance.'

B,_.The Most Importeﬂt Deposi%s,pf'Coal and Oil Shale of ﬁurope.

~ - @ --Caking and Bitﬁmihoﬁs conl

= T e e o e W e

large deposits of coal, from anthracite to hlgh volatlle
cnal are available in Great Brltaln. The -bituminous coals are
mostly caking. Thern are some non~cak1ng coals in Scotland and
northern England, which can be treated by dlrert hea ting. Most
of the -eoals, however, have so ruch caklng property that only
outside heated retorts can be used. ’'fith this method, using
‘iron retorts and a relatively low temperature of cwrbonlzatlon,
the devclopment is limited to a hish-price market for a high
volatlle coke, Such a base, how:ver, has proved too small for
--a production of oils of any 1mpor'“nce. g )

i L :

For the hvdrogenmtlon bf conl and 1lso for the productior.
of hydrogen gascs for synthetlcaW purnoses: :anny sorts  of coal
are avzllqkjv. . . .

e T D e .
"By - Uriquéeting of bitumincous. fincs ~nd-carbonizabtion of

thesc™briquets by direst hedating methods, thoe braso of rowr
tinterial could be e f iorably widened.

6



~ «w»In the Ruhr district various kiWs of bituminous coats—
are mined, but cda1éfWh1ch_cogld'be'treated by direct heating
‘are not available,” So the sifuation is similar to that of
England. The raw material is suifable to be used for hydro-
genation of coal and for the synthesis of“hydrocarbons by
gasification_gf'semi-anthracite‘and coKe, b o

. . In Northern France and in the Saar. district mostly high
! yolatile and swcllingeoals are-mined, which cause difficulties
in any treatment. The deposits are limited so that the mine
prqducts'are easily sold as a raw coal. o e

' ‘ ’ - : . T
- Large deposits of bituminous high-volatile coals é#re

" .available in Upper Silesia, Mining conditions are very good,

Many of these coals -re spitableLfor“cdrbonization«by~diréct

heating, and such an industry has made considerable progress.
The low témpcraturc ceke has proved very suitable for domestic
and central hdaﬁinc.f»?urthermore,'carboniZatidﬁ of briquets
made“from.higﬁ“vokggilc'coal scens_to offer a nmcthod for re-
placing the production of eoke in coke—ovensy the deposits~of
suitable caking coal becoming slowly exhausteds o :

. - Coals suitable for hrdrogenation and for gnsification”
arc available on = bIg scalesfeb-Along period, - T '
s ‘ ‘ . . = o .

" De ‘Suﬁgiﬁuaihéﬁs coal and-older liénite, 5—1':;.h£“

There are rich deposits in Central Germany, cheaply
mined by open-pit-mining, and with 7 high content of tar. They
are very sultable £ r~carbonizgtion‘dftg§,briqueting.- They can
be hydrogcnated with relatively low pressurec. For these
reasons, they have been preferably used for the production of
liquid fuels.. ' N '

: Younger subbitumindus ¥oals which can be treated with-
the same nethods, but which need no briqueting, are mined in
Czechoslovakia and to a limited extent also in Hufgary and
southern France. -~ .- . A :

- ~

-~

' 0, Younger Lignites7 )

?Thi§wkind'of'raw-mdterial exists 4in large deposits
in the PRhine Valley and in Eastern-Germany and can ue mined
cheaply. Low tar contents and a nigh content of oxygen make,
these fuels.preferably adapted: for gasification and the syn-
thesis of hydrocarbons;, Diréct hydrogenation of .such lignites

~requires an’extfémelyjhigh pressure nnd has proved relatively
"expensive in this cmo, : o ' -

~
Bl

'f'd. '0il shale and bituminous  rock, _ IWf”

—

y There is. an important deposit.of oil shnle in Bstonia
yith a thin (2 neter) but rich sean of shale (18 to 20% of !
0il), IHMining condit‘ons, hitherto mostly adapted for-open '

“ cut mining, are changing slowly to undergroundmining, The =
“deposit widely spreads into morthern Russia, the seam there
-going downh to' 50-150 n and the 01l content steadily decreasing
castwards to 12%. O0il production'will'probdbl?MBE'growing

b . e : : _




rapid_' in- th:.s ik -y

- In Estonig Tunnel Kilns h.ive been used for rich shales
-and a special gas-n Ticer for lower-grade shale, :

... In Russia the Tunnel Kiln system has been adapted for
the rich sh11e and a carbonizer similar to the LURGI carbonizex
- but of only’ 80 tons cLoacity, s been developed for the lower
fgere shalc. - ) B

Good oil shqlcs with 8-12%-of oil are found in France,
Spain, and Scotland, but the cost. of mining in thesec fields
_is relatively high owing to the depth of the deposits and the.
hardness of the shale, The importance .of -these deposits is
Yery,limited therefore. K . : o

The nost innortant dcposmt of oil shﬂle of Furope is
aouthern Frqnce wlonf the vestern and northern #im of ‘the Alps
to Wurttemberg and Baviria, This 10 m seam has an average
oil content of L, 8%. Open cut mlning is possible to a large -
extent, and even in 'underground mining the lower 3 neters of -
the seam'w1th 6. Op oil can be mined cheaply by the slope method..

. Technical treatment: of such a poor mﬂterlel with & IOWWW
meltlng point of .the ash has proved to be a hard problem by '
some 30 years of experimenting in‘Germany as well as in France,
Lately carbonization and complete gasmfleatlon of the residue
for industrial heating and production of power in districts
. where other fuels arc vety expensive offers a. chance for an
extended production 0f.o0ils from this ILias 011 shale.

Large deposits of oil shale w1th 8~10% 01ls of very

"good quality have b, found in Bulgaria.- As the mining can:

" be done cheaply - . cut mining, -they may be of .a great
-value when the natural oils of the southwest of Asisa become
exhausted. . - - Do v

.. There is an c¢xtended deposit of bituminous rock in
Holstein impregnateqd :ith 12 to 189 of a good natural oil,
Mining and treatment of this mqterlil however, has proved
rather difficult until now, owing.to lt softening in the de-
p051t as well as in the furnace, i

-m~wweveril smalleT, dep051ts of 011 shqle and bituminous
rock in I*ﬁlz'ﬁre “too—Tow grade:. for an. egonomical treatment in
spite of uunh experinenting done in thes flCldS.; )

III. TECHNICAL MFTHODS“@P X INDUSTRIAL PRDDUCTION OF
LIQUID FUELS FRO \ﬂLIDeMINERALS

IR SERRPL

A Low Tenperature Carbonlzatron

A. C&klng_GOulS. -'~¥gw4

—

After 20 years. of experlmentln" vltn virious sxstems
‘on a large scelo, with very costly ploneer n]ants, only a few

o .L



designs ef .the same principle - that of outside heating im
narrow retorts made of steel or cast iron - have proved N
satisfactory, and even with these retorts in general a good
quality coke can only be produced if the volatile contents of
the coal are not too high. | ' Co .

- All these retort plants are operated with fines of bitumi-
nous coal, crushed, and if necessary-regulated for caking pro-
-perty and volatiles by mixing several sorts of coal, =~ - 7

The three varieties of;iroﬁ_;etorts are the foilowingf

The Coalite Retort, developed in England, has been
ased for more than 15 years in ceveral plants of ™~

' medium capacity., After strugeg}ing .for many years .-

" for a market in the domestic use, this carbonizatlon
industry seems to be sound economically as .far as a

. special price for the coke can be reached in domestic
or industrial use, ' e o

The ‘caalite retort is made of cast iren 9. to 12 feet—

high and has a ¢éross section 7 to 8 inches wide. and

'4-feet long rounded at the ends. ... 1 'u

A pumber of retorts are connected to & battery similar
to &' ¢oke cven, The coke is guenched for gooling.
The tar. is sold mostly as a fyel oil, Production of
some by-products from the tar for pharmaceutical or ..

- preservi.. nurpose seems to be essential for the -
econgmy of the plants, : e

o ;anermanywthe‘K:QQPTLDRGi retort system-has been
developed and has been operated for many years in the
Ruhr and in the Saar Districts, ~In this system 6 .
rectangular cells 6 to 8 inches wide, %7 feet high and -
10 feet long, made 'of welded steel, ape gonnected to
one unit with heating channels betweenn the cells, " For
the heating of the unit, flue gas of a regulated tem—
perature is circulated through the heating channels by
means of & fan. - The unit is charged by a special_car,
which carries the coal required for one unit and which

"“is' equipped with a devige for }ifting the cover of the

unit and for charging and stamping the cells, =
, The uait—is discharged into 2 special éar suitable
for the quendhing of the coke underneath a quenching '
* gower which is_erected near the screening.-and.storage
place, Gells of the K, L, retorts dre 20-30 mm wider’
at the lower end of the cell, o Y
In the third system of steel retorts, the B.T,
retort, the walls of the rectangular cells. teogether
with -the welded heating channel are suspended at the
"~ "higher end so that they can be swung aside for the
discharging of the retorts, This enables the use of .~
. very narrow retorts of an equal width from-the top to.

9



the bottom gnd'allows'to;work'with very short:
pepiods of heating, as e.g. 3 hours, But the
smaller weight of & charge and the, increased

~ nufber of charging periods nearly equalize
thgg'advantage;‘ Stamping of the charge 1is
mad¢ impossible. by the narrow ¢ells ‘and the
aquality of the coke is lowered by ite rele—
tively reduced dendity S

' Thie system has been tried a long period
--of experimenting, There still may arise seriov
difficulties in ap industrial plant with the B
tightening of the cells between the moving =~
walls when these walls become corroded or .
twisted -from permanently ¢hanging temperatures
. and working conditions, ‘
~ -The steel retorts described above can also be operated with'
‘briquettes made of a.alightly fusing and high volatile coel, 1In-
this case the throughput of & unit of 6 cells mey be inereased
from 15 tons of caking coal ' to 25 tons of briguetted coal, owing
to a Better heat traﬂgmission;wiﬁhin the charge of the retort
by the fludtuating distillation gmses, S
7 011 producta are slightly cracked, which results in & relar
tively low degree of viscosity. Ter recovery amounts-to-60% to
70% of Fischer aseay, | | L

P | .
The maximum temperature of distillation is limited to 600
‘Oentigradefgf T - et A

- Another more promising method for treating caking bitumi-
nous coal, consisting of briguetting the raw material favoradbly
after reducing the ash content and the caking quality by mixing

“"or by a heat treatment, is still in the stage of development,
It would allow to treat such goals also by the much eimpler end
‘more efficient method of & continuous shaft carbonizer working
with direct heat transmiesion, At the same time it would allow
to produge from high volatile coal a clean, dense, equally ;
shaped coke with a r:;ulated gontent of volatilés, good even for
& blast -furnace, ' ST : . '
b, Non-caking Coals and Briquettes

o
-

T Several types ofugégtinuous Working Vertical Retorts
_have been developed, .from experience with gas works, for the low
temperature distillation of nonrcaking bitumjnous ¢6¥l," Retorte
de of firebricks 20 to 25 feet high, epproximately 12  to -15
ches by. 38 fee} of cross section, and mostly two retorts con-
nected by a common device for charging and discharging are
operated by -a&regulated outside heating and internal steaming
or recircling of:distillation gas through the|charge of the
retort, in order to prévent the oils from cracking,

< ?1oﬁeér plahté'have been bﬁilt.by the three German
~firme Otto, Didiler and Ropvers in Upper Silesia differing to a

10.




-cerfai@ égteht:iﬂ f@g heating syetem and the devige of charging
and didharging, YH these retorts screened coals ¢r briguettes -
"4f* nene 4§ s

4r: B very moderate caking quality can be treated,

. '€i; The tempéigtureéqf distiliatiop can h?'widely regu-~
lated bdetween 600 and:1000™ Centigrade according tgvyhé reaquired
amount 6f velatiles t?.be left in the coke, .'___ - ' '
o A A . , PR &, ) &
I iv'Thg:??ESWEfy}’f*tarhie‘70ktp;80%‘gffFischet assay,
~depending en*the ameunt ¢f “gas recirculated inte the retprt.

Viseasity anmi the centents ef asphalt in the tar alse Aepead
_en’ thie same conditien as well ap en the character »f the
~treated bitumineus c?ay,.f Co Lol L :
- B TheAgas,aQailable from this system of'carbonizatisn

i1s-ef a high heating value frem 500 te 650 BIU/cud, ft, ' The
heatipng velue and the quantity ef’ =zas preduced depend primerily

gn-the-distillatinnﬁtempggatdre;fx o _ —

A _ 'Shaft carbonizers have-been experimenmtéd en‘in—
_sevéral mines, Industrial use has been-reached snly the

LURGI Carbonizer 4n 3 plants in Upper Silesia, Theee-plants.

are operated with sareened bituminous coals as well as with

briquettes made with sulphide liquer as a binder, The capacity
. #f’a .carbonizer unit amourts te 350 te 400 tons of coal er’
“bBriguettes per-day, The desizn of such unisiis nearly the .same -

‘as that ef the well-known LURGI carbonizer used .for lignite-
briquettes and described in chapter IIT AJey - The drier of this
. carbonizer, in case '¢f’treating a seftening coal, can be used -
fer reducing the fusion of the coal and fer eliminating ef the
sticking ef the charge in the shaft, It alem allows to treat
wet ey washed coal witheut reducing the throughput of the car-
bonizer, The temperagure qf‘distillation. being earily variadle
 between 500 and 906.'Gentig§ade, the amount ef’velatiles left¢ .
in. the ceké varies from 10 te 2% aceording te consumers! demssd,
The recovery of tar and benzine amounts to 92% ef thé Fischer -
mssay., -The character wf the tar is slightly more asphaltic .’

than in case ef sutside heated retorte, but most ,f‘ths asphalt
'1sgconaénsed_separﬁ;ly:by-a‘special fractionating devicel

_The ‘ecoke, leaving thé carbonizer with a u%~100'~ﬂ

Centigrade: continueuely, is ceoled sufficiently fer further

" transpert and storage by a spray #f very little water, at -
the samé time blowing alr on the surfage, which evaperatee
the water and cools the coke te-about 60 Centigrade, 'By car~

" benizing brigucttes made of a ceal gr*a-mixture4gf‘coalsfwith

_ a moderate fusing prepérty, a very resistant lew velatile, and
"equally shaped ceke is preduced, which has preved very satis-
factory for the watergas preducers of “the Blechhammer-Hydregena—
tion plant. : S e S

: Ifiéié:ateq‘with air for qggbustion,othéwgaé;has a higher
value of 270 and 280 BIU per cub, foot, 32 ¥,, 0 ineh, If
..pﬁrated'withﬁoxygen a gas with 400 te 420 BTU.per feot can be

'irqduced?;;;

L.'J,:x‘,,.~



- By a-sPeeialgdéthpd-of'conﬁsg;ing the oils from the
gas.'svfractibns are recovered immediately in the condensation
plant consisting of 25% piteh, 65% fuel oil, and 10% benzine, |
The pitch with a melting point of 150° ‘can .-be used for briquet-
ting purpose or. may be hydrogenated,: “Fuel pil was sold to the
Navy. - The benzine of & high octane number is refined and used
ae gasoline, Do ' T : . P

_ e. Lignite raw or:briguetted. —
| ... - For_nearly one century the highly bituminous lignite
of Gentral Germany has bteen treated for recovery of varaffin
wax. by—the Rolle-oven, Beveraliplante of this type are stiXl
working;»treatiﬁéTspeciél:briquetjes'now instead of raw coal,
Some have been replaced by new factories equipped'wigh;nﬂRGI

‘carbonizers, _ o , .

s The Geissen-Furnace developed as-& mechanical furnance
_on the principlee of the Rolle-oven has Dbeen used for the
erection of several industrial plants.connegted with- smaller
_power stations. Thé coKe produced by this methed of carboniza-
tion is a fine, highly self-ignitable powder, which can baly be
utilized in an anrr2:eld boiler plant equipped with pulverized '
cegl-firing systems.: D ; L

S The first plants which were éreqt@d"tsed@a-corrngated
vertical rotating cylinder 25 feet high consisting of rings .
made of a special chrom alloy cast iron., This eylinder ‘is heated
ineide by a-gas.flame, The lignite is kept on the cylinder in -~
a layer of only one inch thickness by series of wider ringe
fixed at the walls of the furnace around -the heated rotating.
‘eylinder and-leaving outlets for the distillation gas. The
lignite to-be tréated must be small sized, with a maximum size
6f 10 mm, in order te prevent it from sticking.in the narrows
of the retort, It cannot¥ be treated in case of a high percentag.
of powde# below 1 mm, or if disiptegrated Dby a sudden heating,
because in 'these cases the movemeny of the material through the
retort- cannot be controlled. The lignite flows like water into
the gas_gchannels, In the last factory of this system erected ..
in 1937 a straight inner ¢ylinder made of a welded heat resistant
. steel was used.- Part of the dried lignite had to . be- briquetted .
and crushed agein to smaller grains to meet the"conditions -

desqribed,%bove, . : e o L

Except for a relatively high wear and 'tear of the machiner:
which possibly could be reduced by ueing higher grade steel, the
working system of such a factory has been proved as rather com-
“plicated owing to the necessity 'qf .a special preparing and |
sepafate drying of the -raw lignite and of cooling-the very fine
and very ignitable ckar, No rsgulation of the egree of carbon~
ization, that is, the contents of volatiles in the.char .or the
quality of the q}ls—by,méans of an*1né?ea§eddtemperature-of_&is—'
“tillation, can be —erarmed with this system. The 01l products
are unstable and of a relatively high content of oxygen. The
tar recovery is high, sometimes above 100% of. the Fischer assay,

 12  :



<« An experimental Geissen furnage ol a capacity of 100" tons
‘pér day of a. coal with 30% moisture has been operated also with
‘many -varieties of subbituminous and non-ceking coal near Brux
in Gzechcslavakia. and these coals are more favorable for such
& technical treatment, but the quality of the char and that (
of the oils is ‘maich inferior to products of other methods, worke
tng-with the same coaly for the reasons described-above,

{

For the carbonization of. lignite and eubbituminogs coal
_the LURGI-Garbonizer ‘has been developed since 1921, Originally
this carbonizer ‘was designed for treating a raw ‘coal. of 50%
‘moisture- .and / equippei with a correepondingly extended drying
gone, - Experience showed that such wét liquids are: favorably
dried ‘and bniquetted vefore carbonization,. “New metheds of _
briquettlng have ‘been developed in connection with carbonization

with the purpose of produciné a. hard lumpy coke.

rhom st v

t= R i

The LURGI Carbonizer is based exclusively on a direct heat
transmission from hot gases to the coal. The working principle"
is. ehown on. the Fﬂ*qr\f(l) e

PRSI ——t

With the LURGI carbonizer,all varietles of coals and
lignites except fusing or-caking bituminoue coale have been "
-tneated commercially, either briguetted or raw, in many plantsﬁ
"among which- several have a capacity of .6 to 10,000 tens per dayj
and one has a throu*pput of 25, 000 tons per. day.

. & LURGI ‘Garbonizer plant is eperated - fully automatically."
It needs very little labor, Repair costs are relatively low,
“owing to & very simple construction and :any - movable parts-or
steel being-avoided, where these parts could be destroyed by ‘
high temmerature or by the corrosive. oraabrasive action of o
zases and coke, The handling of the coke outside the carbonizer
is simplified by the good cooling effeet of the coke cooling
zZone and only a small amount of fines or dust are produced by
the carbonization, The disintegration of the coal or of the . .
briquettes. even with a very unfavorable raw material other-
wise highly dieintegrating by a -sudden rise™of ‘temperature,
.can be sufficiently avoided by the wvery slow increase of
temperature- which takés place during the 10 to 15 hours avail-
“able for drying and carbonization- only.~v%t:has—even;been
poesible to prcduce a hard lumpy cocke with such a method from
- wet _coals. The gontent of volatiles of the coke'! can be easily
regulated and quenching of the coke can be avoided

R The recovery of tar. and benzine amounts to 90 to 95%

as compared with the Fischer Assay. The tar is of a good

quality. free of dust and water and its oxygen. -content. favorabl:

- reduced. The tar%products produced in this carbonizer plants

are either refined r*-ngdrogenated. mostly in a-centrally

"-located factory .l s *or several carbonization plants which*-
are located near the minee. S - , —

.

For the coéling and the - inertizatipn»of the coke, as
. required’ rfox the domestic: market, a Spec1a1 deyice has beer
developed : )

[
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Figure |, Elevatnon of a Lurgl dlrect-heatang carbonlsatlon plant
—k—Coal- Hopper*’ — I = o e

ZH*D(ylng zone - -
3 Carbomsung zone - ‘W%
-Coke -cooling zone
Coal charging -car S
Coke discharging . mechanlsm r‘~
.Coke discharging pockets
thrculatlng fan for drying zone
Combustion chamber for. drying zone™
10 Combustion- chamber for carbonlsung zone
il "Admission of purified circulating gas :
12 - Offtake for mixture of circulating gas and’ carbonisatlon gas
13 Offtake for waste gas from drying zone
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'é?n some plante erscted before tﬁgbhew methods of bri-
quetting had been developed the coke is briguetted by a binder
made- from-the  tar, sometimes by oxidizing it in the tar still.
These briquettes are sold for domestic purpose, ,

Some operating figures oi.a 10 unit carbonizer plant operated with ‘a sereer
subbituminous coal of 124 moisture or. with coal briquettes are the followir

b

Investment Gost (without mining and briquetting)

<

‘1, 10 carbonizere inql building and transport

~equipment’ T L . 4,700,000 Em
2,. Gondensation plant o o “A?:W;. eo‘ﬁi ':' 2.740,000;h
3, Benzine~xecovery plant | | S L
inol plant for dietilling of sorubber oil B - 2,420,000
4, Equtpment for. screening and cooling of N ,T o f. }
’ coke inel, loading ‘ S ST .. 800,000
: = e — — : T '
“5*_ btorage tanﬂe for oila I T | 300,000
8. Distribution system for energy ) ' ‘ .
N steam and water . ‘ T : - -500,000 -
7 Recooling sys_tem LT =TT 400,000
8, Boiler house (gas~f~~ 1) -and Powev etation for S e
3000 KW, 2 x.3000 KW turbines A . . - 1,000,000
9, Roais end tracke - | o L o 200,000
10. Laboratory, office and «noial buildings o ww;:] - 40Q,Oogko
Ianissiniigt SRS e 13, 460,000
%ﬁiegéllgﬁeous_:*:ﬂ f- 540,000 .
R \?.» : }4;000:000 :
Operating oo,v_,__‘_tal . .~1,500,000
115,500,000
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Production of oile (12% oil sontent of coal, 92% recovery)
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Amortlzation cost

°f 1"‘ °°° 000 B

8% of %mOOO 000 -~$ru ~t 7i}{h' 
_; 3% of 15 soo ooo 5 RM,, 5
v 264.000

250'00 y;j

memx. pnonucmon cosm rmz YEAR o ~—19 477 ooof"'" . 9 972,000

. anome for coke

mmwmemvmvuwwwmmwmﬁqn

- 680,000 ta'® 9 - $ 6,130,000

T

:romr‘ifaowcmow cosm FOR OILS 7,237.000' sy 842 ooo |
'\.'r ton of oil e SE 48,3 BM 25,6 ‘s

ﬂg roductlon cast_~
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A, 011 Shaie and Bituntious Rouk:

5 BRI 'l‘he Pumpherstone retort develofed" 1niSes 1and c—n"“iste
“of an outside ‘heated verticml. cyli.mler ‘made of fire’ brick, . .
‘Usually. 4 retorts are ‘connected to a unit: with' 'a common. .heating
._"_device. Five to “ten’ ""nita are ‘c‘onnected ta & battery S The .-
“retorts are; “heated Dy e gee produced from- the shale ,,__'rh,e
;capacity of a’ ur;i' af- four retorts, if operated. with sufficient

: : V,mtroduced;_inta ‘the retorts,. ‘ampunts: 5. 30
‘f to 35 tone ,of a sereened...-_ shale per: day.l ;t may.. be- reducea. to
25 tane on_less 1..’: the propor!;ion, of fines helow 1/4 inch 13”""

The recovery of far 1& from 85* to 90% of the Fischer assay.
":(:he producte_ ane. of a_good quality.,_"mhe investment eost: oflr‘-;a
h’ersvto_ne pl&n,t is relativeiy higb, but cost of onerati;o and

: '.I‘he Pwnpheretone retort 18 not suitable for a softening
shale er for & 'eha,le with a 1ow ;fusj.én point of_ the reeidue._;,;f

el I . ‘sPecial deeign;for- an 6115ha1e
_with a hi.*h content of. carbon.-:cozﬁb*ipes ‘caf n&.zatien of the
ghale wivh & E-% complete gaeification of ¥t res-id.ue by means of
. steam ‘in an-ontside ‘heated retort .2 feet b é%-inchee of~crose
;.‘.seqtiou. A gronp of: ratorts is connected.,. toone unip, ‘rhe
upper part: of ‘the retorts. is“md. -of “eteel, the lower pars. of\
one-.pi,ece ‘fire. 'brick rick tubes,  Eréction. and ‘operating cost’ of-
euc;h & pla.nt are naturally ‘high, ‘The denendence of the. produev
“tion from purchased fuel. or- energyvle an important ‘fea,ture of
",the~'ﬁeesel method and allowe t0:keep. the plant we:ck::,ng with a.
small pra:t‘it u.nti& the very: lim‘lted ‘deposit of shale: becomes
: exhaueae 045 m7 of eas with a higher heating value of 3000
kcal 19 avai.lable irom a top- of shale. SRR ,_,-v.;,..f.:

8" 'l‘he Goldf*e“ ro_;y ktln or. 'vi‘ son retort, ’devel—- 3
'. oped. 1n Estonia by-an. na-lish graup, hae “been working for- meny
 years in an. 8 unit plant. These un;ts, of & diameter of 4 feel
“and ‘& 1engtb( of: w5 f‘eet.__have a throughput -of . only 20 tone . of'
oil’ ‘shale per 4ayy “4n experimental unit vf greater: size»;_pro- .
_vided for 75 tons capacity hes. been proveé. 8 failure. L

R The kz,.,lnfis operated with high grad.e eha_le ef 0 to 4 ‘
_‘-inch eizes., Scrapers are: ‘mounted ‘Anside. thé kiln i . order ‘to.
- prevent the ehale:_f m‘_,sticking %0 the wall, ‘which is favored ~ -
by hreaking B we and Fine matenial . The residue of ce.rboniza,-
tion d.ieeharged automptically by a &ouble d,oor. o.rops on a grate

'where 1% 1e ‘bu.rned. for-the" hjﬁting of, the k-ilF with the hot

‘ Aflure-ga(e. -The . kiln oust be. stopped. every 6 mhnthe for & thQ‘roug
¢leaning,.. It operated, with a .;ele,ti.vely :t‘i.nék aute ial this B
j.period may be reduced. uO 6 mon*'hs..._- Thalon _“ .__x ce

s The oil rece*very amounts to 92" of the Fischer assay,
'The oi.ls are of a very good quality id,th a; higb percentage of

omigar

1ight oile (22%) A vl

1,7
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" For 011 shales ‘with * == than 20% of oil the Goldrields kilnm
must be considered as too. pxpensive for the investment cost_ as well
~as for theacost of production. S . . ' V\M
R ‘I‘he*Otto-Furnaco for oilshale has been erected in aﬂpione*
plant in Wurtemberg. It has been- operated with the low grade jurass
oilshale for several years, -In the Otto~furnace the shale is dis<
tilled and partly gasified in a vertidel shaft of fire.brick by
means of superheated steam. A cross section of the furnace 1s shown
in Figure 2. 01l shale 1/4 to 2 inech size stored in a hopper above
the furnace passes throughtan iron pre-heater, outsidé heated by
flue gas, intg the carbonizer shaft, The brick ‘walls of this shaft,
2 feet by 8 feet wide and 30 feet high, are perforated for the ~ - -
introduction of-the steam and the outlet of steam and gas, The .
‘lowest part of- thesshaft’ 48 made of iron and is water cooled; part
of -the steam is produced here by coolingfthe residue from 600 to -
300 degrees centigrade, The column of shale is supported by 4froiler~
which are used to control the throughput, Annexed to the shaft 16 a -
heatqexchanger alsq - made of fire—bricks, which superheats the steam
_to about. 900 degress centigrade before entering the si shale. Hot com+
bustion gas,passing along one wall of the-shaft leaves the heat™
~exchanger With 550—degrees*centtgrade. —It-is further used for‘the
~production of the steam required for the process. -

- T Later on the process has been improved by introducing :
100~150 m3 of air into the chamber together wlth the .steam, "In this

.......

end more combustible gas is available from gasification of the
fixed carbon of the shale, _

,,,,,

- The. capacity 0‘ e unit with one shaft is 50-60 tons of
shale per day, The recovery of oil is near to 100% of the Fischer
~aesay, and the oils are of a good quality,

The 1nvestment cost is. relatively . hlgh owdng to the small
capacity of the unit¢ and the complicated. system of heat exchangers.
It might be considerably reduced by introducing air into- the chamber,
but with a low fusioq point of the aeh a considerable quantity of

- steam %%111l will be required-in order to avoid any -fusion of the -
ash in the shaft, The utilization-of. steam for carbonization . i
and gasification requires additional heat for the process and may
~raise a special problem where water for coollng;purpose is not
available sufficiently ¥ summertime. B
-~ B The furnace of the Grande Paroisse Company has been
developed in France also with a low grade oil shale, This. system
~is similar to that of the Otto furnace, .the constructron dlffering
considerably. however,. by~subdivid1ng the -shaft fInto a r~ang,
carbonizing \d- a gasifying zone and using exclusively st -el S
for the wal¥s of the shaft and of the- heating device for The '™
steam\e«After operating a pioneer plant-of 100 tons capact ty for
several- yearsf\a unlt of 300 tons  per- .day has. been erected in
France, Results are ‘not aVailable. ‘It Seens that the system-
lately has ‘been somewhat modified for a cdmplete gasification.
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95 and 100% of - the Fischer assay. The heat efficiency ‘cannot de
high and cost. of plant .and répair must be relativeky high accord—
ing to. experience with similar systems

_ 6.  TUNNEL KIINS for Carbonization of 01l Shale.

ing of the*shale by flushagas has been found very - satisfactory for

e good recovery of oil and a good quality of the ©0ils, The simplest.
equipment for a direct heating of - solid material is'a vertical-shaft
through which the material is conducted continuously. .Su¢h process,
‘however,- reaquires a material, which- on no ‘account sticks together or
tightenS'the layer ofcmaterial up against ‘the flue of gas, - Some -
_rich oil shales as thos¢ of Estonia are softening under heat and
may cake together to a solid rock under the pressure. 'of a higher
' layer of material,... g danger of this kind may exist temporarily
even 1f the medium product_of the mine does not stick together,
. beuause with a relatively thin seam of -changing quality the tem-
porary delivery of rich—oil shale cannot easily be avoided o

" e danger of eticking together can be reduced by not

,moving the material during carbonization and by reducing the thick- -
ness of the' layer.‘ Practically. this can be performed in a tunnel.
- kiln by means of flat wa=zons, on. ‘which the shale is. placed in layers
of 1 to 4 inch thickmess, and which are- ‘moved through the tunnel.
Volumes of hot gases are circulated through the layer of the material
. by means. of numerous fans and. gas heaters which are mounted along o
“the tunnel, Even with the applications of this method, caking of
" the.shdle cannot be always prevented, but the operation of the plant
-.orits efficlency cannot”’ seriously Ye influenced. Though the plant
vand the process are rather complicated. this method has proved *
satisfactory for Estonian 0il. shale. Two _types of furnaces have
been developeds: : , B

A. The Esti—Kix}oeli tunnel kiln"*“w%;%

‘-ﬁ‘. B. iThe Sillamaegi tunnel kilnc-

~ :Ag~;--~-Esti-Kivioeli Tunnel Kiln -

- This system is working with a horizontal cylindric tunnel
nmade of sheet iron, - The tunnel is divided into 12 to 14 carboniza-
tion sections which are- separated by a slide door from the feeding

zone at one side and by another slide door from the quenching and
discharging zone at ' the. opposite side of- the'furnace. Two other
doors close the. tunnel at both ends, " The heaters, one for each wagon
are-placed in a parallel brick-made channel They are k= ated’by the . j
flue gases which origlnate from. the combustion of o1l e7 ' 's AT
number of fans for the circulation of. the heating gas thi. ugh the’
.ehale and the heater ar=s placed parallel S0 the heatel cnannel .
In the 1atest design of this type developed by the LURGI—
.Company the heaters are gas fired the heating temperature being
regulated by recireulstin: ~wees, enlarged circulating fans are
placed under the: heatexsx end each heater with its &irculating fan

19



can pg“!l&t;off‘for Q}e@ning_w;thout‘stosggng the aperétion.of the .,
tunnel unit, B S . ' R o

The wagons are moved periodically. They: are connected
to the—heater at the bottom. 6f the tunnel by two flanges pressed
-together by th@'weighxfOf'&he_wagdn,4~mhe pogitions of the wagons
arewédjusted-adtomatically’by‘a'corresponding notch of the rails,

T The slide. gases are operated by a hydraulic gear, which
serves also for the moving of the wagens, The supervision and steer
ing-device is located at“a “control:réom which may be common to

“several tunmel wnite, - T - I

= ~.1LThe heatere consist of vertical tubes madé of heat resists

“ant steel, the heating gas pasS¥ng outside the tubes, the distilla-
tion gas 1ﬂé§d¢f.’Theegﬁbeswareﬁccnnected'toﬂrectangular;yfarranged
groups., The first 2 or 3 wagons, whigh have entered the tunnel -

_are operated with lower temperatures for drying only, which has
;“proved;yggy'essential for decreaSed'cakingxgnd_a;good ou;putvofxqils;

* pom—

B. Sillanaegl Tunnel Kiln . ﬂ

-

This system which was in operation at the Sillamaegl plant,
uses,afnectangular_tunnei made of sheet iron and placed into a brick
channel,  This tunnel 1s of a layger cross section than the Kivioell
_tunnel and uses larger wagons operated with a layer of shale ‘only
"1 to 2 feetthick, The wagons are.closely touching each other with .
their frontwalls, they: are tightened to the bottom of the kilm by N
the lower énd of ‘the sidewalls moving .in.grooves. i-Sode differences
of construction consist in the heating method and the drive'of the
wagons by an electric gear. The heaters are mounted above'the tunne’
In both plants the shale 13 erushed and screened to 2 or.3 different

_sizes which can be trzn‘ed in the same kiln, The thickness of the..

“layer in the wagon in this dase depends on ihe different clzes of
the_shale or the resistance of thé¢ layer against the flow of the
%aées_. . . . . »‘ ' . -'_;}_ . . .‘ . . NN - ‘ \. ' : i .

The.fines, which sometimes are plastic or.can be made plastic by
- an addition of some water are formed to—-irregular balls by passing’
- rotating“drum’Qf'b&'bfiQuetting,\‘Théy‘are dried after which the -
_balls are hard enough for the carbonizatlon in the sane way as-the
908.1‘-,88" shs;_l‘e.r . o ‘ o L LN E A .

— - She”capaciby:of the Kivioell kiln has been increased to- )
a 5éi1yfcapacity of 460 to 500 metric . tons, wheréas- the Sillamaegl
kiln treats 500 to 550 metric tons per day. The efficiency of the -
011 extraction utilizing the tunnel kiln,1is 92 to 98% compared with
_the Flacher Assay. - - 0 T o0 e s

(PSP - - SR,

' : _ I o L, ‘ g
... - The quality of the olls is very good contaiuing -a high -
percentage ‘of light oil due to7a slight cracking of -tu ULl vapors

‘in the heaters, : B

' Operation ‘of.the tunnel kilns must bé'éiopped and the
41n cooled“down~every'a?to?5>ﬁéeksrfbr=a thoroughly &dnd->cbs¥iy”



cleaniﬂlbof heaters and pipes; so that é!% working days'are reduced
40250 .= 300 days per year: In the tunnel- kiln very little perma—
nent gas is developed from. oil shale,  The condensatlon of the oils
and recovery of light oils requires a relatively very small instal—r
lation. The recirlgd gas which enters the. shale 1is heated to not
‘more. thangﬁgb - 520 C. The oil vapors being. slightly cracked durir
their circulation.throuph the heater the tunnel: process furnishes‘
foi}s—w%th_a very higk cnn®int of 11ght oils, = e -

. The necessity of frequent clsaning under unfavorable
.working conditions and the periodical standstill of a big part

of the plant makes the tumnel~system unsuitable for smaller plants
.and for a high 1abor standard High cost of repair and 1abor makes
its operation. too expensive 1n most’ countrles, and for any shale
‘with lese than 20% of 01l content, For Estonian oil shale and the
labor conditions of this country—it has been proved as most success~:
ful for many years.' Some figures of the productlon and operation

of ‘the Kivioeli plant are the following: .

011 shsle. charged (10—80 mm s1ze) , o
' e : o -

Moisture; g 7 5p : Fischer—Assax, 500 G

Analys1s based on drv Shaies L: jOils: “'28;9%

‘ccgz - —»18,8% R i . 5,0 :
pon 27 Loes.sp Res:Ldue 69 o4
Organic substance 34, 4p “ifl_ . Gas_{t 7v6.6% -

figures are taken from the report of a. thorough éxamination of the
4 kiln plant Kivioell practlced in August. 1938 by LURGI %ngineers,;

The organic substance’ of‘Estonlan 011 shale is relatlvely
'_high in oxygen and nitrogen,. which determines "the special charac—
teristics of VStonian 011 products . - Ce

: A mixture of all the condensates made “in proportlon to pro-
duction fi,?ur'esQ showed the folloW1ng analysis,

0118 ' . ‘: T *vu

. o._" L T "“&"xﬁ
1 ~at-1520,— il 0.946
Hgo . . ” : - ﬂ{f ' o ’ lol/do —
dust (un_soluble) o 0,10%.
red resins . | '“896% o
-asphalts ' AO,Sﬁ"»
ash © 0.02% -
" phenols - - 16,3%
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Ltnentary ana1y51s s
(o 83 2%'
H . 10.7% .
s '. 0.8%
9 5a%
II;u Distillation test”(Englerl;;_;

l
Boiling point 60 G,

~

o 1oo c. totals A%

RN R

: 106- 150°

. \‘01

-0 _ L '
150-185 5.5% 17.5%
o iy
_ 185-.250 & 7.8% . 25,8% ..

34 5%’

O
.
LY
R

\250—-300

800--325° 3914

KN
-9

.

R

III. ~._Fractlonating-test
a.b benzine - 185 . © 17.8% velght
b,  ges oil 185-825 s 25,3% "

| G.": res. “Ivie . B8.2% n .‘
‘I_V‘.. Fra'c;tions, - ';."w'; _
" a;’:‘ _Benzinef g,rav:.ty 1500 0,743 -
o o ! sulfur o '0'.8‘%. .
. | oo ~-Aphe_r}913 ' '0;8‘-,‘53
Di\slfﬁillati‘onf (Engleii)'ﬁ_ | B -
~A-“po_n‘1n_é pb__'i.ﬁ—i:' ,c;soc_. ~
:-';7‘5°.,c.;.... R :1.9-;'5%'-'tqta].. 19,5%
75#'8;0@(.;. | o '4.5% - ",'24.0%":’;
.80:16&_)° _ i Yo.0% ©43.0%



- O g .
gravity 15 C.

100-150" T 59.0% - 82,0%
‘ 150--185“ ' " 10.0% éa.’o?’
_End poin’c 201 ' | és.o%_‘
b, Ges AR gravity 15 c, 0.908,
.,.'f é; sulfp? i,é%f:
- | i ‘phe;ols ’>r } Tié,gd
Distillation (Englér), ’ S A
boiling point ‘ 144 c. ‘ , T__
.= ;85 c. ,___@ o% v°1 total 8. o%
» 16‘5—éoo°c;‘: 8. o% L 14.0%
-aoo-zso c ' 31;5% '"'; n 45,5%.
.250-300 6. ,32.59% . on 7.8'0%\
.‘500-350 c. 1’1;.575 v m T go.5d
Ead point 374; c - | : ?5&%1
é,.'ReS1due (f"" dﬁi)_ : B )

1,081

- paraffin wex 0.0%
Jred‘fegiﬁgﬁ —_’”IEIOJ-
3 as'phan—féf . 1 4%"

:-Distillation under vacuum (4

mm Hg absolﬁig); 
‘ .

to. 200 C 7 Oﬂ totg}ﬂ? 0% W,
goo«,-zas‘?c;.. 12,14 1a, 1@:; )
- 225-250 C1 12-.1%. L, zc’ W
< .','_’ L C . :_ . S
250-275"6, 11,49 4B 6341
_-275,.-3oo°c._ 11, 3% -~ ’53,9% W

11, 24. |
11,89

) o
»__300-325 c.
325-3650°C -

65,1% W,
76.9% W.

- ':1-:-;:

residue (pitch) 19, 6% = 96, 5/a W.

;ossee_ -

v,

" B,5%
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L
#analysis:.

. C= B82,8%
BZ .9.7%
sz 0 8% g
0 ‘-'"-'l;"'_'6 40,3

";Nﬂzf 0.3%

R

CHIRLV,

e e /e

’Distillation gaa

. Ana1YSis. 05 = 23. 2d_m
.Hés 4 RSH 10_5%v
cn'Hm. I 14, I%M
0L, = 7,0%
€o . f’-.:.b%o% |
T HZL:, 12&
» chHZn{?- gl O%

1

Ny T 2.5%

H.H.Y,S 7910 Gal/nm®

L,H.V. T 7156 Cal/am”

- Products oﬁjafquil §halé§_

,—-.water s
_gas -

Lcoke | '4 b o -;:"'?2- 88

el

9.38$‘Ca1/kg

Products of thc nlant for 1939 wére delivered as follows'

‘gasoline to. Estonian market

-fuel 01l to German Navy

,_various oils ‘far 1ocal market

Loss af. reflnxng

s

—
-
P
-
-
-

u

16. 34p
76!4% -
- 4.3%
2.96%



d.ﬁggconomy of Tuhusl Kiln System

] .For a plant nf‘msdern design as shipped “toiBetenia in -
1943-44,the cost -~ ~ze¢tions of a 900,000 ton per year plant
ready fnr ope"atlwn are the following: o
. : , _RM B
1. Storsge for 5, OOO tons of raw shale with conveyers 800,00(‘

‘z.s Crusher. plant thh screenxng machihery bins and

'building o - "qu 1 OOO OO&
a. Plant for ‘treating fines of shale by agglomeration o
T and drving A ;- : e . 900,00C
;tn Carbs nlzer plant. consisting of 6 kilns and T TR e
o trarsport equipmeggﬂ“‘*f:;:~ ” Leee -6, 100,000
5, Gondensation plant with 011 scrubbers and plant e
Ffor distillation 6f Washoil S ‘ ©~ 800,00C
6. Top diStilling of crude oil S T .0 500,006
T .Electric equipment S R :'500'00C
84 ?iping for'ﬁager & steams& reésgliﬂé‘tdwerafq ' 200 00(
9, Building for 1-8 . . oo 1, 400 ooc
‘105 Storage tanks For oile SR ST 300, 00c

lig‘ De;;very and ii:iributing of-water, steam, energy - 660,00C

12, Raile-and streete - .. 500,00C
: 13;' Office buiiding.‘Laborét5§§frepair shop, | S -
soc1al buildingS»'_ o o o _ 600~OOC 

" 14, Power station ot heated 15,000 RW . T B, ooo ,00¢

15, Miscellaneous' o _ ?,;-'; ;~~“*in o 650,00t

R - - R 1.f . - 18,000, OOC

oy

T This layout prﬁviaes that sufficient gas is available from

_a;pther plant working with complete gasification of shale, "1
*‘Otherwise  the power station had to be fired with oil shale, or -
‘power must be botht from outside (waterpower) and the heating
of the carbonizers ‘would require an additional gas producer '
plant. : ;

-4

The following calculation thereforé shows only the influ—
-ence of jinvestment-cost, labor and repair ‘under most ‘favorable
.condltions. and allows to compare this: system with others._g..

_ Operating fi*ures and ecnnomy of plant operﬂted with-an oil
sh?le with 21, Sp tar based on Fischer Assay(and 96p recovery, .
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1 ﬁ, apeclty and products

011 shale treated per year - 4 , 9Q0.00Q.txper’yeer_

Re31due W1th 10 moisture S o 734,000 ¢ per'yearx

Oils' Crude-oil 964 “plv;‘ 186 000 t per year'
fuel oil 78% of crude 011 145 000 t per year -

benz1ne ?kp of crude ‘o1l 41 OOO t per year .-

| ‘ R
gas: .22, 5 cgm t (7,156 kcal per cbm) used for heatlng
20,200, OOO o year L= - ) :

é,'”Energy. steam and coollng water

. a. Electrlc energy '-f

60 KWh per—ton of shale 54 OOO OOO'KWh per year

b. Fresh water ' R IR *»"'T i Li o

e "3
\.4.50 m _per ton of shale o 450, 000 ms/year

";ﬁrpmwr“> ugfev¢_a,}&mcmo
e i T T B L .
TCai Stea‘m _ R R S g S : ,& o -:

o

a.: Additional heat kequired for kllns '

4 per ton. of shale o a‘qwi360 OOO "

- 320, 000 cal/ton R 288 Bill, Gal/yesr.
'for power and steam el 'fwfgf',180 Blll. CaI/Y?ar

3.. Labor, included for 1ocal: renair work

A -

480 unlearned Laborers

70 1earneﬂ Ls1Dorers .
20 for power statlon '

.'m,

§ laberatory;socaal—rooms_"u-

'fﬂ.~ '6 foremen - . - e Lo A
_.. 3 engineerc R e
1 manager ) ) . :_-,'_ . ,,_aJ -

B S T RM- L USA-$
4, Investment;;capitaln' B 18 OOO OO@T- 10{000 000,

4 ’ (ORI

working capital. "nz;,;';ﬁﬂrl 500 ooo< 500,000



--5. Uroduction—-cost R Pr— M,U.SA%"

:1011 shale, (including dump of o S
7resxdue) . LT P

- soo,ooo tons x 5 00 BM 4,500,000

__ 900, ooo tons x &, 00$ — e L. 2,700,007

o

Water' ' -"“*j, | 5'  B

| 750'600~toﬁsf@' 0,05 B " . 37,500

750,000 4088 © 0,03 $ B T - -

Wages for Iﬂbor

610 @ 3,000 BM . 1,880,000

610.9 2 000 § -1 . T S T

'_].Engineens R o 70 ooof S st 38,00

Repairfand 0perating material e _1f

2.5% of 18, ooo 0go B 4}'_'1_.*‘ ».'._}ff'l? 450 ooo

2,.56’ of - 19,000 ooo $ ERIR '- LT e 250,0¢

'Amortization—cost .

8‘% of. 18, ooo ooo RM '_ o ‘1._440 000"+ _
e% o£ 10,000, 00§ . - " 800,0
Interest ’ ‘ ' '

| :3% of 19,500, ooo RM . 585,000

of 10,500, 600 $ . om0 Bs00

" Taxes and Admiaistration - . _ 550,000 - 800,0°
total ccst per year BM 9 462 500 T - 85,642,E"

PRSI e ———

Production cost ner ton of oils

-

o T

9,462,500, o T 1,00 RM/ton§ e
-186, ooo S . L

S e _5.L6_4_?_-..5_QQ.—< o '30,,.4'3 ﬁériféﬂ

SN 186,000 . R

4—

Gost of gas . for heating éf k*’n and boilers 1s not 1ncludec
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OperéfingFCOSﬁ_ner<ﬁon of oil shale--

LR T

' 9,462,50014,500,000 <" - T 55l RM/ton'
T 800,000 - L |
S - TN o
“5642,500-2; 700,000 - . < 3;27 $/ton:
| 900000 cr mEEELEE

Opgraﬁing cost“ber ton of oils - | .. |

990,000 x 5,57 .. . F. 28.7 RBM/ton
186,000 . . o e T
900,000 x 3 27 :',; T T 15.8 $/ton |

186,000< T T T e

The operating cost per ton of shale .is extremely hlgh

owing to high investment and high labor cost.\ “gﬁwwmwz'

_Payment for heatlng gas would i“crease this cost accordn.
Abgly. R T

7. R The Pintsch.producer system for carbonization and completi
gasification qf oll shale was developed- in Bstonja from an exper.
‘enqe with byaproduct prodncers for lignite br.’;.quettesP

_ With oil shale the amount .of ‘gas produced by gasificat;onﬁ
"of the £ixed carbon. is toq low fo; .8 controlled heating of &)
carbonlzqtion zone. situated above the gasifying zone,  In order:
to increase : the heat transmission and the quantity of gas, whick
is introduced into ‘the carbonizing zone, part of- the cleaned gas
is recirculated into. the- carbonizing zone after- mixing it with
“the hot gas produced in the: gasification zone,‘ PR

i . .

The Pintschpsystem 13 shown in’ Figure (3) —_— _;L*’ei-{

. The distilling gas is introduced into*the carbonizing zZon
with a temperature of 550 to 600 degrees centigrade, .The residu
of carbonlzation is gasified with alr and relatively much steam—
'in the lower part of the producer, which is provideéd with the.
usual- device of a water-—seal rotated for’ the extraction.of the
ash by means of e usual’ stationdry shovel : : :

“f?_——"Afpiant—of—thxe—type—was—operated for—many years_in—
~*Eston1a. -The pesults were. satisfactory.-with a produycer of 8 fee
of inner dlameter, wiich is considerab;y reduced between the—-
'carbonizing and tne gasifying zone for a bexter distribution of

the gas. Lo P . , IR

Fines below 3/= inch cannot be treated Very rich or('_
fusing shales cannot be” treated without “serious difficulties in
operation. .The gas:ification:zone needs frequent stirring, whic

~.reguires heavy and castly. labor, ° The great amount of gas’

 recovered from the shale,- however, has proved an 1mportant advan
. tage of this gystem where coal is not available and _all the heat

stedm, and energy required for_the mining and the treatment of
28 .
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thexsnnle and;théybilsfmgst;be piocgfga%from o1l shale. 4n
‘equal carbonization requires 1100 m" of gas per .ton of shale,
700 m” coming from the gasification and'400‘m3 being recirculate

. -, " With lower grade shales the recovery of Yenzine from a:
‘rélatively high quantity of gas bgcomes difficult and costly
with this system, Variations of design with the purpose of
‘higher capacity and simpler construetion, for example, an .
-enlarged diameter; not reduced between carbonlzing and gasify-
' ing zone, have proved a failure.® . S
, The capacity of an 8-foot producer is 35 %o 40 tons of:-
shale per day. The recovery of oil amounts to 80% of the Fische
assey,” . T T oo “V B

<

»» . Tor shalés with a low fusion point.of the ash and for a
high labor standard this system of a gas producer becomes very
‘expensive in operation, . REE P
‘8.  IURGI-Carbonirer with Gasification Zone. The LURGI- Car-
_bonizer has, recently been developed for a carbonization and com-
plete gasification of high~ash fuels, ‘4 description of %his
device is given in chapter III, B,- ~ SRR :

T . decording to large scalé experimenting with oil shale and
the experience in carbonizing coal, this method is very ‘efficien

/th}reat'higher.grade;shalesfwith_moge_than,lo% 0il and a cor- -
responding amount of fixed éarbon; - With an 0il recovery of . .. .

90 t6-95% sufficient zas is préduced to operate -the carbonizers
" and po*produce_the gneggy;énd Steam rquired,fox_the p}ant;

~ & plant of this system‘W1th28lun43§qbfi%@QQ%ﬁOns capacity

is under construction in Spain, e S
'§." .EheJLURGIQQQhweitzer system of“cérbonizing;oil_shaieaf:

‘has begn;dé;gloped‘iy'therLUBGI'Ggmpany;pggether with_the :
Wurtemberg Goveranment according to proposals of Dr. Schweitzer.
It is based on the idea that low-grade shale as that of " .. :
Wurtemberg can be treated economically only with a very simple
method, Wtilizing the fixed carbon of the shale for heating,

This could be realized with 'a:combustion zone operdfed with aiv,
' thé eombustion ghs entériig immediately in a carbonization zone.
Former experiments had proved- that this process could not: be .
_realized by operatin. ‘rom below upwards because a condensation
‘of steam and oil-vapo:s could not be avoided, “but it could be —
‘realized By leading the gas downwards, Inthis .case condensate:
- flow downwards with thé gases and may be evaporated again with--
out being cracked into gas and without disturbing the fire. Th
vﬂéﬂﬁgp;gf;hpawyl;llékéring ard sticking to the.-wall has been

-—¢veércome by using a shaft made af a relatively thick sheet-iron.-

which is not lined with brick nor insulated outside, and which
carries the heat quickly away from the relatively low gombusiior
zone¢ S0 that a maximum temperature of “the-wall of 600 Centi-
grade--1s not exceeded, the maximum point permanently moving
" downward. An additional cooling of ‘the combustion zone. can be

‘performed in such an open cylinder by'spraying waste water on

29



- ghexsurface of- the shale, part of this water is evaporized mmd-
-pg?ses.the'c0mbust;on~zone together with the air for combustion;.

”___-For_the:ope:at;on'of this process cylinders of a diamete:
of 10 feet and 25 feet high are. used, which are slightly wider
at the top end... The shale is supported by a grate at the lower.
end and the cylinder, -which is open on both sides-during opera*
tiqn, is connected to the basement by a watér sealr A group
of cylinders are connccted to.a common main under the floor and’

—%o & common devica Tor gas c¢leaning and benzine recovery, For

£illing and discharging the cylinders are earried to a £illing .
" station by means of a.crane. The cylinder containing 42 tons '

" of shale in"& layer of .20 feet has a capacity of 35 to 50 tons
per day according to the speed of combustion which must be lows
ered to l/2“foot per rour with a poor shale of a very low fusion

- point of ‘the ash, as ' in the case of Lias oll shale, and can be

increased to ane foot per hour with a higher &rade shale of 3. -
__inch moximum size. 10 to 30 cylinders are operated as a con-
“%inuously working unit, - The exhauster of this unit sucks the =

“combustion air into the. eylinders and céarries the gas, which con

tains the. oil vapors, through the electrical precipitator, the
coolers, and the oil scrubber to a boiller plant, where the steam.
for the benzdne-recovery and for the production#ef energy is
produ?eg, L S e e :

——
o

‘.. TYor,the discharging, the cylinders are turned over by a
special device, &nd filled &t the same place by a special =

- spreader..  This procures an equal distribution of the shale in
the cylinder without a separation of the different size and
prevents an unequal streaming of the'alir or the gas through the

P -

U By Egis.meané:é treatmeqyfcféﬁhe-ﬁﬂSdreened‘shalé;is mads
possible, if the shale 1s crushed‘td"S"inch‘maximum size., -Only
part of the fines is.taken out by a rough screening before crusl

ing, and .these"fines are filled on top of .the 1ay§nugf‘%hale, to

“help a quick and equal ignition of the charge, - "

... With the lov <rade Lias oil shale of only 4g8% oil conte:
. 85°t0.90% of ths c_lc Lave been recgvered, 600 nm- of gas of a

*héag;ﬁgjﬁglqu9£§5OQ<to_GOOfkéaifnm~rare~pmodﬁeeéaperftoﬁaog; i

shalé:.'An,addifian.qfuz.gr»s% of carbon has proved very favor-
~able for better working conditions-and an increased heating
value of the gas, S ’ . 3 : . ~

. With various oil shales of more than 10% oil content,
95 to 100% recovery,of oils, and a heating value of the gae of

700 to 1100 kcal/mm® have been reached.-

— - v

. : . . - . oy
... 'The necessity of a concrete building for the crane and
for ‘theé*pipes underneath the cylinders, which make a big pro—

“portion of this design'of,the.process,_§§h}d;bé4avoided by a
later design, in which rectangular containers 10 by 14 f;g% .
square. and 10. feet high are placed on a rotating platfors which

_carries the,Containeréffrom a stdtion, where they are filled an
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_whéég%the'charge is ignited,. to s discharging station.where they :
are dischargzed, The carbonizing takes place during the slow
‘turning of the platform. -This design needs no building and no
_ecrane. The charge can be ignited with gas and it is possible to -
bring part of the.gas back to the contalners periodically, Thie
.means avoids a loss o 0ils during the ignition and increases .

 the transfer.of heat-Tfrom the residue to the-carboniéing.zone.“

. Reqéhtly"tLis tperating*system-could.be Smelified in the
. continuous working HUBOVEN described later on, in which only the

~ layer of shale is moved on a moderately 1nclined grate,

- Experience with the operating of the LURGI-Schweltzer ~..-
experimental plant caused thorough investigation on the possi-
bility of treating the oil shale by an Underground Carbonization
in the chamber prepared imthe seam and filled with shale. In
this case only 40% of the shale had to be brought to the surface.

”Tﬁé’dﬁaﬁbéfE“EbuIdfﬁe“prépar9¢~by'a~su}table method of.shooting
without any transport of 80% of the shale, More than & years of
experimentingzin*horizontal-chambérs. Ffor 2 years on & big scale,
with a mining method proposed by-Carp and operating in the 3 m
‘seam of 65% 01l content have proved, that with such a low.grade
material the recovéry of oils cannot be brought to more: than
45% of the Fischer assay, even with very careful work and with a
relatively high consumption of explosives, Poesibly conditions
are moré. favorable with a higher grade shale. The elosing of
the chamber and the remounting-of the pipelines after each run
cause so much additional cost that there ie wvery little differ--
ence per ton of shale treated, compared with the cost of one
ton of shale brought to the furnace. The cost of prodﬁctipn_peég
ton of oil has been proved to be considerably higher than with

~a-furnace_of good design. _(Préduction cost 300-400_ /to in T
1945). - T B e R

‘The oils are of a very good quéiity;owing to a repéated
distillation of the oils within the layer of shale, OCondensa-

tion and a repeated distillation of the oils could bé reduced irn
a vertical chamber cperated with.a vertical draft-of the gases,
In this case at least 30% oil recovery can be expected with a
shale of more than 12% oil content, which breaks sufficiently by
shooting., The height of the- chamber. shoiild not be less than 30
feet. - o - o _ : . S

Angther primitive method, the Pile-method, has been pro-
posed by Dr. Sennewald. In this method the shale is placed on
level ground 'in a pile 3 to 4 m high and 12 to 50 ‘in square,’
ander the'pile & system of perforated conical pilpes has been -
mounted before, which allows %o suck ‘air through the pile after

. the surface has been ignited by means of an additional sasily -

ignitable fuel like peat, The gases withdrawn from the pile-3T.

treated by the usuilcondensing equipment where the oils are
separated, After a sucking period of 18 hours the carbonizatior
is finished. - The pipes are drawn out of the pile and méunted or -
another place where a new pile 1is erected, - . R o

Experimental work in small pileélhas given"promising
. 3 l - :



L

reécz,s and an oil recovery of 80% “h piles of vreater dimen—
sions considerable difficulties arose, ‘which could not be overs
come until now, . Probably all of the ten piler plants, erected
before the end of the war, meanwhile ‘have been stopped and ‘the
process given up definitely. )

_ 1. The pile anald not be operated sufflc1ent1y W1th a.
non-crushed and non-screened material, It was! necessary to.
crush the shale to 4-inch maximum size and tc cover ‘the surfacc
carefully with smaller sized shale. :

: - 2, For an equal ienition of the pile a relatively great
_quantity of peat was reqpired.

. - . ,
. 8. Weather condltlons (snow, raln, storm)- often have
rendered the prevaring of the pile’and its ignitlon—very dif-
_ficult and have prevented an equal burning,rf_“ .

: _ 4. The w1thdrawa1 of the pipes, which often were damaged
;or bent by the fire, caused- considerable difficulty and considez-
.able cost for repair and remounting, .

=B, =~The-operating-cost per: ton of shale could not be low—
-ered- compared with a furnace plant . . .
: - Even with a weli prepared pile andmiavorable weather
conditions«the ‘611~ recovery was not .more than - 45%—of the Flscher
ssay and the »ils are of a poor quality.

. ! : ,

S The quality ‘of the gas was only 300 kcal/m (35. BTU
-(cb. ft.), .80 it proved very- difflcult to burn .this gas in a .
furnace. Combusticn is absolutely necessary in a big plant
because the contents of HyS makes this gas rather poisonous, .
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: 10, * The LURGI — Huboven

| For Carbonization and Gagification
of

High-Ash-Fuels ~

\0il, shaleshand other hlgh—ash—fuels like Cannel*COals and
- lower grade products of coal-mining are characterlzed as solid
fgg}s of a Jow coritent of fixed ‘varbon and’ a, sonetlmés extremely
“high ratio of ash to carbon. _An-industrial’ utlllzatlon of sueh’
‘fuels. naturally has to- combine carbonlzatlon with ga51f1catlon
orscombustaon of the fixed carbon, because otherw1se the latter
could not be utilized, and the process’ of carbonlzation would
require. an additional fuel resulting in’ additional -production
costs. Due to the unfavorable-relation of ash to carbon the -
combustion or the ga51flcat10n of the carbon by air or oxygen
generally'beoomes very difficult, unless the ash has an extromely

'hlgh meltlng=point.~yﬁﬂ

For thls reason ga51flcatlon -of 011 shales has-been trled
~in so nany'pllot—plants in spite of the many failures, which -
had . been experienced befores Only in onecase a limited success
- has been réeached by the normal method ‘of introducing air con-
tinuously in%o a fuel- bed from below. | In this case the-ash
. contains so. much” chalk, that its meltlng p01nt is extremely‘hlgh.
~(Estonian 0il °hale)

' In general heavy cllnkerlng could not be avoided in a51fye .
1ng fuels of a high ash 'content. The cause of these difficulties
*1ies in the fact that a small quantlty'of'alr is extrepely .
' superheated by passing a relatively very great. quantlty'of hot
ash before it meets-the fixed carbon for. combustlon. Usually

. applied agents suitable for reduction of clinkering as steaming
or .a very reduded. combustion rate have proved too expensive.
Another disadvantage in utilizing the -simple method of carbon-

__121ng by a direct heating with .the gases which are formed by .

. the combustion of . thé fixed carbon of the fuel is that the
quantlty'of those gases is too small to carry sufficient heat '
from the combustion®or gasifying zone into the carbonizing- zoney’
Cracklng of hydrocarbons or thelr condensatlon andkox1dat10n

)

+ “In W1nter tlme, or 1f carbon 21ng a m01st fuel,.the oon—
~densation within the fuel bed may be so heavy that even ‘com—.
bustion of the fixed carbon can serlgusly'be hampered, By
preheatlng the materlal and reclrcllng gases into the fuel bed

be tween - the combustlon “and the carbonlzlngfzones, these

dlfflcultles can.. be redueed, -
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B '.Theiéxperiggcﬁlmadg'frém the cdhdensati55 ofTﬁa£éf7éﬁdﬁ
:0ils-within the upper zones of the fuel bed have encouraged .

“inventors to reverse the normal flow of the gases as employed
‘by the NTU Retort and the Lurgi-Schweitzer—System. In this
case condensation ‘of liquids is reduced and a-reflux of -
“1iquids into the—corbustion  zorne is prevented. - But. such a

process can, only Be realized by an intermittent working.process,
“because it is impossible to move .the fuel in a shaft from -the
bottom to its top.. i S C T
o This experience shows clearly that for the treatment of
Abituminousfhigh—ashnmateriél_a continuous gasification process.:
is—desirable which works with a gas flow from top to bottom -
“and in which a continuous discharge of a clinkering ast’can be
_realized. Preheating or: drying of the material, if possible;
" should be helpful to control.carbonization-and gasification. - -
TB gas should have a -calorific value of more - than 600 calériés/_
m”-as its combustion cannot be avoided (HzS content). " R

. f;ThéfLurginupQﬁép;is a,deﬁice_Wﬁiéh‘is‘suitable for the
. above mentioned requirement. Details of the process and of _

_ its machinery have been succeéssfully employed in many. .carbon—
ization plants or in big scale experiments for the carbonization
of low grade 1id§-oil shale of wurttemberg, U

- .~—The process—is-shown op--a sphematic}deawingpﬁa;—lféﬁa;wbrks;

MaS'fOl;L'OW'S: - R _,,:. - <o v o . i

P LT

. The .0il shale crushed to maxifimum “size of 4 inches is carried
to the bunker which in its lower part is.provided with’ gratest i
~and roofs for circulating ho't gases- through thd fuel. . When -
leaving the bunker the fuel is dry and can be preheated to
" 200° centigrade., It descends through-a narrow shaft into-an
inclined chamber which-is open.at the top .and, closed at the.
sides by‘parallel‘Walls,_MKnWinclianwgra;§f¢9psisting of o
_groups of.parallel\ian.girders@such'aéVI or rails are arranged -
~"as a support for the fuel at. the bottom of the chamber. Th& "
grate -can be partly moved by means of a gear. A gas. collecting -
" chamber is provided underneath the grate, The chamber is =~ = .
connected at its lower end with a fixed .grate and is opén at
the end in order to discharge the ash. L separate gas colléct—
"ing chamber for hot gas_is~a;rangedfﬁﬁaerneath’the-non—movable;1_
grate,  Chambers..can be provided to both sides of the bunke¥.

A steady movement of the fuel béd is accomplished and contfdilédfl
"By moving part of the gratg up and down for one or two. inchesw.: .~

' Drying, carbonization and gasificatiqnlof-the:fuel is
pgrformed.by'burniﬁg~itsvfixed'carboh~ﬁifh air and recovery
of the . heat which .is accumilated by the hot ash. 'The heat

~“—tramsmission-is carried out by circulating gases through the
. fuel bed. #@ir for combustion is sucked into the fuel by a. |

slight vacuum whi¢h,is maintained underneath the grate by'ex@éqgt
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fan for the carbonlzatlon gas and at the lower end by the

“exhaust fan of- the drying zone. - This fan sucks combus tion gas;,
from the. lower gas chamber into* the drying” zone and circulates
‘the gas with a controlled temperature through the hopper.‘ -The
Surplus leaves through the stack.,w_ 2

: The oxygen content and the. tempéra ture of”the was 1n"the b

lower gas chamber can be . regulated by an introduction of '
additional air or combustible gas by a burner which 1s fixed
to-this chamber.: -The burner is also-used for the start .of thef
plant.' In. order to avoid combustion of oil at the entrance of
;the” dried fuel.into. the chamber hot gas free—izgp?oxygen is = -
used for carbon1Z1ng the upmost layer—of the 1 bed. ‘For -
. this- purpose part of -the e¢lean gas is reconducted after being
heated to - 5OO ceutlgrade in a heater which is heated by the
hot gases. flowing to the drytr. In order. to increase the heat.
tranismission. from .the combustion. zone to the carbonizing, zone
,if a low-grade 0il shale with less than 8% of fixed- carbon is
canbonlzed oil free-gas can also be reclrcled lnto the mlddle

—sethon—of—the~chambe¢. ; :

—4~~£- The res1due of" ga51flcatlon is dlscharged dlrectly 1nto
1ron.gars~for further transport™to a dump by'a locomotive.,
. The gas. whlch is sucked.from the. grate by-the exhaust fan is.
conducted to an: electrlcal pre01p1tator EO a cooler and -to a .

scrubber where -tar oils Qnd lhght oils afe extracted from- the -
"gas, Part of the gas_returns to the plant and the rest is
available -for heatang purposes or. for the productlon of electrlc
energy. - _ o , S e 4 o -
oL ol < .. ‘- - 1a ‘._,_, .

From an economlcal standp01nt some.prlneiples are of
greatest 1mportance 10r the success . of an 011 shale 1ndustry.

_"l;-‘Cost of mechanlcal treatment as crushlng, screenlng, ‘
S nust be'reduced to d mlnlmum. o '

2. :A*waste of flnes, whlch cannot ‘be used for 01l_pro~““

',ductlon should.. be av01ded. : : T _p_,_wr.—_
3. imanpower requlred for the handllng of material and
- operatlon of the plant must be_ kept at a mlnlmum
The grade of crushlng and the necess1ty of fractlonatlng
- 'of the rdw material in-general™ depends- on the load or .the .
throughput per square meter, with which the furnace shall.be
operated. This coricerns an equal carbonlzatlon as well as ‘the
gaSLflcatlon w1th rcspect to cllnkerlng and gas quallty..

Y

i . Mbre than any'other 1ndustry the carbonlzatlon of 011
. “shale” needs unlts of great. capac1ty'but w1th a relatlvely'small
throughput per’ square meter. . B Fom

o
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f Ln thls respect the: Huboven scems .to meet hlghest demands.
Handllng of 'shale™ and re31due is- very’51mple and needs no
compllcated machlnery. .

Jlth one chamber on both 31des of the*dryer and a w1dth L
of the chamber of 6 meters a worklng surface .of ‘the grate of-
120 square meters can eas1ly'be ‘constructed and operated in one4
unit,..; with the low gasification: velocity of 0.15 m per ‘hour, -
whlch has -proved satisfa ctory: for relatlvely'lumpy'cllnkerlng
“shale, the’ capa01ty of such a unlt reaches -

Y

S{f7 120 x O, l) X 24 = 432 tons per day. o .w': ;ff——f

It can be increased con81derably‘1f thepfu51on p01nt of "
the ash and the phys1cal structure of the shale are. favorable
_and. if the crushing to~ammax1mum 51ze of 60 to 80 mm is not toof
eXpen81ve. A U T swwﬁ_“.:SN , = e

, An experlmental furnace wlth a dally'capac1ty of - 50 - 70
_tons has been erected—in.1944 in-wurttemberg (Photographs_#Z and
3)e- I ‘has been’ operated for. nearly'one year with Lias oil
shale. The chamber of this furnace is 2.3 m- ‘wide and 6 m. long,-—
with a_depth of the fuel bed of only 1.3 m; It-has -alsc been -
operated durlng&one week with a moist oil:- shale from Brunswick.:-
This shale was extremelJ'crumbled by'weatherlngNand repeated .

handllng»dlth—a shovel. “Both - shales have an extremely low

content of . organlc “subs tance <and carbon and both are. inclined
to clinker. The experiments were hindered by the facts, that -
crushed’ materlal never could be dellvered to_the plant . and the

' operation was frequently'lnterrupted for - severalfhours by air

‘raids, lack of electric energy or coollng witer. -Therefore,
~ the operatirig of this plant was more or less. a study'of details

of the. process and of the mechanlcal device,- The .plant was

operated during 10 or 12 monthseand showed that the pr1nc1ples

of . the prggess and*the de31gn of the furnace were entlrely «-;

‘correct~ D v Lo i .':';..&g&fw

a. A constantﬁlgnltlon of the shale and an undlsturbed
- firebed could be. malntalned even with unscreened leafy'crumbled
shale of "30% m01sture_and 0 to- 30 mm size, -In both casés- the .
fixed carbon waS less thsn 57,calculated on dry shale4 ‘

- be Thcwmovement of the layer of the materlal through the;
>chamber was absolutely'unlform and. steady'and without any
movement w1th1n the layer in. the vertlcal dlrectlon. :7f7——4—;

.. Ce The movenent—of the materlal could be perfectlJ con- .
—trolled and the “discharging offered no - dIfflculty'even Wwith-a-
hlghly cllnkered “031due.‘1 B
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: The quantlty'of solld materlal ‘and -dust pa331ng
through the ‘grate was very low even with straight- vertlcal
outlets (15 mn wide) for the gas. . This ‘first unit-had no-
‘gas recirculatign and the dried and preheated shale was -
1mmed1ately'1gn1ted by'sucklng in:cold air. Under such’ un—-
-favorable conditions the recovery'of 6ils.and. the. quallty'of
the gas could not be- expected to_be very good.- The amount of -
recovered ‘oils was only'AO to- 50d as compared w1th the Flscher
Assay, Névertheless, - the results of operation have. clearly
;proved -that with 'a suffic1ently crushed material and. reclrcllng‘
of some.gas a good thermal and chemical control of the” process
.gan be reached even with such a low carbon content, A good 0il
recovehyg as: well as a. combustible gas for 1ndustrlal use, ‘can
‘be expected. T : — N
Extended experlmentlng, whlch has been carrled out 1n
“cylindrical furnaces of 1 %o 3-m- of diameter with various oil~
.shales and residues from coal mining, has clearly'shown .that v
with less than. 47 fixed carbon the’ formation of such g’ ga51fica—
tion-zone as it is required for a good yield of oil and -gas -is
very'dlfflcult., Utherwise, 90-to 100%30f oils and a calorific-
value of the gas of 800 to 1200 kcal/m” have, easmly'been reached

' w1th oil shales of more than %gp_oil content. e -_-_‘ oo

ey

- }hth an 011 shale of 10” R - content and the correspondlng
organlc matter which is more ‘than twice as -high as that of the,
.01l—sﬁ‘les which were tried in the pilot plant; a recovery'of
. 809 of. the 0oil present in the shale a@nd a calorific value—of the'
. gas_of at ledst 800 kcal per Nm™ (90 B.T.U. per. cft) _can.doubt~_"
‘less be. éexpected for a first commerclal ‘furnace. In the stataon—
ary'cyilndrlc retort 90-100% recovery was normally'obtalned.
Such a commercial unit of 400~500 tons capacltyecontalns as-a
central part the: bunker and preheater of 5 to .7 m cross. sectlon

" which are made out of concrete or steel. - The gear for the g
movement.:of the grate and 2 exhaust fans for the dryer:are placed

~on a platﬁorm underneath the -dryer. - Another exhaust fan for. «the
carbonlzatlon gasés. is placed underneath this- platform. Both~~wf
- the chambers for garbonizatlon«and—ga81f1ca£ion are connected
with the 1ong sides. of the. dryer, They are mounted on.steel
p111ars. The grates are subd1v1ded into 3 sectlons of 2 x lO m
and one nén-movable grate at-the lower end which is 6 x'2 m_ v

‘“18rge. - The lower part of the grate is coolﬁdqby=water. The gas -
collecting chambers are,made of. sheet iron, - They'are lined with
bricks in: the lower . part only. - The thlckness -6f-the fuel bed is. .
‘provided with 1. ,80 to 2,20 m- accordlng to the phy51cal structure'

~and the 51ze of the shale, -7 g i S S

<"

The- apparatus for the treatment*of‘the gas is placed a81de
the furnace_and_a~central gas purlflcatlon plant for several
units may ‘be” provided as practlced in’ manﬁ big carbonization
‘plants, ~The standard-outfit of such plan ~which con51sts»of '
electrical pre01p1tators, indirect working gas coolers and 011
scrubbers, can be used. L



Belt conveyers'are prov1ded for the transport of the shale,
Wagons or lorries, as usual in the mlnlng ‘industry; can be used

1

for dumplng the ash into the pit or 1nto;é’natural valley. SRR

A plant fqr treatlng 4,000 tons of shale per day'con51st1ng

of 10.units comprises. the following items and cosis of erection:

(costs are based on condltlons and prlce§ of GermandLl938 to

—

The 1nvestments for. mlnlng and dumping'of;resldnas
-are not 1ncluded,

38

1943) _‘ _ o
’ A 'Investnent Costs :- Tt T e
S . | v : - : RM_
a, Ditech Storage for shale (grabenbﬂnker);' - 450,000
bif;Machlnery'for 1oad1ng and transport L | 'VBOb,OQpa
fég';Crusher plant (3 units 100 tons per hour,'. R
' .60 ton crusher) : . T .- 400,000 -
—d. Belt conveyers £0r . shale L = o, 3'170-000“
@y ;lQiGarbonlgers - S l 800, OOQ;;
’fg:*CondenSafion'biant ¢7 ' "vv'"vi b - ,BO0,0QQ
8 Wésh 011 Dlstilléglon plant 150 cbm per hr ) 900 OOO
h, Stora ge tanks Capac:Lty 12 ooo tons - T 300 000
i Dlstrlbutlon system for energy; steam '~“¢,w ‘; ;
SRR and water 1ncl:*mbtors . -~ .800,000
"k Recoollng system : e ~' __:ff4Ai‘.'»' . ~AGG§OQQ;~
1;  B01ler house (gas flred) and’ Power’statlon ‘“:‘ R
' . 100 atmosphére : .. ... 2,000,000 -
2 x 5000 kw' turbines. : - o —_ .
. -Roads and tracks T 250,000
m. Laboratory,~offlce and SOClal bulldlngs - .. 400,000 -
s Z Ca e _‘1 470,000
"Miécélléneous* f"i e 250,000
e e S ‘11, 680,000
Operating Capital - _ . . ‘-1.ooo,ooo
CTOTRL 12,000, 000-



Bz Operatlon flgures for 340 working days per year.

1.

':011 Shale (long tons)

" Carbonizers - .-

f,Elecirlc;an, Repair':'

Total investment cost ;-' o "f' Germany
. . . : o . o E . .";-" RL;

‘ '*dperafing“cépitalni*' . 1,000,000 " -

340 x 4 ooo l 360 ooo tons/year ‘ ;.*

. USA -

. c IR
eI 11,000,000

é,, 000,000

~ 500,000

‘Fresh water 250 x 8 600 2 150 000 cbm per year‘.

:‘;Laborers and employees

“,Shale storage e j, 7 '3rmen

Conveyers—— - - | . - .. 2 men
“Crusher.plant e

\VS)
i

L

I
N

R
wymwmp
|

‘Condensation: plant
Wash 011 plant cmee T o
7 Tanks and Loading — . -
Power station = - :

s
ik
(N

o

I\J

”Guards ‘ . '
T 48 per shlft

.3 shxfts S - ol 144_

>

1 shlft '

[
]

[

repair shop | - . _ 100

_outside work, cleanlng Sl 10
Laboratory e g
‘Office and’ drlversn__1 S 10

T Social- roomS— = — b

182

' 10% for- vacatlon o e _18

Total Laborers S 202 ‘

*‘offlcen§=:'“<‘ .. 4 foremen
RS e s 3 engineers

el S M..'u.' - 1 managerA_L

(SR X ,'~‘~". )

”:~Produc11on of 01ls (l2p 011 content of shale?

'1 35@ ooo x 0.12 % O, 8'“""’j“._ 130 500 tons

e

.....

907 uvr 01ls' o -~’r R -1175450 tons -

_;10% 11ght oils .- 77 13,050 téns



c.

Productlon costs :

-Englneers

011 shale- (1nclud1ng dumplng - L

of qsh)

- -,;_.A,

Cad

;~Gérﬁany“  USA

l 360 OOO tons @ 1 50 RM .

Water. —'JV

fz 150,000 cbm @ 0.05 Ril,

T;.50 ooo obn @ 3¢

'Laborcrs 202 € 3, OOO Rm_

202 @ -,92 OOO

R

B J‘

‘1 360 ooo tons © &,759.'}

' Repalr and materlal for operatlon

2. 5p of T, ooo OOOﬂRM

- 2. 5% of &6 OOO OOO

Total Coéts per year— -

40

'Amortlzatlon Cost vﬁ;i;::. .
8% of 11 ooo ooo RM 2
_ 8% of %6 OOO OOO

"Interest—b — i )
_3?'of 12, ooo 000 R .

',3~_of @6 soo o0 . -7
Taxes and Admlnlstratlon.fi

T ams;0000 0 -
o - 150,000 -

" 880,000

0,00

L 4,728,5007 2,543,

e gy

2 040 ooo~w~;,

107,500 . -
LAOmB0
S - i 64:

606 OOO

R E

_"M 1 |,020Q, ooo

500z

e 404,000

;6Q,Qoo,‘ 30, 000

R

~ 195,

T " 480,000

OOO

4 328 500 2, 343

aoo ooo B 2oo

500

OOO

500

-




Productlon cost per. ton of 011 ;;i.wf',:{”if‘RM“u - ;$ o
L 4,728,500 T se0 R
130,800 o e oo

PG 2,543,500 R -
e ~21.30,500 B A»i‘_;:_ S : .7

et k o

The heatlng valuc of ‘the surplus gas o e Cm
~at least 300,000 Cal. per”. ton of shale - - :
. is available for production - of power:
_ q.ﬁor for.saleﬂ'~It -is- net—aeeounted for,
b -t .4 ‘ — - _ ‘
Operatlng Costs pcr ton~o£ 011 sHale . T

4728, 500 = 2,040, ooo';;7 -
| ST 1,360,000, o - e
~-°IT;*-if* IR ho

1.

P
B Ve NI
e
o

oy

2 543 500 1,020,000 =-* . o e e l1es
. 1,360,000 N N

Operatlng costs ‘; - ;_,M;;_',Lf;_qqﬂ%;n;

per ton of ‘Sils o e

. S ﬁjlaGRwa 7,80
‘ 4 .;. 4 ! —-_.., 30 500——‘. R ',...u ‘ " . ‘b o o
: M The above figures shall glve but a rough estlnate on the
_ reélative influence ‘of the mining costs, “the operatlng costs, -
“zand the loss of oil due to the necessSity of- ‘the waste of flnes

"“or—dueﬂtO*an 1nadcquate efflclency of the process.,'_ R

R

— {

Flgures correspondlng to .a. 957 eff1c1encv'of oil - recovery
or to an increased 011 content (14 3% 1nstead of 12”) are 'as-
follows-'f"“g‘u 13: i

Operatang costs per ton of 0113 o ﬁ'f N

80 x 11@70 T 59486
e 9,5 . :



‘ Cost of 011 shale per ton of 01ls‘%

80 x 7. g0.= . . = 356.57'
95 T j" ) L ‘,'_. I
s Productlon costs per ton of 01ls'wf” ‘ﬁ w16 43 per tonu

: dlth an oil content of 14.3% and 95d re— -
) coveryy “the’ productlon costs are L -
further reduced to 16 43 x 80" = $13 84 R
- ) . 95 e

"".3." R ,N ":.;,- -

, l. A waste of the. “flnes" Wthh cannot ‘be treated,_.
_1nf1uen0es the cost of. the. raw material only.~ P c

; 2._ ngher costs of»operation (capltal and labor) is of a
;;relatlvely'hlgher 1nfluence on- the total productlon posts. "

T ~3; AT higher efflcienoy'would reduce the cost of the raw
nater1a1 and the cost of operatlon, ',_. s L :

ek;' In ‘case of treatlng hlgher grade shales w1%h an oll—content
~ of 20 which probably'need underground‘mlnlng, the. cost of the -
o shale mlght be 1ncreased to $3 per ton._. =

wlth 95% efflclenj 1 = 5&3 tons of shale -are-
o e <0e95 x,O 2. . . :
requlred for the productmon of one ton of 011. .Vf

______ :W.The production'costs are as" follows'“

a, “For shale 5.3 x 3. 00 = 3,15 %0
n T T |
fiFor operatlng 54 3x 1. 125 SETRERE 5{9 .

_ Total. productlon costs per o .
ton of - 011 ST Do - ¢21 8 per ton »"
These flgures show that in case- of underground~m1nin the
productlon costs . of oils are. so. much- 1ncreased that they’
-become higher than those of_ehlow_grade 'shale- Wthh is mined
“by open cut mining and- operated'W1th & low efficiency of the :
011 extractaon.ne-



9f Methods of brlquettlng lignite and flnes of coal

ngnltes with a hlgh mo;sture content mostly'mined in
open ‘cut mining,” in general are much dlslntegrated a}ready'after
mining and transport, L or they'are dlsintegratang rapmdlyg ‘when
drying on the transpdrt to consumers, or when dried in-a dryer
in order to increase. the heating value. ‘Such lignites can only
‘be utilized near the mine and for. boiler firlng,—/For the
utilization in a distant: market or for.a use, for ‘which a. solid
‘lumpy fuel is required, it must be dried -and brlquetted before. .
shipment. ~ Briquetting is also requlred for the carbonl atlon ‘

or the gasiflcatlon of such llgnltes,

IRV E
- : o
R —t

1. ngnltes nd most Sub-bltumlnous coals can -be brlquettec

thout a. ‘binder. only'by sufficiemt pressure when’ they have: been
dried to a certain moisture content and grinded to a dertaln
degree, both depending-on ‘the nature, of themraW'materlal.v'Very
:little or no. grinding is: necessary'w1th the -German lignites
“(brown coal). They ‘easily disintegrate ‘to-a size of 0 to 4 mm -
1when dried from 55 to.15% moisture, ith this size and moisture
-content tney can ‘be briquetted, to a-'solid briquette by using.a .
pressure of 1000 to.. 1500 kg/em”. . For ‘sub-bitumineus coal and
bltunlnous coal a better“grindlng to & maximum:size off 1 mm
‘with 504 grain. under 10;600 mesh per_square—mm is requlred ‘and
a. pressure of 2500 i@«BOOO‘kg/cm e g et TR

oo

o Ten years 5 ago briquetting w1thou€’a blnder has been
llmlted to German brown coal. -Qther coals;. mostly anthracite and
‘low- yoldtile- coal, have-been briquetted aftera moderate- grinding

~with an addition" of 5 to 7% binder and with a pressure of 2-300 B
kgybm%; These brlquettes are_sold for domestlc use. '

- In connectlon'W1th the carbonlzatlon of coal for 011
production and.also for theLproductlon of a clean soldd- cokE
from_non-caking coals for household and ‘industrial: purposes

new methods of brlquettlng haVe been developed recentlj., .

_Tﬁé process used in the llgnite"flelds of Germany‘worgs as

wfollows-, : . : ‘

- ’ " The raw- llgnlte Wlth 55 3. 60d moisture - is crushed
to 6 mm size with a hammer mhll and then dried-.to 15% m01sture“
in a rotating . drum drier. This driér is fitted with- s several '
hundreds of 4—1nch pipes which are outside. heated by'steam of
2 kg/om“pressure and through which the lignite passes slowly -
“owing to a moderate inclination ofhthe rotatlng driums The.  °
dried lignite; Wthh_lS then of the rlght size for brlquettlng,
Jds; “cooled down to about 40°C and is then. brlquetted in a piston’
press (exter press) in ‘which theJlignlte is pressed in an
engless rope through a horlzontal channel W1th 1200 to 1500 kg/
cm® - pressure. . :
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.z, These briqueties are also used-in a big scale in LURGL.
Carbonizer plants for the production of ‘0ils, The coke produced . -
by this method is relatively weak and to a great proportion smallel

~thdn 1/2 inch, so’ that 1t is mostly'sold..ato;power.'plan't_s'a,t'*,a N

l..lv_.oiw ‘price -or used in‘a Winkler gas "producer. for the production
~of water. gas. - - o SRR

2. A better quality coke is produced-by the LURGI-KRUPP -

_process  of briguetting and. carbonizing, recently developed and "
;operated in several plants since 1935,. -1t has.been found, that
‘with a briquette made—of a' fine powder, .:»homogeneou's' vwith relation

' to -the size and -the moisture content of its particles, 4 dense .-
- solid coke can be- produced by a very slow increase of the temper—
a-’a’cure‘du::ing_.carboni'zaision..;.- The _economy: of- such a method of-- ..

carbonization is. conS jderably improved-by: the much higher price

of the lumpy coke as’compared with’ former methods. —A‘new me thod.

+ of drying for lignite was .developed for this purpose as well  ag’

"a new press able to. treat a: yery fine powder with an increased’
" pressure. . The process Works as follows (Fig 5): - ' N
© .. L. The .raw_Lligniﬁoé_"ism-reduéﬁef,cl_f;ﬁto_ .4, mm sige by screening:
and crushing.’ It ig then dried “to 8% .mois’ture in a stream of

. hot combustion gas of 1000 to l'lOOOC». .This "‘djryin.'g' takes place
.in less than one second ‘and causes a moderate‘“'e:@plbsionf‘of “the.
—greater 'par_'ticle"s by the spdden;,i_@_vapc;ratidn of the moisture, . -

The . waste gas of the drier ,; together ‘with the coal, ‘passes:a- "~

" fanin which the drying and- grinding to a fine powder is _Somplet.eé'
The gas enters this fan with "300°C and leaves-it with 120 Cenin
. The_fine powder of: coal is then separated frgm the gas by.an -
‘electrical’ precipitator. It is-cooled -to 45°C in_a. cascd e,
coolér by means.ofjan innert gas circulated “through this cooler
and a spray cooler- operated with waters . v T o

T Do It ds then briquetted in & Krupp ‘roller-press.. This
- press consists of a steel ring of 2 me ters. in diameter, within
which' a disk wheel _of- 0.8 m diameter. is rotated on a horizontal -
. shafti—The briquettes are ‘made ;as an endless rope between the -
‘disk and the ring, with 'a pressure of 2500 kg/cm~ The .ring is
fioving absolutely free on iwo roller bearings. only by. the frie—
~tion of -briquetting. The.endless rope of briguettes is broken -
dnto “briquéttes” of:.4 inch length according'_,:bo._A_‘notch._qs ‘made on
'~ the rope.by small tegth, on the outer Tim of -the disk. This =
improved principle bf.'briquetﬁihg_,:need's?f less energy than the

“'piston press in spite of the higher pressure, The “capacity of

a _press -amounts, to. 300 to 500 tons “ofbriquettes per day..

T The brique ttes—are very homogeneous and much-harder:
-than- the. normal)_briguéttes. When heated slowly.they shrink sO .
equally without splitting that 50% loss of volatiles are equalize:

by 50% 1oss of volume and ‘with older lignites and sub-bituminous -

" coal the carbonized brigquettes may be more solid.and more-
_resistant to a_.b,nafs“i'orrfthan” a.good coal briquette. o

non

D b
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: combingd‘antrifugal fan‘anQ“ﬁu1vérjier -

- Lump Cokeé. {(Lurgj-KruppuProceSs)f

raw coal bunker’

goét“féed hopper .
coal drying oven

~gas burners of dryingfoven;f’“‘“ 

coarse gulver ized coal separator - -

gelectrofilter*for'precipita;ion”pf ﬁuTyerized coéT‘

‘pulver iized coal cooler

pulverizedvcoaf storage bin
pulverized coal .conveyor
ring-roller press Co

br i quette~conveyor -



, 4For subbituminous and bituminous eoal this metnod of
briquetting requires ‘a finer grinding by a pulv rizer or an addi—
-tion of a small emount of binder t5 increaso- theiplasticity of the
Taterial,- As e binder 2 to 3% of hepwy o1ls ar sulfide liguor have
"been used,. The bindq; required can: easily be - separated from the -
products of carbonization.“_p‘ : . B
. .. Big seale experiments have proved that a first-clase cok
?suitable for water gas producers and blast furnaces, can be pro— -
‘duced in this way frem bituminous and subbituminous coals which:
‘cannot e treated ine ooke oven.‘; ' - , ;&ﬁ;f_ .

- The fine coal being very suitable in;general for a sepa—
ration of ash before briquetting, it .4s possible to. produce 8
highqgrade coke with a reduced ash contentt ' _

SRR The wsual methods. of briouetting with_p_tch .or asphalt
‘as binder have not proved satisfactory for carbenization, ™ ghepp;
roller press .normally used does not" ‘allow sufficient ‘pressure 88 .
necessary for préedusing a dense briquette with a reduced content _
of binder.- Normal briquettes, made with 6 t6 7% of pitch, soften’
in a furnace when a temperature of 70 0 1s pessed, . They cannot be -
treated, therefere, ina continuous vertical. furnace or shaft,
‘They conld be treated without disintegration in_thin layers, -as
for instance, in a.tunnel k{ln, But_ this method of carbonization
is relat&vely expensivé and does not- allow a'higher temnerature :
than” 500 G. as-- it is- required for a“good low volatile coke,_

. 4.~- Briquettes made frcm bituminous coal with the normal
equipment of mixers and roller—pressee but with sulfide~liquor ..
as & binder have been. carhonized suuéégsfuliyl&n a 10 carbonizer
Iplant -at Bleohhammer. The capacity of a LURGI carbonizer couLd

S For briquetting. 2% of eulphite liquor (on dry basis)
'is used, ‘and the briquettes arse’ dried and -hardened in a special .
belt drier Yefore they are charged into the carbonizer;” The . -
recovery of olls is/ as normally 92% of’ the Fischer assay, The -
coke 18 very solid and resistant to abrasion if a moderately fus—u
&ing,coal is added to the mixture.' : ‘ . .

B B. By—product - Gasification el

‘l;?g! Gas%g;=gucer for industrial heetinéwgas. - f”'; f-‘

: - For the gasifiﬂation of lignites. dubbituminous and{
_bituminouS'nenrcaking .coals, several types ofi gas producersnof a’
.;special design—h&ve been- ‘developed in Germany, which are. equipped
with a retort or a separate carbonizing zone, . T Usually the heat- -
+ing of thils zone 18 performed exclusively by direct. heating,  Part
of the gas produced from-the coke in a. lower zone by its gagifica—
. tion with air is sucked through the carbonization zone and con-
-~ducted separatelv from the rest of the- producer gas’ t0 .a condersa-
tton:plant. in which the tar” vapors and(sometimee also light oil

/!‘.:




are condensed. -1 to.l. 5m3vof hot producer gas is required per
ke coal for, the carbonization Zone, depending ‘on the moisture-
conmtent of the raw.coal, Mostly gas producers- of the. rotating
grate type are used, of 2,5 6r 3,0 m diameter of the shaft. The
gasification zone 1s. furnished with a water ljacket for a better
control of the: clinkering of the ash and thel movement of the coal
and the gas. ’ R -j : : e

Such plants, up to 500 tons capacity, have ‘beén’ erected'
by the LUBGI Co. and the Pintsch Go.. mostly in works of the '
'metallurgioal industry. ‘ - o

T : ?«The recovery,of tar-amounts to 75% of the Fischer assay _
- and.its quality is good, if a suitable coal which does not T -

disintegrate or fuse.is used, .. o .
[T S - g v‘,... - .

!
i

b, Gas producer for water gas and city gas ffi;

According to-a proposal of Hillebrand, non—caking lumpy
‘coal is aasified continuously with a.mixture of circulating gas
;and superheated steam in a shaft furnace as shown in Fig (6)
'Tintermittently heated by combustion gas It is introduced into
“the:;Fudl bed with a temperature of . 1100 to . 1200 centigrade and
-gasifies the” ‘fixed carbon, The gas producer is equipped with a —
separate carbonization Zone,- An whieh the oils can be recovered:—n
The carbonization zone is heatéd by introducingopart of the gas,
which leaves the ‘gasifying'zone with 600.-to 700 .C, into the car-
bonization zone, After separating the tar -olls from this part of
_regenerator. where. the hydrocarbons .are cracked-into hydrogen.
Part of the gas leaving‘the_gasifying zone 1s washed with water,
.which . takes out dust and saturates the- ‘gas with steam, ‘The sur—
plus of the gZas,:'corresponding to the actual production of gas |
for synthesis, is withdrawn here for further cleaning. :
Anotherﬁpart of the circulating gas is burned in the =
hsecond regenerator with air for its heating up. - The output of
gas for synthesis can be increased by ‘heating thHe regeneratsrs—
.with a. producer gas'produced in a- separated producer with air.<

P Eeeieaees Inathe Pintschvﬂillebrand design of this process 8,
_cylindrical shaft is used for earbonizatlon and gasification.
The vegenerators .are.placed. under thé gas -producer,to. a: compact
junit - the capacity of such unit is relatively small 60 to 100
tons of coal per day. . . _ _ . . 4,_ :

’ - Another design for the same principle ‘has beern’ developeé:
by the_KbpperS“Co of Bassen, -.In" this case a’ rectangular shaft =
‘1s used, its cross- s%ction subdivided for a better control of- the

flow of the gases through the coal, The regenerators of increased.
'dimensions are placed aside-the gas producers and designed similar
to the. cowpers of a blast furnace, The capacity of such rectangue
1ar units is considerably higher than that of. the cylindric -
producer. 200 to 300 tons of lignite. brickettes can be gasified
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in one unit-per dagia_Part of the. carbon 1s- extracted from. the
produce#, together with ‘the ash, &nd -gagified in a normsl gas
‘producet for.the prd&uction of the gas. which ie required for .
;the heating of the.c owPers. %wolf . A¢3

- LA plant of‘the ?intschpﬂillebrand system has been erecte
for the production of: hydrogen in" the hydrogenation plant Wésselin
which is operated Vith lignite from: the Rhine Valley.“” 3
. ; The Kbppers system has been used on a’ big scale for the
'production of water gas foi the Fischer synthesis from—lignite~l_

briquettes ab the Ruland plant. _,Q__ L _ ,fg;;

- . -For coa1~briquettee of a good activity as German 1ignite,
the Hillebrand. methgd. has proved satiefactory if gages of a high
"hydrogen content aké vequibed; ThHe ef#idiency of this process. i
1imited by the maximumh tempefatufe whidh esn. bé etmployed in tne
cowper with respect of the fudiet polnb of the abh of the gobl; -
Part of this ash is carried from the. gasificatioh kone, 1ato the
cowper and endangers .the brickwork conslderably when the fﬁsion
point of the ash is exceeded, .This 1imit of temperatiute makes .
‘the process unsultable’ for a fueél with a low-fusion point of the
ash and, unsuitable, also, when a high content of carbon.maﬁoxide
-is required as e, &g, for the synthesis of hydrocarbons with an
J-iron catalist o . .

~

: o The process ie,limited to a lumpy coal ‘or & briquette
~which stands well agalnst: disintegration in order %o .avoid con-
,siderable amounts of dust in the relatively great volumes of
circulating gases. .

. The heat economy of this ‘method is- 1n the same line with
‘that of a water gas plant and amounts to 55 €6 60%._‘— I

.7 < advantages of the method are the high “capacity °f a unit
“and ‘the possibility of eracking the: hydrocarbons immediately in
' the gas’ ‘producer or- regenerator.' f‘n

,[_ —

Gas'produced from 11gnite briquettes in ‘the Koppers

,_plant is composed as follows'_ el L B
. 4 S g o
_.j 12.9% coz P ~5_§'o%"-'32f
 0.1%  .CnHm’ S0 Lizg oHy
0.1% 0g 1.6% Ny oo-
28,1‘,%"‘_‘60 L

“The- recovery o by-products in connection With this
'*prcducer plant was  low and’ the'products not of. the- best quality.
c-In both;plants coals with & relatively low tar content were used'
. With a suitable, eouipment for- ‘predrying and’ carbohization, a
»wrecovery of- 80 to osd oihthe tar should;be possible.
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THE LU;RG‘; CARBONT zEéa"‘wi_TH : Gixsx-ﬁfogwiou..,or'_BE'SI'DUE

The Lurgi Garbonizer developed for Garbonization of: all
vtypes of’ non-caking coals and lignite; in order to produce tar
- olls and a smokeless free ‘burning coke for domestlc heating with
10-15% volatilee. or a coke"for. ‘4ndustrial . purposes w1th-2—8%
volatiles, has proved very efficient in many big industrial
“plants. ‘As far as industrial utilization is concerned the coke
is mostly used for the- produgtion of-gas for heating or for-
‘chemical synthesis purposes. The rest~is burned in power stationu
Lately a considerable interest has grown up t6 combine carbon—
'iZation of the fuel'with complete gasification of the residue.
_By such Ebmbination the heat economy can be, considerably improved
‘and the cost. of - investment and of labor can be consilderadly ~ -
lowered, . For such combination the . coke—cooling zone of _the
'Durgi—Carbonizer had to be replaced by.a gasificatlon zone.:
Extended experience ‘with gas producers of the ‘rectangular type
~has been wery helpful for developing the type of a rectangular
«carbonizer—gas producer. TR S :

Recently,,interest in a combined carbonizer—gas producer has:. -
,been shown by many power stations which have to work with*fuels
_of high ash content_and_a_relatively low melting point of the ash.
In thig _case the efficiency" of a beiler-plant may be considerably
- reduced if fired with a pulverized fuel, -With gas—-fired’ boilers.
‘this. diffibulty can be eliminated and mich better working condi—

tions, ‘reduced cost of investment, ‘and an improved economy of
power production can be expected : :

e, :
oo The latest development in this line, however, - seems_tosend in
- power. production by gas—turbines, which would- raise the consump— )
tion of gas considerably R , R e T

— ¥ . t

. !‘T_‘.:-'A" .__g. LT e

. Uhtil now, gas producers for gasification of lumpy coal have
been of.the rotating grate type, with a maximum dlameter of ‘12
‘feet and - not. exceeding 50 tons per day gapacity per unit ‘for *=~I
uniformly sized fuel having ash of a- relatively high ‘melting” )
point. Recovery of oils is not feasible with such a producer,ng_;

_ With thegprinciple of a rectangular shaft such as that on the
Turgl carbonizer, subdivided for gn equal and controlled " ‘disbri-
- bution and movement .of the coal anhd the gases, ‘the capacity. Per.
-unit can be: incrgased considerably. The normalwcarbonizer with )
2 shafts of 16 m~ (277 sq, T4, ) each has a cross _séction 3.2~
“times -laFger  than that of -a 3,5 m (12 ft, }»cylihdric producer. -
Furthermore, -1t was. possible $o utilize.in fhe réctangular car--
“bonizer theé system of gasifying downwards 1n ‘thé direction- of the
‘flow of the coal, . In this way- the throughput of the small gas
_p:oducexs_has been increased considerably. This ‘principle of
construction allowed-the’ building of a carbonizer-gas-producer-,
‘unit-for capacities of 150—200 tons of bituminous coal per day, "

i LT
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v10—254 moisture content. f' o
. As'in a normal carbonizer plant the charge ‘and the discharge

‘of the unlts “are- fulxyrautomatic:“*The c6al is dried and preheated-
before entering ‘the’ carbonizing zone, which allows recovery of odl
‘and phenol with a minimum of ‘gas and a. minimun of waste water to ' bc

treated.  The residue of carbonization is gasified in'a separate-
zoneﬂ' In this way the greatest part of the gas is produced nearly
Tres ot hydroearbons and - sulphur-and needs only" éf?ﬁf?‘ﬁﬁdErete
apount of cleaning for utilization 4n.a. synthetie” process,  For
power. stations it can profitably be used- wlthout any coolingvor
.cleaning. S R e i . s .
By gasifying with concentrated or pure oxygen, any gas as-’ —
.required for the syntheeis f hydrocarbons of ammonia can-be pro—
Yduced. The gas from' theé carbonizing zone which conteins all the.
'hydrocarbons can be used/dlrectly as—a high grade: heating gas or it
can easily e cracked. into a mixture of hydrogen and carbon’ MONOXer
1de ﬁor synthetic purposes._ o _;nnie . : :

- 4 e "

'?v»~—The~scheme ofﬂpenstruction and processing of the combined _
carbi nizer~gas~producer is- shown on': -1t operates as folf}

"1ows--\*fﬁj&f=‘ SR - ["'113 7 -

- The fuel,.suitably screened (to size limits l to 43. is
dropped into :Storage bin, 4, which.inmits lower part contains the -~
uasual device for drying with circulating gas.. _Tre:preheated.
material then passes: throughrthe shaft, 2, into the carbonizing
‘zone, 3. Here 1t 1is carbonized by a circulating flow of distilla—}'
tion gas- entering with a temperature of "800 to- 200 centigrade at
the nozzles, 8, and leaving with a temperature. of. about 200 centi~
.grade..through the pipe, 14. .In the usual equipment, lﬁ,*suitable“
_for gas cledning -and- cooling 0ils and benzine are extracted from
- the-gass _After pasding a fan, 16, the main part of the gas is. .
heated in: the heatqexchanger, 17, and Teturng to the carbonizing—
“Zone passing through the. combustlon“chamber, 18; in which its _
temperature is regulated as'desired. by. means- of a. partial com— =
_bustion with air. Oxygen may be used if a high grade~gas is.; C
required.ﬁ.;j . _ T -

P . . : -~|—--

r, .

The carbonized fuél entere through a narrow opening into the

Agasification>20ne,-5. Here air is introduced into-thefuel-bed —
from the ghannel formed underneath the support, 9, whlch is water- .
'comled to prevént 1ts burning. A second flow. of- oxygen, saturated
with- steam, enters through the channel, ll, in order to comnlete
gasification of the rest of the carbon under conditions which~

- prevent heavy. clinkering of the ash, The . gas produced in Zone, 5,
leaves  through the pipe, 30, with & temperature-of 500" to 700° '
centigrade, and after passing the heat exchanger, 17, it goes to

‘ consumption in a furnace or may. be used for synthesis after an

._adequate cleaning,
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The fuel bed is supported at the bottom of. the shafts by a

'table, 10. Upon this table an iron bar. is’ mounted that is movabl
“to both si es by a- mechanical gear, 12, By altering the movement

through a’ water seal

and speed of this bar, -the. throughput of cosdl and the ‘extraction
of ash 1g regulated The ash is dropped froum ‘the’ “table into the
ash chamberlls, from which it 1is discharged by a sluice, 13, or

. - [

4 . , .
: The surplus gas from th g_carbonizing zone ‘has a calorific

value of 1800 to 2500 kcal/n® when‘a r=1s uséd_in combustion.

chamber,kle, and of 4000*4500 kcal n® aftér washing with water;:
when oxygen is used. It may be utilized separately or it ray be
cracked by partial combustion with nxygen 'in the’ cracking chamben
19, aften preheating it. in the heat~exchanger, 17; —If only heat=
ing gas is rdquined darbonization and gasification taﬁe place ‘
with air, _The heating of the carbonizing zone can be simplified -

in this latter case by sucking rart of the hot producer gas direct~
ly upwafd_'into the carbonizing zone LT B S
The method of- gasifying solid fuels, as described above, _
permits & good recovery of byaproducts and g separate ‘treatment -
and recovery of the. distillation gas. and it allows,-at the same = -

Atime, the pasification of most.of rthe fixed ecarbon” in the fuel. .

with the use of very Iittle or no steam. In this way, a gas of - -~
a relatively high content of . carbon monoxide, as required for ‘some’

-synthetic processes, is produced For heating purposes, a reduced

consumption of steam may decrease the production cost considerably.’

o In: many qases coals and lignites w1th a—highfcontent~of oil
but.. also~a high content of ash and moisture, can be mined so-
cheaply’ that -they ‘can-be .considered as’ a-very cheap fuel-for
fndustrial heating, chemical” syn&hesis and power stations és well ™

as . for the productlon of.oils,. Combined carbonization and gasifi~_4
_cation opens 8 way. for utilizing such fuels on g . big scale '

e : ".

With an 1ndustrial plant, operated with a high VOIatile sub~,$

fbituminous coal and with only éne- ‘type of ecarbonizer-<gas producer,i
- practically all types of industrial gases can. e produced that

'of the carborizer—gas producer for a medium sub—bituminous'cbal

.gare required for heating,.synthcsis, and city gas.. Bven a wide
Tvariation of the guantity and the quality of the products, accord—
'ing to the actual market is possible withim short intervals / —

t::... K /"-."

The most important flgures_of thevoperation and the efficienng

are tﬁe following. T L L _ . 5 ~}-_l41
.,‘ P - . v | e "“‘ &
'rAT Goal" Size' 1/4 to l“ s or 176 5“ - or'briguettes.
‘Molsture . L 10% e e e T
Tar’ (Fischer Ass ) T 1047- P
Ash’. il-o‘:;if‘lép o '
_High cal value S 5800 kcal/kg

110440 BTU/1b



B. - Thermal efficlency of the process

prod gas) = 80 '

:yl = high cal val (Tar 4 dist.,gas #
S “ high cal,.val, of copl

——

Wit L ;

0o Recoverv of tar incl Light Oils'

e P
¥ [LAE

Tfé amﬁmrv[ _ 92% of Fischer assay

0. 092 Kg/kg = 0\092 . 9600

Qpalitv of zhs Qith variant operating coﬁ&Iﬁ?bns‘ ;‘

—

|

46404k&ux?§§ifé

- 8550 BTU/lb L

_—

=

" 883‘kca1/hgan )
3500 BTU/kg coa

Operated w1th- :_Ain_, - T 957 OXYGEN

e Nms/kg B 0.27 ) ) O?Alg
. R i -
- !Gozpi L -12,01;337'_

Distilletion . OgFy% . 0.6

¥Lﬂas . ) ' e . : ' .
5 0% 1 e 0,10

 oHgh 10.-0'*“-'-' 1550

L Washed .
0. 172

- 186 .

- ‘nigh cal kcal/nm 2325 (243)*\x3586h(377)ff427qﬁ(44a)f

value _ » ,
Na /kg_,__,**,_gggz e L4
qffi ooz 2950~ . -.15,0"-
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. A gas for the synthesis of ammonia can be. produced with a
40 Qxygen-concentration.. .g" TR S L o

Annexed table shows the onerating oond&tions 1n connection
with various industrial ‘utillizations of the gases. Many types of
manufacturing can be combined according to the conditions of" the |
‘market. Five typés of gas, each being varilable. in l&s eontents

" of Nitrogen, Bydrogen, Carbon monoxide and in its heating walue
‘according to the momentary -demand of : consumers, .are-avallable .
from the two zones of “the Garbonizer Gas producer,. Variations
in composition can be made made within a few hours. Even a
“temporary production of coke 1s possible by shutting down the e
gasifying zone; .- ... : L Lo T

In the IURGI = Pressure Gas1fication_grscsssighsesbw1hh a
high content- of hydrogen are produced ynder a pressure . of 10 'to
0. atmospheres by complete_ gasificationwwith oxygén and steam,_wv-
‘This process originally was- developed for the production of city
~.gas from lignite. For this problem working undeyr pressure pro-
mised a low velocity of the gas in a bed of small sized fuel and-
“therefore a high throughput evennwith the unfavorable fuel,. A
favorable Anfluence of the pressure “on.-the " formation of. gaseous ;

wand.liqui.d hydrocarbons could be expected and - the high amount of
COg, which is ungvoidable foy a gas 6f a. high content of hydrogen
-could easily bté& eliminated by ‘washing the gas with water,  The
proﬁlems ‘presented - by the necessity of continuously introducing
" solid"fuel. and the extraction of tﬁe~e§h ‘have been solved satis—;
factoniliain a ploneer plant, Later cn even a fully auﬁgmatic
charger s been developed.., .

whe process wofks as follows *' - ::,’;jn5 'f '“W“"mf..;:j

in & cylindric shaft producer which 1§ completely covered by . a~~k

“water Jacket. The pressure o% this Jacket 1is. equglized with- that
‘of the’ fuel~bed 1 by, & connecting pipe, The device for. the~ extrac—
tion.- of the ash is of specilal desivn with regard to the limited
““space available in a high pressure plant and with regard ta the :
high concentratidn of Oxygen..,j_~‘

/‘,/

. A mixture of 15% oxygen end 835%. superheated steam 1s. 1ntro—5
duced ‘at the bottom of the produces into the fuel, which is
-gaslfied -to a primary gas of a high. content of 002. but also a:
high content of Hz and GH caccording to ‘the equilibrium of 20 atm.
pressure , L T AT L
In the upner part of the fuel bed the coal is carbonized ?y

) ble heat of the producer . gas.' o1l vgpors ‘are carried

" off with ithe gas.to a scrubber,. {mmediately connected “to each -
producerf/in'which the gas 1s: washed with a circulating conden—‘
."sate of water -and heavy 0ils at a temperature of 140 G.- Dust.”
and asphalt are taken out here, Any sticking of the pipelines

‘f?z%*‘



could be avoided with & gas with such"—ﬁiéh‘cohtent of tar oils.

' The, gas Ais cooled in- a. series. of surface coolers to 25-C, “then -
'washed in.an oil scrubber for - the extraction of bed%ine. Then

1t 1s washed by water for thé elimination of CO .and HgS, ~After
:extracting the last traces of HgS'withfiron oxi e 1¢ ie,ready for7*
-‘use-An appuhlic distributing system, .In case of. a high content.

of hydrogen sulfide the gas can be waehed profitably with a potash
:“solution before the-washing with.waterﬁfor the extraction andw P
__recovery of sulphur o ST LT T g ,3

e Z- . o .
B gt ,.y/"— *

. For the production of a gas for the eynthesis of hydroca bons,
or for the production of hydrogen, the gas is eracked- either by a
catalitic method~or by e partial combuetion with oxygen, ' :
- For local. industrial heating or for power production in | oo
gas: turbine, ‘the gas’ 18 produced . with air under pressure,’ It may:
—be—used—withoux—coolingf—whenathe_coal hes “only & low eontent of .
“tar,  The process "hag been used for many years in 3“p1ants Pro=~ ;f»
ducing city &ag’ from lignite. A ;-. ' "f, . "l;f

_ A plant fon the production of ‘a8 forrthe synthesis of. hydro—
carbone ‘with.an iron catalist under preesure has been under eons .
struction at the end of the war.,: c S -

- With a lignite of 28% moisture ‘the throughput of . a producen :
Of -8 3/4 feet in dlameter was. ag high as 180 to 200 metric tons
per day. (70 tq 80 metric tons of fixed cgrhon) ‘Coals of a -
. low softening point of the ash (below 1100°§) can be gasified .

: with a reduced throughput of 40 to 60 tons of fixed carbon._ _ ~g.

1 With this process nonucaking coal can be gasified, even
‘small sized, with & very high _throughput and with-less than Half
“of the oxygen required for a gasification under atmospheric pres~

: Sure. e L - . .{...

1 B _.;ha EEE RS

,,,,,

o Qe Gondensation of*oils, cooiing, and cleaning of the\gas .
'ﬂ_'g_ires much less equipment undertpressure. Co .

= 'S;T The recoveryﬂof 1ighteeil - is considerably improved and
_ cheaper than under atmospheric pre suie. .

A '\,/
~

4. ﬂhe equipmept of compres501s and- their considerable T
power consumption are sa:ed in case of. utilizing the gas under -
mﬂpressure. : > 4~. ‘4A,.. e - __2,._ o :
o By K gas of 4000 to 4500 kcal/Nm3 (hizh vel,) een be.. -
produced immedietely by comblete gaeification of edlid fuele. T

6. The efficiency of the process is high 83" to_BS% of the
heating value of the fuel is Iecovered in the oils: and th - leaned-
gas. ’ P —T L - . i '
s 7. 70 to 80% of the oils contained in the fuel is recovercd

in a very good qualilty. 20 to 25% of.. the oils are 1light oils- with
a high proportion of aromatic oils

- B3 -



- ‘fhe disadvantageé'of the-process are a: relatively high conpl
‘sumption of steam and in casé of low. fusion point of the ‘ash the

nrelatively low content -of garbon monoxide whiﬁh“is unfavorab1e~

‘for use 1n some’ synthetic proeesses.__

-are'the following:

Some results of the pressure gas producer plant at B_hlen E

- The plant is operated with screened dried lignite,

qualities';f

'Operating figures for the mdnth of Jan. 1941

ynalysis bf qoal'f

Gal value (hlgh) kcal/kg

- value _Jm;;

"*'Ref'vdvei'-y of ges

o asho

! motsture . #
: ‘,‘I e Coe

-y

'moisture - %

7“)«1‘;L'

"pfixei"éarb05 -y

hifvdlatilesg,v

' cokﬁ ST

.

- ™

Tver . - %

' gas ¢~Ibss g

KCal/nm ;v‘f”“-whw”

954 nmzlton of coaln”

54

-

sort of waste dellvered from severaI'briquetting plants in two

~2-6. mm from the dryers (unsultable for—briquetting)

-Slack 2—10 mm of briqﬂettes\£abrasion product)

'181 qf

. Clesmed gas

‘_.

e

52,8

. ?2.0

‘;?4400’:



‘TTafédii;'éhd—iigﬁ%hoiis--fRéﬁgtery~82% ofaFiééherjAbgéy.“
. Becoverx cf tar 67180 G) = 94 4 kg/ton*r Nf'”“
f‘Recovery of light 011 ((lSO 0) 23 6 kg/ton""
:'Gonsumption of oxygena '7; ' “”"1"- v“r_im

nm /nam:5 of gas‘ e , L‘Ol,-._l‘-46-;:;-

e m—— . ‘. s ———

 Bbasumption of steam~

) for gééjiroducerml 32 kg/nm oﬁigas)

” for heating o 0 26 kg/nm of: gas) 1 59~kg/nm
Power consumption per nm3 of” 5393';.W:. ;_j . sxl% _~;

. for oxygen '__ aw,fﬂﬁ_:“33 51,::—‘ 0 186 KWh

*for producer,plant and gas cleaning O 019 '“,

-

for gas-washlng; 1;$‘“";j f f;'f!; O .086

’“Effiéfmncy of gasification.

.Efficlency high heat_val. cf gas # high.heat val. of tar
: . ' hlgh heat val. of coal . o

700 = 83.8% ._',_. L

Results of gas1f1cation of Several other fuels areuthe

following. S . :
;;‘ ' B '£i§n1t95” . Anthracite :

Tar content R f'-*io;§ f’£«%§“' "_f~a;_'
e L T e 3

‘Yolatiles £ f, Carbon . . 67,5 .. - -8;"‘-;’47"'

0sl, val. B.T.U. p. 1b- 8530 - - .- 13680 |
'Stwé inckes ’Lf"o'.osjl,_o-,sg i 0.12-0.39
Composition of purified gas . "= e o RPN

B T T

om0 T 08"
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w -;zz,..e, e

R . N e
CHy 22 6 R 16,9

‘ ' N2. wv~fV ~2 %,; '1'?1;§T_.
iSpec. gravity o o '-f-:f”“- 0,4%§;; . _ 60,410

:BTU p,"“cft d.ry gas :‘. . ~ 456 o = _~4;37,

_ Oxygen per 1000 cft—r‘ P f-150i"fgljfr.;f7393;;

Steam. used per 1000 S 66— 88

;Tar recovery % of tar cont jﬁj;*%"'ria- L 44-5

»~w:' The LURGI = pressure gasification nrocess is sunerlor to
o'ther methods, where a-non-caking small:sized fuel shall be. con-

" wvertéd into a high grade > gas_ _for-long distance supply, or where a .
)gas of a high centent of hydrogen‘ls needed under pressure.-.. ‘

B LA O

S Fuels with a. high tar—content ‘and a high ashysofténing point
are favordble for & low production cost. . Some -figures ofithe— R
'1nvestment ‘#nd the production ‘cost of a plant ‘for the production.
of 240 mio nm3 of ‘city gas in 7500 hours per year are. the followinr

Coal (subbituminous) 1/8 to 1 1nch size

i ?Moisture Lf';; :éﬁ%f“”; 15.0

4thgh calor. val chal/kg 'Vgggp';;*:_
Ash—softening point _":" jllébod
| nﬂmﬂ'i:-i-:”915r 
L
—go — 228
m, s

CH,% -  22,6.°



:;nigh;¢a1£,yg}9ﬁ;z‘::;V;- . v? ﬂ_;H_f_4eopﬂgqgi[§o3

SPéc.fgravifi-}“ S ,;".1n‘tf o *f’0;44?f}j
Recovery of gas }1' - ‘. ':e-ete_‘ igv-835'n55/t"t

Gonsumption of-oxygen | ,__1;7Jtt' .t.Jt = O 16 nm! /nm of oas

Gonsumption of steam ;_' . | NI s o T

. for gas prod and heating gi“*%ft.;i‘__;'j 1. 55 kg/nm of_ges

Gonsqpption Qf water (fresh Water)”v5>' 7 B 300 nmz/hour |

Gonsumption of energy.,” , - - ‘. qﬁe;?:r

| ‘anlf Qxyeen»plant  ? £ fW "o~;:_~?”; 0. 22 Kwh/nm of ga
tarﬂfgédéeryg'1”;;§:;“';3 : L 0% of tar content

1/5 as benzine

Yurrgeneay o et

teggnaai fizures;: va;.'m‘ f ,' t‘, N -“?fé L s
Cees - T e e mio nm3

lcoel B '“#thm__':i;; 288$OOO tons (metrlc)

Z-Oxygen ;:..n: e 71"i~ "“». 38 .4 mic nm3-~w

- . — - ,

Steam—-;%ﬁ-‘ W T 318k000 tons 2

A

,thneray RS T 'w": 55 mio KWE

:_Weterw~f'_i SRS B T S 4.8~mio o®
:m;}ée‘f T e 14Looo tons..
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- If & higher calorific value than 4300 keal/em®-4s required, .
“the gas can be treated in a .simplified synthesis plant un under
pressure.~ From 1000 nm* of aas are.produced'

44 ke of 1iquid products i .
. of which = . =”f17 6 ke waxes_'f
"A-‘15 4 kg, gas oil

T “".;" .11 O kg beqzdn

and 670 nmg oi converued gas._
| cop 5'i'ﬁ;'d78P9%3‘
- oo '€?77;~7¥;5f4%. i
Hy fffieiés;o%f?”
Tom, o eswd
e, T TE
l”nghscal'rvélue7:': 5,?9dfkcal/;m3:

T

c. .Refining of Aliphatic Tars.' ‘

L Methods for refining tar have been developed in.Germany for ;
tar ‘from Brown-coal and - in Scotland for -shale 0il.: In both cases
‘a-crude tar with 2 high content ef paraffin wax and-with 10 to 15‘
-of tar. acids ‘had, to .be treated for . thé production of solid ﬁaraf—'
fin wax and- of oils for illuminating purpose e '

“For nearly a century the crude’ ‘tar produced in Rolle—oven~
plants has been refined by irntermitten distillation in Vertical”™
stills.. From 1925 an increased production of tar and the neces—" -
—sity of delivering to other consumers, ‘like diesel engines forced
. to 1mprove these old methods of. small capacity and low efficiency:

~—

udwf' a.‘ Fractionating of tar, Extraction of parggfin wax and

~lnA ‘ - N h - . vwninn b . _4 ) 'l -

' Creosotmdils.'j>';¢ S j"  ‘"ﬁae~;‘ .d-' nifl””” o

© .- .Tte crude tar-from the Roll“;oven may—te—COﬁBidered as
\a tar, wh**h has been mildly cracked under atmospheric-pressure
—Lduring the cé’bonization., “In this way the contents of oxyeen
compounds and - asphalt is, considerably lowered as compared with. a
“ real low—temperature—tar, thé contents of paraffip wax, which . .
_ resists to such mild cracking, 1s increased relatively. m )

........... i

The Rolle—oven tar was refined in §everal smaller plant=
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The crude tar was. intermittently distilled 4n’ vertical stills into‘
3 fractions. light—oil. medium—oil and naraffin fraction and a pitcl'
‘residue. . The residue was distilled in a second still to coke for
‘électrodes. -Part of it was sold directly for manufacturing purpos
in the electric industry. For briquetting of coal or. as a road-atas

‘its binding quality was insufficient,- unless the rEEEdue had been o
reated with oxygen 1n the still - , : - , v

-'“d”Lighx-oil and medium~oil were washed with,acid and sodium—
hydroxide and thén ‘distilled for gasol‘ne and diesél oil. The
-paraffin fractien was. separated into- paraffinwwax and oll by sweat—
ing\methods. ‘Oreosots and. the heavier olls were used as -fuel oll,
Gonsiderable quantities were -shipped for many years*to Northern i
,America for creosoting masts and. sleepers . o R _ S E

- The paraffin-wax was: the most 1mportant product and was
exclusively_used fonmcandles'_dﬂ. T |

With the development of a merket for motor fuels and with the

chanzing of the character of the crudé tar, due to other~ “methods of
. carbonization, these ¢1Id methods of refining proved 1tself unpeco=-
nomie. The market for paraffin wax beceme saturated.and irt of
- the tar had to be treated for the production of gasoline, diesel
1611 and fuel. oil S e S Mf'tv* L

- Extraction of tar witH methanol wasg 1ntroduced by the Riebedﬁ«;
works., The DEA developed methods. of continuous distillation and- of;
cracking of the paraffin—fractiemg _QOracking-of-crude—ters, which
" had been tried in several experimental plants could “not be con—
sidered as .a success, as the low contents of hydrogen as compared. .
‘with natural oil, al%owed only-a low yield of light ‘and medium oils
‘and. caused high operating cost. by an exceedingly high formation of
‘¢okeg in-the cracking device.f*When operated -for “gasoline a~yleld —.
of 30% of the crude tar was no% exceeded ‘even with ‘the” highly*-~—
'paraffinic tars from Brownscoal"-'. . } ._,r”. S

i3

. Only in 1944 the cracking of tar was considered aaain as a .
method to -replace pary of the. HYdrogenation plants, which had beén
"Qestroyed. by alr-ralds. The cracking plants however had not been
finished before the end of" the war, . - _ . D e

A.'

B Gracking oflxhe Paraffin fraction has been operated for many
yeane~1n the Rositz factory. The paraffin fraction was converted.
—Into gasoline and diesel -0il. Greosot and heavier.oile were '
treat?: forwnavy fuel oil and coke for electrodes. L
- Uhtil 3935 ‘the.. crude«tar'Wae freed from ash by an acid’ treat—
ment &nd ee+tling in huge tanks,-but this expensive method eould be
.eliminated and the refining system could-he simplified in comp=""
nection with the fractionated condensation of the tar products '
in' the newly erected carbonizer-plant Regls. From then the refine:,
‘received three separate fractions,. crude-benziner~med1um 01l and
heavy tar, all practlcally free from water and dust, the. heavy tar
-after paseing a scraperwcentrifuge~‘ The two lower—boiliné”ffactro'
were aleo free. from paraffin waxr

nu.r—.l L



- The nroduction cost of the reflnery for.: gasoline. diesel oll ..
fuel oil and eleotrode-coke were considerably reduced in this way.‘

.A plant for the extraction of the medium" oils of all the carxf
bonizer plants of the Sexonia district with methanol (Merasolvan)'
was nearly completed ‘at. the end of the war. e , o

1b; Gracking of tar an@ distillation under several atm

st
—

pressure. f ,*' '“””',v'. S e “-"f__nf‘

o While the cracking of a coq; tar even in the case” of hig!“
’dantents of. paraffin;,j cannot bé'considered as & practical e
method of treating &uch tars, ‘the treatment-of certain fractions,
especially_cf the paraffin- fraction: from sub:bituminous-coals or -___
~ghale oil by a, .mild cracking or the aistillation under 10 to: 20
atm, pressure can be’ considered as a method Ffor refining tars of a
relatively high hydrogen content under condition that a sufficleni%
_market for diesel oil and fueél oll is available.,'When used as a
~.method of . viscosity breaking by gracking of -the paraffin wax. the
loss by. gasification -and ‘the difflculties of coke formation can be -
sufficiently lowered as’ Tequired for an economical working.~~For .
coal tars it will be advisgble. to treat “only the paraffin fraction'’
by cracking methods . Shale oils with low contents of oxysgen and .
aephalt mey be distilled under pressure -or even cracked with good
results and: operating comditions, - If" ‘only:-e= “high yield of . gasolin,
is’ wanted some high-grade. shale oils can .be strcngly cracked but
.all the other tars muat be treated by hydrogenation.

"’_.

e

. In case of a high sulfur content of the crudevtar, hydro—-
_genation is the only method for a. sufficient reduction “of the o
sulfur contenté“of the gasoline and diesel oil fractions. 3

. Catalytic refining of light and medium oil in the vapor phase
with an iron-oxide’ catalyst: has‘ﬁeen tried: successfully in- pioneez
~plants ‘and-with -better-effects. of: desulphurization than the acid ~
treatment,” This method possibly can be very favorably used for
’gasoline and diesel o1l from. oil shale.' x - L ,

c(cfu Refining of tar bv extraction methods.,fm

iy first commercial nlant of this method has been erected

"1n Saxonta (Espenhain) for treating 300,000 tons per ‘year-of browr:
coal~tar from»EURGI—carbonizers._ This plant was delivered by “the
Edeleequ Company. ~Tar and ‘meditim. 0ils are extracted with chlorin:
‘ated hydrocarbons and: ‘sulfur-dioxide for ‘the. production of diesel.
L oil, white paraffin waxfhfuel 611 and coke for electrodes. : The. —
paraffin ‘wax 18 separated. conziggpusiy—from the solvent by mecns
of belt—filters of special construction.~fm;«. .

TR
et - e s
. PR - . X

—t an]

L The crnde—benziné*from the carbonizers was - sent to a hydro~
genation plant for reflning, because such benzines. ‘with'2 to 3%
sulfur can be sufficiently desulfurized,only by‘hydregenation.

- As a“primary distillation before the extracticn could not be

60'. .' . )



?evoided with resnect to the quality of the paraffin vax (color),
" the method has proved ‘as rather complicated and expensive in this
case. It could be considerably simplified for the. production of
~diesel o1l and fuel otl, if the highest boiling fraction of the—f.
tar is condensed separately in the carbonizer. plant and treated
by hydrogenation. A similar extraction method possible could be™
.most economioally ‘used for the.shale oil of green~r1ver shale, whic
- 1s relatively low in 1ts sulfur and’ asphalt content _

Hydrosenation of tar underipressure

: ' Plants of this_type played a most 1mportant role in the e
- German System_of gasolline production from lignite and sub-bituMipoqu
coal. ~ Combined with carbonizer plants 1t has been proved as the: -

Qmethod for the production of gasoline from coal

- Gompared with the direct hydrogenation of coal; - the-. hydro—-~‘
genation gf tar is considerably simpler, because those difficulties
which result -from handling a solid material and - from the. inorganic
substance introduced with the coal—ash,, re.. avoided... ‘ .

d[ . ‘A‘ .

:"—___The consumption of. hydrogen peT ton of zasoline, depending on -

" the. hydrogen contents of the. crude . tar, is considerably Jower .and
for this reason the consumotion of : steam and energy is also™ ‘eon- -
siderably reduced, which resiults- in a corresponding reduction of

the 1nvestment cost and ‘the labor reouired for the- operation of the
~Plant e . . : . L e o

wne

,:“'“‘ Goal tar is hydrogenated in a liquid phase,Awhere ‘the catalyst
is mixed with the tar and in a two or three stage gas phase,-where
vuthe catalyst is. plaoed in 1ayers of small briquets S :

It seems that the I G, ‘at the _end of the war had suoceeded in
-further improvements for the hydrogenation of tar and. heavy oils

~gas~phase“t‘“6ne stage. on,ly.|H It ‘has been clalmed that also the'ﬁ
octane . number of the gasoline hag been Amproved by this method.
1.3 tons of tar are ‘required for thé produation of 1 ton of. gasoline
~and 0;12 tons Qf liquid gas, (03 # 04) whlch is used mostly 1n the™
bus~traffic.’ : : .

For 1 m, ton of gasollne are further required- ;

o~

: MlﬁQD;tQ 1700 Nm8 of Hydrogen

1800 KWh -

;jzoo__ns of'fresh.watén'u

2 to. of—steam.

— - . .
H

For a plent of a capacity,ofwzooooo m. ‘tons of gasolinewner N
,year anproximatehy S . : ‘

== L7 s ooo,ooo' RM—~
LA 61



'have been invested in Germany in- 1938..inc1uded the production:

of -power but not. included the carbonizer ‘plant. for the production.
of the tar.’ Part of the tap could be produced as by-products. of:

" the pewer statiocn and of the production of hydrogen without an
‘additional ‘investment. AP o e .

: The hydrogenation of tar and tar oils “as a refining method
'untdl now must be considered as the: only ‘method for. the production
of gasoline from. heavy 61ls: and from those: oils. which_eontain a_n
‘hizh percentage ‘of oxygen or sulfur compounde,, -It must bé cone
sidered -as. important for eny future system of producing gasoline

- from. coal and- residue from natural o1l. = i

jD; Hydrogenation of Caal And Lignite J. G Bergiue Process

‘ This well known method has been described so many times go
that it can—be referred—to literature.- T _

. The organic mauter of coal as liquid hydroearbone reacts o -
- with hydrogen under g pressure. of 300 .to .800 atm, at 350a%ngéo c,
. t0o build hydrocarbons with a hicher contents:of hydrogen &8s those
ccnteined in gas oil and” gasoiine for motors; The: hydrogenation
takes place, in the 1liquil phase for coal and heavy oils as well -

" as 1n the gas phase for -lighter.oils, In both ‘phases catalyste 3
_are used, In the liquid phase the catalyst is-mixed.with-the .
“coal and the heasy oils as a fine powder and “in’ the gas phase

.1t 41s placed in the: reaghor as.a layer of graine or small briquetta
~through whi*h the hydrogen and the oil Vapors arefpassed

The coal 3.3 dried and pulverized and then mixed with the"'
fcatalyst -and.- he~vy 0ils *t5 & paste, ‘which 1s pressed into the -
 preheater and’ reactor byﬁa pump,' Light’hydroearbons passg direotly
into the reactors of the vapor. phese but the bulk. of the primary -
*.product- ie discharged and eeparated into medium oil - heawy o}ls 'i;

‘of & epeoial design of rotaﬁing drums which are heated from out- -
- side.the heavy 6ils are brought back to_the- 1iquid phase réactor -
"together with fresh coal. - The medium oile—go into the three - N
C-stage. gae- phase whers they are converted into gasoline.. Gasoline

and .the do called liquid zas (Cz l a,) are eondensed from the -
~‘residual gas by cooling -and ecrubbing methode. the reeidual gas

. is washed with Aleacid liquor for the extraction of ﬁydrogen o
‘gulfide, Fart -of .the gas is eonverted into hydrogen and recom—
: dueted to the reaction chambereu:vii - N

1 s

: , he efficieney of the hydrogenation process depende highly
" on the character of the coal. not pnly for the consumption of
. hydrogen btut also for the capacity 5f the reaction chambers, .
Oogls with less than 2.5% of hydrogen and residues from. coke over -
" tar are: unsuitable. for hydrogenation ‘because their molecules are,
‘too stable, - Coals with a maximum of .hydrogen and a relatively
low contents oft oxygen are reddlly hydrogenated with a minimum
‘consumption of. hydrogen_gaef__ln this case (high volatile bitu-
'minoue eoal and brown eoal) hydrogenation even ean ‘be. operated

'*Ohemiatry of: Goal iff “62 _
Utilization



-
with a lower pressure (300 to 500 atm ) Gaklng coals and llgnite
‘need higher pressure for a sufficient reaction epeed .

Ae the coneumption of hydrogen 1s- the most important 1tem '
in the production cost 6f a hydrogenation plant, the cbaracter i
of the'coal therefore 15 of the highest impor%ance,., .

\. i

o Sometimes difficultles have been reported from- other compo«—.
fnehts of the coal, The character of the ash’ caused depoeits- in.
the preheaters of thé Wesseling plant - (Rhine valley lignite). and
arsenic compounds caused difficulties of a sin{lar character in

“the. preheaters of the Brux‘ﬁlant. A contents of chlorine may
,cause very serious difficulties by corrosions..eeu: _

R

~, o -

The Leuna-plant was 0perated with only SOO“atm. with the —
Saxonia brown coal, The -Wegseling plant had to be operated.With
750 atm. "‘and the plants operated with. bi tuminous coal: ip the Buhr
‘and the Upperelleaia coal fields worked with.pressures from 600 to

800 atm. ' “‘:~ - . . " . .
Difficulties with tightening the equrpmenb forithese high
“preseures may. be consldered as. temporary only. hey-were caused
véby the 1ack of some raw materials during the war.' , n_f

I3

Medium figures “For the consumption of_hydrogen and energy
personally communicated by Dr. Pier are. the following .

oo
.,...m, .

Coal (net) 1A~' R % 66 to per'i ton of gasoline
'-Hydrogen “_r> 1; 2500 nM~ per ton of gasoline J%l

Steam_";:; ifi‘ 2 to per ton” of gasollne

Energy f’,.' 2700 Kwh per ton of gas'line

. The total consumption of eoal for one. ton”sf gasoline amount67
to 5 tons’ of: bituminpua goal with 5% ash + It 1s incregsed accordv .
1ngly with younger coals of a lower heatigg value and higher oxyge’
contents. R D ; o : ; -

The methods available for the-productlon of- hydrogen ere
'described in tht, F. In the. German plants - the Wlnk%er producer -
has-Been'used for the. gasification of Iignite char in Saxonia, ~°
‘the normal watergas producer operated with coke has been used :
- in the Ruhr and the Upper Silesia districts, The Pintsch—Hille—_'
" brand process has been used for gasifying lignite briquettes. 1In
.all the plants’ the prlmary 'gas is cleaned from hydrogen sulfide
with lron oxide, ‘then the 00 1s converted 1nto hydrogen,

. The gas -is_thén compressed and.washed.with.water under 10 atm,7

'preesure for the pemoval of" 002.; In.the Blechhammer plant the CO
fconversion was operated successfully under, 8 atm. pressure.. ‘The .
‘invéstment cost of the latest plants erected has been reported - .
~witb 800" to 1009 RM per ton of ~the per ‘annum gasolinewproduction.




. The- treatment of . the sludge from the liquid phase by special

‘rotating drums 18 a very costly process, until now 1t could not be

- replaced by a better method.: ‘Thie-sludge, material is highly calk-

_ing and sticks to ‘the walls of any retortsr theés. reasons the 6"

drnme met be of a heavy construction and have to be provided wit}

heavy steel bars, which. scrape the 1nner walle during the r8701Ur
tion of the drum - : '

. The rest of the hwdrogenetion machtnexy has been developed tq
a high technical standard - e . f
e Direct hydrogenation of ‘coal probably will remain the moet- :
eeononioal method for the production .of gasoline from high volatil,

b2 tuminous: coal with a low ash content, If.the coal has a high-'

- content of tar, a‘¢omblnatlon- with carbonization, as far as energy

~ steam and hydrogen are required, {s-favorable for a reduction of

tihe cost of investment and productiop and for ‘an 1mprovgpent of

“”the operating oonditione. -

“'EJH Synthesis.of

genation of carbon moggxide
~af' ysthesis und:"

P

' This prooees also has been described in the literatur
* The cheaietrg of the process hag. been widely discussed, ’

_ ?he firét plantb erected 1n Germany have been operated under_
‘atmospheric préssure with a gobalt: catalyst and-with a-2 l—-—;
ratio of H_ and (0. The ecoromipal results of these plants
caused somg dieappointments 4n go. far - as the primary producte .
‘of the. plants consisted.: mostly of saturated ‘hydrocarbons with a

_very low. oetane numbeyr and a considerable part of the primawy

 préducts had to-be ecracked for gesoline,. which ‘caused an addi- -

_tional loss-and additional- cost, "Plante operated with & 8es
produced direotly PTrom coal or with an additional’ 9p11tting of -
cokeboveu gas in the water gas. plant miffered from & relative
ehort time of‘ectivity of the~ea q%yst -due-t0.-an 1nauffic1ent
extraction of reeinoua qompounds and orgaglo eulfur, '

L4 . ..N.(_v_

s Experimenting under several atmospheres pressure showed that
with a medium ressure the production of primary 11quid hydro-
~‘carbons per nm¥ of GO -Hg-could be: 1ncreased from 120 gr to:145
‘gr and the produstion of- waxee could- be coneiderably 1ncredeed.
" These; waxes were required for an intended future production of

fate and fatty acids, : TN .. -

TR
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. bﬂ)‘ S'nthesis ‘under & medium_' essure (1o - 20 ath

' A second group of works erected from 1937 to 39 was
designed for a pressure of 10 atm, Though the results of these
plants were improved caoncerning the throughput and the- efficiency
of conversion,. the primary products were-still of a low octane L
number-or had to be cracked to & considerable extent,; The increar
production of. waxes epciled gge catalyst stillxmore than in-the -
plants working under -atmoepheric pressure. Theee difficultiee wer
4ncreased further by the comstruction of the reactors in whieh theg-
catalysi -had to be placed in wvertical tubes, & design which lowere
the heati - anamlssion ag ~compared with the design used for atmos~*f

~—phernf p*essu:e , o _1“__7_,v T il

*Dmo operating figures of" these plants are the following: mf;;

Time of activity of catalyst __: i.- f'_ . 8 mont
rGost of ca‘l;a.lys‘l:'-'w - -ﬁe 25 —BM/to of producte ?
Liquid_p:imaiy producteﬂ“___ 145 gr/nm gas
H"containing,-d‘ 20%;paraffin wax ; ,.dw;::;f
; - H 35% oils

. 35%. benzine (below aoo c )
Olefina in benzinev~15 - 20”

The cost of a plant with a capacity of 40000 to of liquid
primary products was 25,00A,000 = RM: based*onwthe gaeification -of-
coke in'a water ‘gas plant (1939), . A . A :

: Fur the production of mcton ‘fuels this result could not be con
 sidered satisfactory from the sxandpoint cf qua&ity of the benzine‘

as’ well as’ the production cost R L L

- -iTom 1938 intensive laboratory and exﬁerimentaI work'was going
.on to improve: the resylt of the eXisting plants, to develop new
“‘catalysts and. new..peactors gsuitable for working 1 under pressire. “Th

" lack of ‘cobalt during the war was another reason for an . intensive

experimenting. -The negesgsity of producing a costly gas of a very

" high hydrogen content if possible should be eliminated by adapting -

&he procees to normal watergas. . _

edium Preesure gecirc}ingﬂmethod‘of BURGI° '

S, = Improvements were e;pected fnnm rectrcling the
synthesis gaa~&hrough ‘the"reactoy and the’ condenaer due to the
~decreased-reaction time (higher apeed) - and -the-lower concentration.
of hydrocarbons as well aa to the improved heat transmission.

S

A.pi%e%—plant—erected in—the Hbesch»Synthesis plant -

showed very good results and aeve:al plantg of the medium pressure -
, ; : 2T consiste in a




-longer activity of the catalyst, higher output per ton of catalyst
as well as per nm3 of CO # Hé and a fugh better quality of the
primary product. In case of water gas the cost of conversion
.could be reduoed to a certaiu extent. ) : : DA

Resulta of this method of operat&ng are the following;
Time. of activity of catalyat 8~ 10 month
Oost qf catalyst o ‘“ | 15 RM/to of products
Liquid primary produc$s . 15m gr/nm v-gas

conﬁaining 10% paraffin wax

LTS e

, -~ 30 %—0 113_ i i L
" 6% benzine (to 200 G ).

OIefins in benzine 50 to 60% e
Gost af: plant ia_only moderately reduced by thia method
(3 to 5% _per. ton of f%ni_ggd;ggoggcta). T

Production costs for- the finished producte‘afc reduced by 10%

"approxxmately. o e A, o -
a. ) Medium Preaqure quthesis with an Iron - catalyst

L

, o In several years of experimenting in the laboratorie
of the conceérneld companies, iron catalysts have been found, 'which .
oPerated dnder 10 atmospheres pressure prodyce: 140 to 145 gr of o
liquid primnry products per nm® of - . gas, These. products can be o
& paraff¥iniz nature of more olefinic er even alcoholic, according
to the compositiod and the method -of manufacture of the catalyst,
Mos% of these catalysts ‘¢ofitain copper and ap-addition of several
;percenu of alcaline increases the production of paraffin-wax,’ The
-advantages’ of recircling with respect to the olefin content and +th
removal of paraffine from the _contact exist ‘also with the 1ron -----
catalyst, The iron catalyst works,with a ratio.of Hy Coof 1 :j}
as well as with the ratio 1 : 2, -In the latter case mostly. coz

is formed in the synthesis.. The Teaction 3emperature of en iron
-catalyst 4s slightly 1ncreased (220 %o 235 C. ). - . '

, Investment and production cost of a plant of this kind pro-',
bably will not be essentially lowered as compared with a cobalt ~ -
catalyst- plant. ‘The. various methods - a8 used -for . the prodution’ of -

_synthesis gas or available fof new plants are described in tht FY

AS 1n any other process of Broducing hydrocarbons ~fromcoal i
the production of by-producte with the produation of the synthesis
gas 1s of a great influence on the production cost of the gas or
" of the total production oﬂ “motor fuels, ‘The value of such by-proe
ducte may also—be- recogpized in the fact that the .German: govern~
‘ent (Reichsamt) did not allow to build ‘new ‘pover. plants for a

PR
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“conl with more t.han _6_% tar content 6n dry ‘oaee. unless. the tar way
recovered - Lo . ‘ e o
' combiua.tion of - by—praduct gasification a.nd eynthesic 'based.
_on & coal or subbituminous coal with & high tar content seems to :
‘be the method of lowest coat. for the production of motor fuel and :
& method to meet all the quality requirements of the total con~ .
sumptioh 6f motor fuela. In some cases of a chegp- high volatile*
coal the value of the by-nroducts can cover nearly- “the—total pro=—"
duction cost of the synthesia gas and the production cost of the
synthesis products 1s reduced.- correspondingly by nearly 50% as coy -
pared. with a ge,sifying method. in which by-prod.ucte are-not- recov- ﬁ
ered. : - - :
' In order %o give a- rough ;dea of the ;nfluence of by-productz
on. the cost of the. ‘synthesis gas fig. 9 mhows the various items of”
production cost of the gasfor-a. high volatile sub‘ni‘bumlnous coal

ae those of central CGermany.
e. The prlncigé}_?mes of catj_.yet' reac'if;o'rs‘.v

L It has been proved as very essent”iﬁl to keep. the tem-

perature of the catalyst constant within a very short- Anterval, -4
decrease of this temperature peduges the reagtion speed and & h&gg
temperature results in the formation of & gonsiderable quantity ni,,
-methaw, —As the peection-Ftself ig highly exothermicy the-trans-
misaion of the reaction heat t0-a cooling medium is one .of the —
fundamental problems of the synthesis and of the ‘sonstruction of :

—resctors, This problem hae been satisfastorily solved for the

. synthssis under atmospheric pregsure, - The ‘eatalyst is placed .
between vertical sheets of -iron 1 mm. thlck. which are. mounted on .
horizontal pipes w—iuth—a—d—!:a%aaoe—e,, 2

. Inslde the “pipes water is circulated,. The reaction heat is used
to make dteam of 20 to 25 atm. pressure, which 13 collected 1n a
stea.m colleci;or mounted. a'bove the :ea.cto:, y A

- "*!(‘his ‘reagton h,as become a. standard design for the eynthesis
unden etmospheriq pressure, 1% $18-4.8 m long 1,8 m wide and 2,7 m. |
nigh, . Tt contains 10 n¥ of the aatalyst and ean trea,t. 1000 to 15(1
Nm'/hour of. gae 1in the. first stage, . B

LR

- I‘or ghg_eyntheeia under a medimn p;easure ae 10 atm. thia
design could._not; be-used, brcaude’ the straight walls cannot be
built stro!rg “enough with e . xeasonab.L_ cost The medium preesure .
plants used. cvlindr:.cal verncal reactorn zhe middle part of whicb

1s pimilar to & tubular cooler end the catalyst ‘is placed. 4n the ~

f vertical tubes, -Some wvariations have-been ezperimented. va.rying
the diameter of the tubes. Also- _double tubes forming a rTing. sPace

- for the catalyst have been tried, “Various  types of spirals and -

--eroesed-iron-bars-have-been placed—into 4the-tubes_of a _relatively -
1arger diameter, with the puppose to increase the heat tranemaesiof

Mfrom the catelyst to the tubes, &nd to find @ maximwn ratio ‘of

. catalyu space to the total volume of the reactor, .0nly . the singl,

—tube of 15 to 18 mm and the double fube with a ring spacé of 8 to

‘10—mm_have_pmned_satiefacxoz¥_£o:.a_gond_hm_mg§miss 1on and
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equal temperature of the catalyat. All the other varieties
- could not satisfy, most Dbecause the removal of the. epoiled
catalyet caused very great difficulties. T

, The relatively small volume of the catalyst 1n thie design )
of reactors increases the cost of the reactors compared with-thos
of ‘an ‘atmospkeric. preasure plant congiderably, - This-fact ‘becomed
~ even more Amportant when-an iron catalyst 1s used, becausge in “thi
E casg "the temperature of the reaction must be increased from 200- g
- 230 C. and the outer cylinder-of the. reactor has to stand against
' 80 to: 40 atmospheres preseure, B .V/.“ : . :

TV e

If‘haa been proposed to. put a reactor of a Bimilar designkeg
ANthe reatangular reagtor .for atmospheric pressure inside of a cyl!
-der, whigh must’ reeist t5, the gas or reaction pressure. only, In'
this case the(/high pressuré of the ¢ooling fluld is’ 1imited to t}
“sooling pipes and the reaction temperature _can.be 1ncreaeed %o
_.270 centigrade even without an additional oost. T - :

‘“F Pr‘dﬁction of 00 J Ho mixtures from eoal

8, Watergae process for Iump-coke.' .;e_'_ —

: Iﬁ“this wellpknown method coke~1s gasified by means
of superheated steam in a oylindrical shaft provided with a rota
_ting grate” ‘for the. ezireetion—of—the ash———mhe—fuel—bed_is_periOf*
ically heated up- by .cgmbustion: ‘alr, @nd. then superheated steam
is introduced, .which is deqompoeed 1nto hydrogen and ‘carbon
monexide at the ‘surfacé of the hot coke, The-heat stored in theé

“fuel bed .being rapidly’ sonsumed by the: endothermic. reaction of
gasification, the: ﬁeriode of introducing eair and stean must be
changed, in short intervals, The hot glue zos of the combustion
period,—whieh—also-containe GQ, is-used to heat a. regenerator
-and then a waste-heat boller, The steanm: for gasification is
.preheated. An this. regenepato:wbefore entering. into the fuel bed,
This. metho&i~origina11y developed for producing gos for public ;
-supply in gas worke, has: -been 4improved for {pdustrial use in-.
"England and Germany” “and hag been used to a great: .extent for the -
proauotion of hydrogen for the synﬁheeis of fertilizers and for
“the eynthesie of hydnocarbone and the hydrogenation of tar and
coal., o : . e e
o These plante have proved to be very satiafactory for a. eafe‘
and,nearly automatic operation 4in unite of a relatively great =
capacity. -The production of the gas, however, s expensive beca‘
it needs a solid lumpy coke and beeauee the beat recovered in tb
.gas. with this method 1is only 69p of the ‘coke. consumed. Other .fy’
nave been tried, One plant in the Buhr district is operated wit
low- temperature‘coke from- &~carbon1zer ‘plant, and a big watergaa;
Qlantfin Upper, Silesia was operated with carbonized ¢ egeg-shaped -
”brlquettee.. “Though- thlswmethod.widens the field: of vatergas plan
for ather fuels than coke from cakﬂng Sow volatile ecoal, the pro
duction cost gonld _not be essentially lowered. It eould be lowe
compared with.gasifying a coke from eoke ovens, if a veFy: cheap
Sla°k~c0a1 or. a eheap aubwbituminous coal ean be converted lnto
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s luipy coke by cheap briquetting and earbontzing methods.

"7 For the reason that in cefni"ﬁéa;]}-_vév'e“rmauf.rnwy" cheapfuefea,nnvaﬂ_;

‘ able which cannct be gasified in a watergas. producer, new methods
‘mad to be déveloped which could gasify lignite-brigquettes or drier.

.. lignite of a small size or even pulverized lignite and: Iignité’-}qol"_ '
50 several plants ujei‘i';g-fligx_xiﬁe- bx‘iqﬁettéa_uefe ‘erected at the —
~Bulamd Synthesic Oil factory. . f . - - ARV

’

o . . b, The 'Didier-process of ‘Besification uses a ¢ontin- - \.

. uously operated vertical retort for the gasification with steam, .
‘In the upper part of the retort the coal is cerbonized, the gages'
of 4¢his zone;~é£1§e,"f'f'1;'ak"e'ﬁ"‘é £ downwards in the middle of the retort,-
‘80 that. ail vapors and hydrograbons arye eracked in the retort, .

Part of ghe carbon is dlecharged from the retort with the ash and
" gasified in e séparate gas producer, which makes the low grade g&
required for the heating-of the petort, Nearly 50% of the fixed
" carbon 18 required for the heating, .. . R R

.- An induétrial-plant of ‘this system has been erected For-the .
“production of gas for the Fischer- synthesie at Ruland, It wes

' ‘operated with lignite vrigquettes for many years. ~The guality of:
~the gas meets the requirements of the Fischer process, but the ’
process h:gt-pi%dve_& relatively expensive for igvestment and for

- production> ost compared with other methods.- . T
e .. The two-variations of ‘the Hillebrand 'method of
-ges{fying with ‘s circulating stream .of & superheated mixture of .& -
and steam, the Pintsch-Hillebrand plant and &he Koppers System _ .
‘have been described in Chapter B. S T T

- - - fmtininn,

—

.~ Due 4o the high velocity of the gaé within the fuel.bed, whi.
1fa highu.ggs_ificatibn. rate shall- be reached, these . -

]
.................

.methods also regquire a high grade. briquette or a lumpy non-die- - -
“integrating, non-caking ¢éal;- The coal mis$. be _reill__.gt.ivela_r;,-i'éaﬂéfi_,

~with a relatively high softening. point of its ash, The hesat-effi
glency of .this pracéss 1s only 55 to '60%, 80 1ts use has been . T -

" limited to good quallty lignite briquettes, =~ T

.. -g7-On-e similar base of “chemical reaction the Wintersba/
SehmaiFeld process has, been developed. .In this case. briquetting:
‘of the lignite is avoided, The dried lignite, which is disinbe-
grated by the drying process to & size practically between O and

2 mm, 1s gasified In- suspension in the strean of heated gas and
steam. = . R RN OPNE e . , LT S

- -

to ‘heat the

_ reactihg gas by the waste heat of the reaction ges, but naturally’
. the quantity of ash carried away with the ‘gas into the- regeneratc
{s st1ll greater in thils casé, compared with the preceding method.

- Gasification-in suspenslon requires a relatively high temperature
ztd -complete the reaction, so the danger of fused ash, which destr
"~ the brickwork of the regenerators and of-the reagtion chamber, 1f

8t111 gfenten in:this cese’ and the uncompleted reaction-results ¥’

" This-method equally uses & 'p‘a_irgéf T‘xéégéii;i'a.toréf




a lass of carbon-and in a relatively high content of 002', ~ This
original method of the plant hae proved & fallure, TFinally, it
- could be considerably jmproved by the use of oxygen in the’ rea‘ctio" .
‘chamber, . By -this means 1% is possible to keep the temperature - -
" belaw the saftening polnt of the ash and still to gasify with a-
temperature, .which-1s high enough for a. complete combystion of the:
carbon and & good reduction of carbon dioxide,-.No figures are -
_avallable from this improved Flant, but from other experiments and. -
from the theoretical-equilibrium-it can be expected that a raw gas’
of 12-15% €0, 40-45% CO and 45 %o 50% Hp can be produced with les: '
than 3% of CH, { N.” This gas is of a high quallty for the synthes®

 of hydrocarbonsd, if the €Oy contents are elimlnated y-but 1t requir

‘compression and washing with water, even when’ it shall be used undy
‘atmospheric préasure. - T

L

- .4 recovery of tar.oils is not possible in combination with
this process., It can be expected. that any slack coal, even in- .
.case_of high caking properties and & low softening point- of the i
ash, can be gasifled with the improved method of ‘introducing oxyser
into. the reaction chamber, =4 moderate pulverizing of the coal .wil!
be nécessary in general, ' . ‘ S

+ T8 The Wiﬂklexi-éagp“i‘odﬁceir-, specially -dé’si.é;ie@’i for the |

gasification of German brown coal and the fine char produced by: - |
‘carbonization-of this-fuel, ‘gasifies the coal in a relatively low. .
layer .of fuel (about 40 ‘inches), which is kept-in &’ turbulent moves

‘ment by the’ Hgh velocity 6f the steam and oxygen introduced from™.
‘below, - Smaller particles are carried away with the -gas and are T
further gesifiéd in the upper pary of the producer. "In the lasest

" design of this process & ¢ylindrical producer-of 15 ¢, of inner

~dlameter and 75 ft. high has been used, On the bhottom of the

 cylinder & seraper is rotated mechanically, which keeps the layer |

_of cosl moving and brings the ash to g scpew conveyer which 1s cons
nectsd to the ash receiver, - Only . smell amount of the ash-comes .
.out at the bottoms- most of 1t is carried off with the gas, Oxygeén.
.and- s team are introduced through the wall in two rows of “jets, the
-'lower several inches above the saraper, the higher dimmedlately abov
" the fuel bed, A considerable amount of the fine coa} being carrled

" off with the ges, it 1s necessary to screen the fuel.to 2 to 10 mm

. size,  This probably ig also required ‘for. a better coptrol of the
. turbulent -movement of. the- fuel bed, The gas,. which leaves :the ..

Pto'd.uc'evr"wi_.th about "10007G. -is conducted through a wa:steéhgat'-bdilg‘
4o a multiclone, a cooler and a sgrubber, It is_then treated by °
ron oxide, compreased, »”and-waﬂ'hed- with water for the elimination

' of COg,

'~ \ihen gasifying a lignite char (Grudekoks) of 3 t0 5 mm-size -
- with 30%:ash from a LURGI Carboniger.plant 300 m, tons of char coul
—be~gasified per-unit and perday, 42 to 45% of the fuel is carried
“on with the gams and sépérated to some 85% in a dry state from the

 gde, _the rest by washing with water., The dust contains roughly 509

of carbon and mpy-be used in a pulverized fired boller without &

‘further: grind_ingaz;}ly. .‘.1@% of the_introduced-ash is extracted at the
bottom, this.ash containing 25% of carbon. . T T '
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. From the high amount oFf sensible neat‘éﬁ?fted—off*hy—the—rrmr—

- gas., and from the high proportion of carbon separated in the elean-

ing device, it can_easlly be recognized that the efficiency of gas-
ification of thls process 1s very ‘low and that a good reactivity.
. of the.fuel is essential for -this- method, The amount of 002 must
. be high in the gas, so that a use for chemical reactions 13 bound

to compreasion and washing with water...; _

- ~

o s typical analysie of ‘the gas as normally pgpduced from char—
: for hydrogernatlon plants is- the*following. :

Goz,; = R K l.o% :
"o ] 38, o%-"
qukﬁfi:: ........ 59 3%

CHy. . 0 3

,-#,The oxygen consumption aleo_ia_gelatively_high.with_jhigg;;;;;
~ proceas and amounte to 300 to 320 nm” per 1000 nm™ of the above gas
The steam consumptionipractically can be covered by waste heat, .

: Only 55 to.70% of ‘the carbon used 13 gastfﬁad. T —

- If a cheap low volatile ooal or a cheap reaetive charcoal 1seea
available, the Winkler producer may be most sultable:for the pro- -
}duction of a high hydrogen’ ges, favored by the_high capacity of-a
unit and low labor gost- for 1ts Operation, B e T
f. Rebently. gasification oAApulverized coal by oxygen
and, steam has been developed”and tried in an experimentalﬁplant by
-the Koppera Go, at Eseen. A vertical cylindric reaction chamber ic
 used;’ which is subdivided by several eccentric narrows; producing
~in this vay @. turbulent rotating movement of the gas" and the pul-
verifﬁd fuel, Oxygen, superheated ‘stean, and fuel can "be intro—
duced in several levels of the reaction_chamber. A seqondary it
reaction chamber is provided to complete the. reactien.j A hot coke
.filter protects the plant- against explos;one from oxygen’ entering‘
through the reactlon chamber in case of a lack of .fuel. The heat.
of the raw gas is utiltied 1n a8 waste-heat boiler. Then the gas
-1s washed in'a_ scrubbaz+_ Steam and oxygen are superheated 1n a pal
.af. regenerators! which are gastired 80. that ash 1n these generators
is-avoided e ; - T ;_f. 3

. The temweratune 1n the"fEEEtlon chamber is kept below the_
'fusion poin@ of -the- aqh. : :

L o L e

It ie claimed by the Koppers Co. from calculations that in a:
‘unit of 900,000 cu.  ft, . capacity per hour, when gasifying-a-bitu- |
. minous.coal. o£+8+8%.ash and 20.5%. volaties on~dry basis, a gas with

the following analysie and consumption of material is produced- *

—

wssording Mﬂewman

FERTON
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L cop % . 11,0

o -t 540
;‘géﬁ; rﬁ’ _'éqio,
A ~
.Coal-dust usedmir" '27 é lhs p:WIOOO'ch‘ ft‘
oxygeﬁ-gsegm_,,;'f; 270.0 cu, £t, B. 1ooo cu. Tt,
~s£ea;—;t é atm- 11,1 1bs p. 1ooo cu. ft., |

Even it these figures may be considered optimistic with—regard
%o the contents of CO, and the rate of gasification of the carbon
“and possibly also for the.oxygen consumption, the Kopners process .

" may prove more efflcient than similar methods of ‘zasifying in

suspensionfﬁlike theWinkler and . the' Wintershall- Schmalfeldqprocesq‘
and-more—economical: than the-primary-Koppers- equinment~for-thef~—-e
‘Hillebrand method, because any pulverized cheap.fuel can be-gasifies-
with'a relatively high temperature. The heat efficiency of this--

process probably will be lowered to a certain degree—if a higher W
content of H is_ required as for hygrogenation purpoqe . e

cling'part of the slag.

As in all the processes of the group, if“‘equires compression
and washing of the gas for any further usse, except combustion, in -
order to eliminate part of the 002 content 3 Byaproducts-cannot be
recovered w&th this method. - A

: g.' Slaggine gas producers have been operated with oxyzen
and“with a lumpy coke in the Leuna works -on an indastrigl scale and’
also in the Ruhr district in large,sgale experiments with- the-~'
Thyssen*Galocsy producer. . T _ S '

In the Leuna works 8 shaft producer of a relatively low height
was- blown by one 'set of nozzles.only, the _temperature or ductility
of the ash was controlled by an.addition of limestone or by_reeir—

.

MroLes e
r

.. The Leuna 2as8. producer was operated with several kinds of
fuels, even with an’ ash -content of 50% and with steam as well as
with.coz- When ‘operated with steam g gzas containing P

6% 00, 626 CO )

B1%- Hz 1% Ny P~ ra_'l"*ﬁ 3

was produced with an oxygen consumption of 270 cu. ft. per 1000 v
‘eu. ft, of GOt{ gas, * and a stéam consumption of &8 1bs. capac~
ity per-unit- 500 80 cu- fteper hour.ﬁwm::, - "““i la,,;quWiilfhlii

Operated with Gogpfor the Production of GO GaS,_a gas Of the

Iollowing composition was produced- e

-

R

it

- 3ccordingvto:L,,LstewmenﬁM”472r



S04 00,
.92.5°% coi
rz”o:%iﬁ» |
0. .0 % GH

) 4w
*_ 1.5 % N,

cog consumotion 258 ou. £6 per 1000 cu £t of €O ¢ ﬁg._.;

_ The Thxgseanalocsy Producer was operated with'a very high
fuel bed according to the theory that by reintroducing gas into.

the lower part of the fuel bed together with the oxygen for 1ts.
combustlion, the reactlon zone could be enlarged and a- better reduc-
_tion of GO, could be reached. - Resilts of this plant do not differ
,essentially from the resulte of the Leuna producer, —— | o

The slagglng producer of'Leuna Works may be considered as a
good- solution for _the problem of producing a -gas rich in CO or even
a nearly pure C@ gas, if 002 is. available from another process,
—For—a-gas as-required-for-the: synthesis—of—hydrocarbonsfwthe Ho- o
contents might be adjusted accordingly by a conversion of part
_of the gas into Ha, If-the same grade of- coke is used as suitable
for a normal watergas plant, the-latter seems to be superior with
regard to production cost, due to the relatively high consumption i
-of oxygen in the slagging-method . - o ‘{V

Probably for such reasons the Leuna slagging producer has not
‘beér ‘adopted for other works of the I, G. Concern\ ds e.g, for the
~Auschwitz Wbrks ereoted 1942-44. In this ‘works géilflcation"with“

oxygen ‘and- steam 1n a cylindric producer equipped 1th a Brassegt

“A., Bs: C. grate was adapted for the pnoauotion of a gas for the -
Psynthesis of methyl alcohol .

. TR Gasification with oxygen and steam in a rotatlng o
"grate gas producer has -also been, used for the production of hydro—*
gen for a fertilizer plant at Meran (Tirol) " The .producers were -
”delivered by the Viag CoT of Vienna - =

- Qperating figures are not available from these plants. In
the “Auschwitz ‘plant coke from &.nonpcaking bituminous coal with

% volatiles produced "in & Iurgi carbonizer plant was used in the
'size of 1/2 %o 1 1/2 inch and-with a throughput of 60. to 80_ tons
of. coke per day and, per gas producer. N T -

s

%Ww_,wThe quelity of the gas*depends on-the proportlon o£~oxygen waj
“to . steam,_nhiqh_is_limited by the softéning point of the-ash; ~In "
“Gase "of 'a high softening point of the ash and us1ng toke, the raw--
'gas (calculated from othar experience) shduld be composed as foiiow;




TO5 %'- 148 42473jj
00 B 42,0 - 24,0
H, % . 42,0 ~'50.0
cw, # o2 EECED
Nz # w0 . o oo Llon

Approximate consumption per 1000 ou ft of (H2 # CO)

0, cuft 250 R - 230
Superheated 5{ L L le,:i ]'ﬂ;f;_;._'“ S—

Steam -~ 1bs 40-45. -~ T 60=70 .

: When uslng a nonncaking bituminoue-ooal the raw gas contains ,
3 to 5% hydrocarbons (mostly GH4) and the consumption of oXygen afc
'steam per 1000-cu ft may be 5 to 10% lower. T )

, Thie method of. producing mixtures,of hydrogen and carbon nono: =
‘ide may be most.economically used for the -gasification of & smally
sized coke, if a gas with a mediunm or & high hydrogen content is
“needed for a synthesis under_eeveral_atmospheree pressure, Inthir—
case the eliminatien nf GOgp, which 1s unavoidable, makes little
“additional cost and may dbe equalized by the high thermal efficienc
and a relatively oheap investment and operating cost

i

1. Combined Garbonization—Gasifith1on with bxygen as-
developed from the LURGI- Garbonizer has been described in Ghapter,.
Moist and high ash coals can be gasified with this method to a &gas
of a low content of' C 4 and with a high yield of bywproducts :

~ For the production of zases of & high content of_gé 4 co the
carbonization zone and the~gasificetion zZone &are operated with
oxygen,. ‘The surplus gas of the carbonization zone which contains .
nearly all the sulfur 1s cracked. whereby the CE, is converted into
00 and H,, the resins. ‘and organic ‘sulfur are degtroyed or converteéV
“4inte H,S. In this way mest of the sulfur 1e concentrated in a snaf‘
amount qf gas, and. can be recovered with a relatively small cost

" fhe gae produced in the gasification zone, which amounts to 80
of\ghe total gas and contains only traces of sulfur is purified
. only by a waterwash and the alkalic iron oxidsg’ placed before the
Acatalysts. RN e
_ - In case. of hydrogenation ‘an extraction of . sulfur is not
'_required for the gas from tbe gasification zZone.:

: The ratio of CO. to [, can be altered 1n a. wide range from 2 1
_ %o l 12, 1f necessary by recyoling 003 from the waterwash into the
gasification zZone, N
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'In some. cases the- carbonization zone can be operated with air
and the gas be used for the production of steam and: energy, This|
method is very economical fer coals of a high tar content. It ;
allows regovery ef o maximum of tar and. a very reduced 1nvestment
cost for the production of steam and energy.

When gasifying a- aubbitumlnous coal with 21% moisture,v 4% aSP
7.2% tan and with a heating value of ‘5220. Kcal/kg The_following,
gas is prqduced from l kg of coal:-~g e _ , ' ST

Garbonizer gas o f' - _“‘;% Producer gas. f:
| -Be— Split 4 Y{eshed_ | Rew Washed
Ww3/kg” T 0,18 0.2 018‘ 121, 07
: pdg '-1_8‘:'9',;- ';--',:'ié.b" 1 20128 R z |
Gl 0,0 - e o
0 .27.9 . B7.9 . 4B.2 . 56,2 62,8
H, . 365 48 51,2 @85~ SLE.
CHy jis,su *g;dfrw_ 2oe — 0,8 i_ 0,9
W, 10 . 13l 17 16
”.Oxygen Nm3/kg0.03 | N 0,05 0.05 c 0.3 0.3
Steam kg/kg ?.:a - e | t0;5;.i'.d ~9;5?;-
'required : ,v— L e e

- " The capacity of a unit depends on the sixe of, the coal
~and the fusion point of the ash normally 250 - 300 tons ef sub-
bituminous coal 1/2ito 2" 'size or 200 %o 250 tons 1/8 to 1/2“
<can be gasified per unit and dayJ :
o ~~j.  The LURGI~pre§<uze gaaificagign process, as developet
for the Droductiqn of "city-gas_ algg was described in; Ghapter B,

' The most. important advantages ef this method consist-in the pbssi—
bility of sasifying & small-sized raw coal with & good yield of -

- by-prcducts with-a low congumption of oxygen and without the necee.
sity of compressing the gag for the elimination of 002 and for

-utllization under’pressurei o o o _Mggf-

This p>bcess has been adapted to the requirements of- the i
production of & gad mixture of H2 and CO, When darbon or coke ;s
gasified under pressure of 15 atm with oxygen and consideradble .

“amounts-of steam- formation of-4 to. 5% of CHg- cannot- be-avoided
practically, ~ By the volatiles of a raw coal this figure may be
increased te 8 -to 10 per cent/in the 00 free gas._ For synthetica)
‘purpose and alse for the hydrogenation of ‘coal and tar such a
high content of CH4 not only reduces the output of active gas for

- the synthesis. but 1t lowers also/the absolute pressure of GO # Hz'
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and causes an additional loss of these gases because the reaction
‘practically cannot be continued below a certain concéntration - (30%?,
of Co-f H The''contents of GHé, which 1s increased in the reeldm
gas tp 5@ could be utilized by a splitting of the CH ‘into CO l

’» The CH content could also be reduced by splitting CHy in the
- raw gas undér pressure.’ " After 'a thorough investigation by experi-
-ments and calculatlions, it has-been found that the production of a
raw gas with a high CH content and splitting of the CH under et
pressure As the more eéonomical method, It allows the production '
"of a gas eof .2 ‘very high cqncentration of CO % ¥, and the CO2 con- -
tent of the raw gas facilitates splitting and ifcreases the CO con»
tent which is ‘limited in the raw producer gas by the softening .
point of the cdéal-ash. This process ‘may be considéred as a gasi=
- flcatlon with oxygen in two stages, the first comprising carbonr'ﬁ
1zdtion-gasification of ‘the solid . fuel to a maximum of CHy and
with & minimum of @g and the’second censists in splitting ‘the - :
“hwdrocarbons into CO and Hy by a further addition of oxygen. In
- thles second stage resins and organic sulfur gre perfectly destroyel -
The CO content-ef the gas can be regulated by operating part of the
gas producers with GOo and oxyegen or by introducing 002 from the
vater wash into the splitting chamber, o - !
- The pracess as developed for the production of CO % ‘B mixtur{
~1s shown in fig, 10.. It shows also the principal figures of operg~
tion with-a subbituminous coal of a medium'tar content. A pro— o
duetion of 4,0 to/h of primary products of .the synthesis is com~.
bined with a production 3.0 to/h of high—grade tar oills and high -
octane benzine without an additional cost. Synthesis gas 1s of &
very high concentration of GO #— 2,, The high cost -of oXygen is s
. equalized by the savings for a compression -of the rew gas, which
would be required in- case of producing the gas under atmospheric_;j
pressure ' o . : i
The cooling and cleaning equipment anﬁ the pipelines required
- for an operating pressure of 20 atm, are.considerably chesper than
those required_for the same quantity of gas treated at, atm. préssu:

_'l,“.w ti k. Relations between the per_rties of-solid fuels and
the- special features of. the various processes of gasification.

[ w2 -

JORC

Except from the gasification of a hard lumpy ‘coke -
"in ‘an intermittently working water—gas plant which still has - _
:considerable advantagesif'a solid-coke 1s aveilable at a low prics
all the: omher proposale andepioneeeeplants finally ended in adopt—
difficulties ‘caused by the fusing of ash Nearly 211 the methods
used in the latest plants buflt in Eﬁrope;wereubased on én exelu~—
sive use of oxygen as gasification agent in a continuously working

pas‘producer.l._ L -nmwmmxf“‘ e o RS -

The‘characteristic features of the~various methode ‘can be seen
from the. following table:
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The. table_shows that_each_ofmthe gas_producing methods_bgs .
special features with regard to the fuel guality required, the
tpossibility of recovering tar oils from a bituminous c¢oal, the
possibility of producing h'sgh €O contents or high" Fg contents -
‘and. . the necessity of eliminating Cig. v

Production of gas with & high content of Hz necessarily o
requires elimination of 002 S ey B

A primary gas with a high CO content and a low GO content
can only be produced Yy the water—gas method and with %he ﬂlgggL;g
- producer, but in both cases an expensive coke is required
St A gas ‘with a- highFCO content also can_be nroduced with the.
pulverized ooa;fmethods, but “the GO2 conten} of the gas is so high
that an elimination 6f 002 possibly cannot dbe avoided; Any coal =
slack including caking coal can be used but ne by—broducts can. be
-recovered. ' A . ‘

| Carbonizat1on-Gasification with oxygen 18 the method suitable—
for gasifying coals with a high tar content, even fuels which hav.
a. high moisture content (35 %) and 2 ‘high content of ash

p

_Gasification under pressure allows—gasifying even small~size¢
coal with a high throughput and with a good oil recovery, It
seems most economical when a.zas with a hizh hydrogen content 1s

.- required, It allows producing the gas under a pressure -of 20 atm,
It is very eCOnomical in connectien with gas—turbines for the pro~

duction of power. ‘ . . : : T
. ) . ! -

In the next table “the" Eﬁﬁracter of the~coal is taken as-al- bas..

- for classifying the gasification methods' B -

S

Low ash :Content R T e T T'High Ash Coﬁtent .

Fulverived 0. pros.  Siask  ANTFEACITE  Slack  Palverized C. Proc, T
Pressure-Gas ——-  Smalls IR ~+  'Smalls Carboniz.~-Gasif. '
A,B.C. Producer - = -Lpmis - - .- Iumps - Slegging Producer

. Pilverized C. Proc, - Slack ' - . “Slack o

.- #atergas Proc. . R o Iumps - Pulverized C. Proc.

""A.B.C. Producer Coke' - . CaRING-. - - % - e
Slagg, Producer - . - BITUM, COAL _— - T

'tfulterizedlc. Prod;'-"SIack . — - Slack : PulverizedfCi'Proc.i?

~ Pressure Gas, Smalls . NON-CAKING . « Smalls Carboniz,~Gasif.——- "

- Carboniz-Gasific. ' Iumps . BITUM, COAL  ZLumps 'SlagglﬁgéProd.‘?
~A.B.C. Producer - Caoke. ﬂ PR S :
Pulverized C. Pred. = Slack . _ ;}iJ = Slack - - Pulverized G Proc B

. Pressure~Gas = Smalls SUBBIT,- COAL Smalls =

 farboniz.-Gasific. - - Tumps —and LIGNITE Lumps . Carboniz. ~Gasif1cation

Winkler—Producer ____ Coke o : L
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f"————F6r—severai—cf—the—methm&s—the—apo%icat%oﬁ—%s—%%mi$edf4mp__‘
special fuels, mostly coke, Gasification of pulverized coal cover;
the whole- range of solid fuels, 1f the ash content 18 .not toe high'"
For non—caking céals with a high- tar content the recovery of by- "
products may be deciding in favor of pressure gaséflcation.or com-

bined gasification carbonization, The latter is very suitable ‘als
for high moistune and high ash fuels

© G, Purification of - Gas and, Recovery~of~3yeproducts—

' Ixcept for use of producer eas: in metallurgical factorief
where the gas is often burned hot in a furnace connected directly
with Qhe producer. plant, gases from coal must be cleaned for their
further—use, Dust, tar, .and’ water vapor have to be removed-to ave
difficulties with pipelines, valves, instruments and burner34 So:’
- gaseous compounds have .to- be removed because they would disturd. ¢!

‘chemical reactions for which the gas shall-be used, 1In genera},_:
maximum congentration of Ho + 00 is ‘required, - Sulfur compounds a:
such compounds which might form a eolid residie are dangerous for
.the constructing material or epoil the catalysts used for the reac
tlons. S _ _ , i - T

s Removal’of“dust and %Ef:'

. For the removal of dust, Cyclones or Electrostatic ;
Precipitators must be used when the dust shall- ‘be obtéinedadty or
“the zas shall not be cooled, - Cyclones only take heavier graine;:
electrical precipitators can be buillt for a very high purificatior-
rate, - If the solid particles must be removed complétely washins' '
with water in a scrubber or with a disintegrater usually is suffi-
‘cient to protect the following stage of the process, mostly. the 1-
.oxlde boxes, against dust,  If the raw gas contains only very lit'
-dust. washing with water alone is eufficient. -

o -'~

' . .A gas which contains tar and dust at the same time me
be very difficult to handle' unless- either the quantity of dust per
:eu. ft, or the quantity of tar“is‘very low! ~As a matter of fact,
the - problem of-- "dling a gas with a- high content of tar and e hi;
content_of_dust 1S not been solved, ~In this case the dust must !
- taken out. above. 0°c by cyclones; but mostly the temperature of t-
gases when leavingz the carbonizer or the'gas. producer is not high
enough. Sometimel the dust contained in the ghs 1s so fine tha$ :
does not separate in a cyclone, as e, g. with rotary kilns. Many -
system of carbonizatlon or gasification had to be given up‘because
of difficulties wijh treating the gasesy If the temperature of: 't}
ges goes ‘below 350 C'the heavy tar-is condensed at the walls ofi'
pipés and coolers and forms solid layers together with the dust,. -
which block the pipes within a short time;’ Mec@anically such a g.
zould be handled by-a disintegrater. but.the tar olls recovered iy
4his way are considerably spoiled or even we rthless bécause of.a .
considerable content of dust and the polymerizatlon whith- ] @m““
‘place during the pumping and heating of the tar., If operated bel:
the dew-polnt of the gas: the tar is still more spoiled by emulsior
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of tar, dust and water. MpOSE

It is
refining methods. o
N 1{~~G@Sifi¢ation and_carbonizatlon of fined or of a pulverized
coal in a suspension, which kas often been proposed and sometimes
experimented on g big scale, may finally be nroved Ampossible, - .
unless the tar olls are completely split {nto “permanent. gases.
: Wormally the gases from carbonizatlon or byaprOdﬁctvc%sificap
tion contain high amounts of tar, from 50 to 300 grams m® of ‘zas ’
5 ta 30 grams of coal dust, the dust being’relatively‘heavy, The
temperature of the gas 1s between 100 and 40000, In-order to __ -
_separate as much of the dust as possible before‘¢pndensing—tha‘tar,
the hot  gas-isL£u1dedwthfough.a wide =zas chamber, in which the -~
dlrection of the gas 1s turned &t thé-bottom“of the chamber with
a low speed, from downwards to upwards, Such chembers settle most
of the duét‘yi§hou£fébndensingfmuch of the tar., They often are

provided with a ‘woter-seal, thiough which the dust cen be-extract:
periodically, Then the gas enters an electrostatie precipitator,
after its temperature has been brought near to the dew point of ths
gas by spraging watgr in 1. Normally this temperature 1is kept.
between-120 and 80 C.in order to condense all the as~haltic com-

- pounds and the paraffin wax conpletely in this fraction without

condegsing any water, Then the zas 18 cooled in surfacé coolers
to 25 C or less (practically 3 %o 5C above the water temperature) .
It is.then‘washed_with 01l in an oil scrubber for the recovery of

1icht oils. o = o e -

; This system of condensation has proved very satiSfactory‘foffm
" the considerable improvement .with regard to the gquallity of the tar
olls and the facilltiles in refining reachedwbyvthis'rbughly frac~-
tionating system, The heavy oils are free from water, which would
cause difficulties in the distillation. The medium oils condensed
ig;the cooler easily separate"ﬁdm'watez;;,They are - free from o
. asphalt, paraffin wax and unsoluble rﬁsidués and can easily be ‘
-réfined for gzas oll,. Operati j;dbgtAfoﬂhis system also has proved.
very low as compared with dié?itegra%ois or 6nly cooling_ of the
zas, because the consumption. of anergyjafmthe.elect:ostatisﬁpre—E
cipitatonr is“tery low and the;cooleré'are3keptwab§81utely clean .
~and can be calculated with a much hizher heat transmiésian~»1 -
‘ S - i L
, 2. TFor the IURGI .carbonizer plants crected for bitu-
 minous coal in Upper Silesia another method of a fractlorating
condensation has been~develépeQS"with the purposefof.immediately
producing a pitch with 65 to 79 C melting point and a fuelgoill ~
for the Navy with a low viscosity and a pour_pol ;below4O_C; In
this case the effect;ofwénﬁeieGQTical'precipipatorﬁts reduced by
the high viscosity"of"pitch.and-posngly separatinz of dust and’
_asphalt on the surface of the precipitator,, -The piteh fraction -
is separated‘afﬂé”témperaturetoi*lSO‘to 150 G by forcinz the zas..
through a number of nozzles yith a speed of 20 to 30 m/sec., the
dirsction 6f "tie ‘zas. being t rned ‘at the moint of hichest.speed.
The nozzles are permanently washed by the pitch;y The fuel oil is
theri-&ondensed in the su;face.coo}er an&riﬁ]may be regulatéd in
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1ts flash point, 1T neceSsary, by scrubbing the*hot**as*withfthis“
011 after- the pitch condenser ‘ AT , .

3. For the recovery- of benzine,vwhich in general is )
economical with carbonizer gas, the o0ld method of- scrubbing’with
wash oll 1is used, .-New types of scrubbers have been developed in
order.to ‘replace. the very voluminous towers used for coke ovens.
Compared with coke oven gas, the. gas of directly heated shaft car-
bonizers or gas - producers has a lower concentration of 1light oils
and needs less 01l per cbm.of gas. An equal distribution of the
oi over the whole cross—section of" large scrubbers 1s diffiqult
under this condition.

Three types of o0ll serubbers are installed in the
large carbonizer plants built in Germany.yn,s .

— The Walther Feld sprav washer consists of a cylindric
;tower of 10 to 13 feet dlameter and 33 feet high, which 1s equipped
With a vertical rotating shaft 1n 1ts center, Conical rings are . .-
mounted on this shaft - They are provided with holes or openings
which spray ‘the o1l in 6 or 8 stages into the eas, which slowly
moves upwards. in the tower. This . equipment 1s relatively cheap
but it needs much eleotrical eneray if‘a gqod recovery of the light
,oils 1s wanted N —

- - {
- (

A A washer proposed by Weindel consists of la tower ‘

_65 to. 80 feet high equipped with 10 to 12 layers of Raschig rings,
each layer 5 feet thick, Between the layers of rings flat_basins
"sre mounted .bn a central rotating:shaft., This device procured an
.equal distribution of the wash oll through all tﬂe layers of the.
tower, . This equipment is more expensive but 1t needs very little
power and supervision and has a good washing effect. .

4 third type of a. washer called Stufenwascher consists of a

—large tower-28 to. 33 _feet high and 33 feet of dlameter, the cross -
section divided into 8 to 1l0.vertical towers, éach with 3 to & .-

" layers of Rashlg rings-or equipped with layers of wodéd, The gas

" flows through each of the ‘vertical-seetlions: successively -and is.—
washed by the oil which passes 'the sectlons by: means-5f a-corres.
spond ing number of circulating pumpe in counter current to the zas.
In the middle sections the:washing is- intensified by pumping 5 to 6
times the quantity of oil over these sections as compared with the

~"fresh wash oll delivered to the first section of the washer. This

:'system has also proved verx efficient, = — - :

.
T = e

: Normally an improved washer of the Weindel systemt with a.
distributing device somewhat simplified, seems to be the best equip

—~ment IR - ' - o

} For gases. of .o, hizher concentration of the 1light oils, -as for
outs1de Heated carbonizers and for pre'sure aasification..a single
‘tower of the coke oven plant type ‘has ieen used with sood results.

_ | For the reactivation'oﬁhihe wash oil by distillation, steam
" heated equipment as well as aas fired heaters have been used
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The wash 611 1§ taken from the medium oils produced in the
‘samé carbonizer plant, In general these olls have the best wash—
ing effect for the benzines produeed the game coal, They are frac-
tionated to a boiling [range of 220 to.BZQOCxin,a small separaﬁ?J ’
column, - L LT e
o The wash oil 1s saturated with 2 to 3% of benzine in the
scrubber depending-on the primary concentration in the gas, 1In
the pressure gasification process 5 .to 6% saturation is usual.
‘In'the digtillation plant the o1l is topped to 0.1% of benzine
below 180°C(Englertest), The equipment of heat exchangers,

coolers and of. the column is the.usual_of'6fl_distiiling¥plant§ ‘

 In plants where the hydrogen sulfide has ‘been-taken out by
iron oxide before the benzine, activated charcoal can be used '
“with very good results, - Thls method is of a greatadvantage in-
the -case of using the gas for a Fischer synthesis, because the
‘activated ¢hardoal also-extracts the resinous and part of the
organic sulfur compounds.of the gas. = - ‘ — .

. -With thé Qagh oil ﬁlant-noiﬁgli&fz“to 3 gfamé oflﬁanziné,:
boiling above 50 C are left. in one cbm of, ges, . With-an activated -
charcoal plant the recovery ig complete, .~ - L

. - 4, For the Extraction of Hyd}bgeﬂ $ﬁifidé¥§arious
_methods have been used, R _ —

- N In ‘zeneral an intense purification as required for
the synthesiéfbf“hydfocarbdns'néeds iron oxide at least for the ™~
last traces of H.S, but liquid methods of purification have often

been used as’'a p%iﬁary stage for the recowery of sulfur from a -gas-
with a relatively hich swlfur content, In case of utilizing the—-
gas for boller firing such liquid methods are sufficiént-and. fiore
economi¢algf‘Fonla hydiogenation plant they may be sufficient Af

in the CO conversion plant a catalyst is used,_which. allows. traces.

iz -

' of hydfogen sulfide'as e, €, 20 to ¥ Eramm of sulfur per 100.cbm,
which seems to be the practical maximum of purification for-a
liquid method. = R oL R

~ Iron oxide, mostly used in-the form of LUXmasse (from alumi-
‘num’ factories) ‘and—improved in-its physical structure by.an-addi-
tion of some natural-ore,was used in-smaller plants.-in the box

~ system; in plants of & nigher capacity the&awer sysyem was usual,
which provides mechanigal facilities for the changing of the con—

tainers which carry the iron oxide- in the tower, . '

. ,;Eqr the purification of gases under- séveral atmospheres pres-
sure, speclal towers have been developed-which allow a ‘quick '
”Mrgmoval and.a_good tightening of the cqver—oﬁé%he tower. - '

: . , . A 77.:;—-_4,‘_‘ e e -

~ In case of part of_ the hydrogen-sulflde being removed by a

liquid method or by a water wash under pressure, the iron-oxide
equipment may e reducéd to a 37y 3 étage‘ﬁaSSing_only.._~
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" B The llquid method ‘imown.as the’ ALKACID process ‘has
been.used on. a big scale for the recovery of sulfur ulfur from gases of
the LURGI-carbonizer plants erected in Saxony, It has also been
" used in hydrogenation plants for the purification of the residual

: gas of hydrogenation. i

In the alkacidqprocees a spec1al solvent called alkacidlause
Tis used, which was dellvered by the Leuna works, The cost of this
"solvent belrag relatively high, 1t was very essential to avold con-

"sumption of the solvent by certain compounds of the gas as’ Cyan:
compounds, | 2 02,;and soz -ébiﬁiicul$ies_from_corrosion_and too_
high consumption of solvents have been overcome by a primarijash
of the gas with a potash solution. Finally the Alkacid process
was considered as the mos%t economical method for removing -80 to -
WQO% of the.sulfur from.gases with a high content of hydrogen sulfid;

6. & plant for washing with'a Potash solution has been
delivered by the Koppers Co. for a "LURGY carbonizer-plant but here
‘also difficulties'erose with corrosion and unexpected high consump-
“tion ‘of the solution, so 'that this method was not considered as '
more economical than the alkacid method working under the same con-
ditlons. - , :

vl

In Pressure gasiflcation plants the H s 1s removed in the most
s1mple way together with part of the CO bywaswaterwash and is-
burned for superheating the steam used ?or gasification.

7. For the recovery of sulfur in connection with the
,Alkacid ‘and-with_ the. Potash solution method, ‘the gases from the
regeneration of the solutions which containzfrom 50 to 80% H,S
are burned in‘a Claus—oven with a reduced quantity. of. air. le~
‘mentary sulfur is recovered in ‘blocs, The waste gas of the Claus=
oven, which contains much sulfuric acid 48 diluted by air before
leaving a relatively high stag, or it may be treated by the sulr
fidinsprocess for the recovery of sulphuric acid T

: I

The eulfur produced in the Claus-oven 1s clear yellow, It can
be produced at a cost. of 100 to. 120 Rm from the- highly (2% #.S)
‘concentrated . éarbonization gases of German.'lignite, -In this case-.

the complete qperatlng cost of the liquid solution plant and the
Glaus-oven are charged to the sulphur, In Hydrogenating or Synthe—
sis plants a considerable part of the purificatlon cost can be
Mcharged to the produced motor fuels.- e -

: The extraction of. CO . from gases 1s unavoidable in
‘the production of. hydrogen because any process of producing hydro-
gen by water-gas reactlons 1s” “bound to a fonmation of. considerable
amounts of .CO: dn the primary stage of gasiflcation as: well as 1n

the conversion of the GQ. T S : :

:

_.,% lalso required for city gas produced by

Eldmination of 00 1s
gasiflcation of coal. gs ec1ally in the pressure—gasiflcatfon
_method . .

{ _ :
For the’ synthesis of hydrocarbons under atmospheric Dressure
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—eitmrnationfof CO‘—has—been_avoided_in_general by using sueh .
methods of gas productioq which.produce a primary gas of a xegaﬁdve.
1y low GO, content not exceeding 12%, or the elimination of €0, s -
limited to that part of the _ges which had to be converted with a

’catalyst : } _

o C el T e An 1t reses eco:.-t

) ' For a synthesis under pressure it will be in most cases ecosn
nom¥edl to eliminate CO, from the synthesis gas,_because the addil--
tional cost far washing is relativaly low when the gas {s under

pressure already.

T 8“_Wes§ing with water- under a pressure between 10 and
20 atmospheres is exclusively used: for the elimination of CO “The
water used for washing absorbs Hp S and €O, in quantities which are.
proportionate to the pressure -of water ang o and also depend on

~the -temperature of the water., The ‘absorbed gases are released frdm—
the water by 1its ‘expanding to atmospheric pressure, but a certalnm”

_amount of the gases--remaing in the~water unless this 1s intensely
‘aerated after expansion, 4n_intense aeration of the'water is- JPpos—
sible only when HpoN has been -removed before the waterwash, because
most _of the HZS would be liberated w with the-air, For this reason .,
normally a rmelloval of HoS precedes s the waterwash In conhection
with LURGI- pressure gasification dtfficulties with releasing
.into -the air have been avoided by using—limited quantitles of- air,
which are conducted to the combustion chambers of the boller house,
The-expansion gas with & heating value of 40_Btu/cu ft is burned
together with 8 higher grade gas; for superheating steam, | &~

For the absorption of 00 towers 5C>to 65 high and of 7 feet
diameter.are used, whigh are gquipped with several layers of Raschig-
rings. The water flows over these .ringsg and the gas passes upwards
‘through the water, TFor an equal distribu&ion of water and gas and -
for thelr perfect contact the ‘quantities of. water and gas are €o
_regulated that the waterflow is retarded by the’ ascending gas

In order- tq recover part of the energy used in the water pumps

- ‘the water which comes .from the tower is expandeﬂ~through a pelton

,tunbine into a receiver for water and expanded ‘gap, - The gas 41s con—-
ducted to a burner, the water is pumped with a low pressure pump on

*top of the aerating tower, from whiqh it flows to ‘the: pond for regens
erated water, B - ‘ .

-~ - - - . L LA

This aerating tower is a closed cylindric vessel 32 to 35 feet
- high equtgped with 1ayers of wood imp case of a HpS containing gas.
It ean be constructed as an open tower of wood in case of washing
a gas previgqusly’ freed from H S. A fan s required in both cases to
move the air through the tower, =

Part-of the power required for the pumps is recovered in the
..expansion turbine,. which mostly works immediately on- the shaft of
the high pressurerpump. S e ,

- 30 to 35 of the energy 1is recovered. the higher figure counted
>for washing with 20 atmospheres.
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o os te o. ov xwhlnm of purified gas },J-,'

.'{ fe or 1 4 to 1 95 KWh/lOOO cu ft - fﬂn,fﬂTi“ﬁT ﬂfﬁ'9z
. : .

the 1ower figurea relating to a removal from 12 %o 3% of Coz.a
.the highen figures to a reduction from 30 to 2% S B

né' The inyeetment eost depending on the same conditionsvaries

f“from ;' 1 4 to 1 e Million RMJI Million eu ft/hour

o The labor cost 18 unimportant...

2 men ane required per shift for l m;llion cu ft/hour ;ﬁ

: ,,A tivatgd charcogl is used except from the recovery
of light oils and: gaa,qil for the- elimination of resin forming
cnmpounda from-the gas used for theﬂgynthesxs of. hydrocarbons.~
‘These pesins if no remavedvspoil the. catalysts and can reduCe  '
their activity eonaiderably - ‘Compounds of " this_kind preferably

are’ contained in a gae produced from- bituminnus goal or- lignite
if these gages ‘have ‘not been heated to wery: high temperaturee .
(above 1000_0) in the' gas praducing proceds,: Mostly-in: this case.
the gas cnntains’ also 1ight oils apd _gasol’ (G Cq) which can be I
rec0vered at the same time with the activated charcoal .
Part of the organic sulfur is algo removed'iw the—activated
charcoal For: this r ason the catalyst for the- removal of organic’
eulfur (Feinreinigung is saved and lasta fnr a longen period -

f“ A cleaning with activated charcoal 1s considered as necessaryf
for all’ those gases whiob ‘have been produoed from coal - Bven for’’
a watergas plant. in which coke-oven gad ie split in the firebed
of the gas producers, qhe activated charcoal treatment :6f the- gas
has been proved an ahvantage;‘ Clear watergae and possibly gases -

produced bx,gasifying pulvenized coal or 1umpy coke with oxygen ..

_‘need no activa;ed chargaal, or. probably can be: produced free from

“gum forming. compounds bx\gn adequate control of the’ gasifying o
temperature, L - C o e ,_g,;_ TLw.rli, : R

_ If mhe—Sznthesis plant 1e oPerated under atmoepheric pres~-””
sure, an aqtivated‘aharcoal plant. 1s usually. provided for 'the _' :
recovery of the: synthetlc]lghxtoils ‘and " the. gasoil In a pres= ',
~ sure synthesie plant these produgts’ éan also be recovered by ﬁﬁ%@ﬁ:;
“ing hethods. Tne activated ‘eharcoal plant’ for the synthetic -y“
pro&ucts may be. uéed """ for the cleaning of“the synthesis,gas in some -
_cases where this gas has been purified ‘carefully from light olls

- before enteéring the charcoal: . This is’ necessary . in order’ to_keegﬁ
sulfur containing Jight Ails away from the. synthetic oils “Phe ,‘
--gynthesis -gas-- 15 used . for. .0001ing the' -activated: charcoal,. which
previously had. been heated for thé”evapgratinn of the synthetic

. oils.» : . . _ v

An activated charcoal piant consista of one or several groups

o
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of three centalners each, which are £1lled with-charcoal—of -apprex-
imately pea-size. The conteiners are equippéd with a system of
coils, which can be heated with steam.or cooled with water, The
_three containers afe working together so that one is operated with
‘the o1l Containing gas, the next is.heated 'with steam for. the evap-
oration of” the oil or the regeneration of -the charcoal, and the
‘third is cedled by water and by sending cold zas through the char-
‘coal. - For the perilodicel change of this run the plant is éequipned

gt

with*a‘number_of valves and dontrolling 'instruments.

. A Synthesls plant can esmprisze two ind¢pendent charcoal plands,
orthe cleaning of the synthesis gas from gum-forming compound may
be- combined with the necovery of the synthetic oils in some aexcep-
‘tional cages‘ S o S ‘ R O S
— N e . - o . oo T e
Coep. T 10, “For the -removal of o;ganic_sﬁlfur»cdmvgunds, whi¢§;;
have passed the preceding stages of purification, alkaline 1ron .
oxide is uéed*exglusively;',Afpurificatiog on less than 0,2 gr of.
sulfur per 100 m of gas ds—considered as.a sufficient protection
of the synthesis catalyst, This degree of purification can be -
obtained when the gas has been freed from hydrogen sulfide com- -
pletely by & tower or box system of wet iron oxide (Jux-mass),

and in case of gasifying coal, part of the organic sulfur has been

converted into hydrogen sulfide by high temperature or removed by
activated charecoal. IR ' T - e

The catalyst for the conversion of orgenic sulfur into hydro-
‘gen. sulfide, which at the same time absorbs the sulfur from the.
hydrogen sulfide, consists of Luxmass and NaHCOj. - It is operated
,mizhgsoo_zo_asoﬁc continuously, the entering gas being preheated
to that temperature in a,ﬁiéﬁégxé;;;heated by .gas. The catalyst !
used in Germany was 7-15 mm sizey- ~Fts production cost amounts %o
100 RM/1000 kg,,_ItAwas,mannfaqﬁugéa_by,the Rahrchemie and delivere’
“to the other works; The used material wasithrown-away. _',AJ
R + AREE - 81 WhAYEY. N

'H, Treatment of Wasté&-lWater, Recovery of: Phenols
o R o T s T

+ ... In connection with the Carbonization and Hydrogenation plants
which have been erected in Central FTurope numerous new methods for’
‘the extractlon of phknols from waste-water have been developed.
Extraction with benzole wvhich worked Succeasfylly is coke-even-
plants was not found satisfactory for carbonization plants, because
benzole is not produced in these plants, Experimental plants for .
the extraction of phbrols by means of a fraction of tar oils cor-
re§pohding to the sglvent naphtha from natural oil have been aban-
doned findlly in favor of other methods whichreould be operated 7

“{ndustrially with better résults, Some typlcal analytical figures

of waste water from carbonizer plants are contained in the follow-.
ing table: S T A ) =0

o
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Waste water - Contents ' Contents Phenol . NH,
per ton of of phenol ' of FH Kg/ton Kg?ton
qcoal g/1ltr g/itr © of coal . = of eoal
S m /ton : : '
e -
tCarbonizer pl i — . - —
' Bohlen - - . : B
{Brown coal) . 0.136 - 8 5 - 1.09 0.68
" Pressure-Gas ~ o o
. Plant T - N -
"Bohlen 0.800 5 4 4,09~ B3.20
__Carbonizer pl. o - - B}

Hirschfelde o ) .

(1ignite) - 0,178 15 4 2,67 0,71
Carbonizer pl. - T
Blechhammer": " ' = - -

- (pit.coal). o 77 B 6.3 5 0.7 0.55

L =
1. The Tricresylphosph?te-process

This process has: been developed by the Leuna works and has -been .
used in several works as Bohlen, Magdeburg, Ze1tz. )

”he solvent has a very good solution power and
of the water is rather complete.~
this process if other. hlgher boiling car
contained in the water, such as fatty- acids.
They remaln in th

.not evaporated with

within a relatively'”h rt- period,”bauéY

expense for the cons

: The«TricresylphosPhate—prgcess reccntly has been replac
‘PhenosolvansprOCess.ﬂﬂ

2. The Koppers process of purify1ng waste water fro

st s seme 11

the phenoy

Serious difficulties

the burifibation‘i
have been met with
bonization products than pnbnol are~
In this case the acids are

e solvent and spoil it

ng ‘aifficulties by emulsions-and high

tion of solvent material

developed together with the
the phenol is evaporated from
The vapors move upw

introduced steam,

!which they are washed with a- solutio
“absorbed as sodium-phenolate,
:The abqorption 1s rather
‘concentration.,
which is required for
extract_ phbnol from the nap
%ﬁfto 90% and then sold to chemical works for

~by-means of & fan..
withdrawn with 50 to
sodium-phennlate,

saturated solution 1s used to

carbonization.

60%

the “production of artiflcial re51ns.

In order %o eliminate 004 and vart of -t

difficulties i¥the process-and decrease the qua

~ crude water- is. treated first in a column in which 5

This vapor; which cantains all the 002, the
' .87 '

orated.

Saxonia~State-Works at Bohlen,
the water by means “of’ ‘heating and by directly
rards in & high eylinpdric tower, in

n of sodium hydroxide.
The steam is recirculated to the wash: “tower -
complete 1if the phenolate is

In order %o Droduce a saturated

ed_—-‘gy%-the[_ -

m ohenols has been
In this process

The phenols are

the. recovery s8f phbnols, the partly

...................

<

phtha fraction of

he fatty ac1ds. which cause
lity of the phbnolate, the

¢ of the water is evap-
Tow BoLTIE fatty



acids a§&~10% of fhe phenol are conducted 40 thé'powerhouse.po;be burned under
ers, 0,5 to 0.8 &Tr phenol per ltr are left in the purified water,
. I o :

the boil ‘

The crude phenél.producedJﬁith‘thié me thod éﬁhtains 50o55%.cafbolié'
.acid and 40 to 35% cresol as an average of several carbonizer plants in Central
~GeTmany. : : ' - ' :

3. Recently the Phenosolvan~-process has been developed by the LURGI
Company, together with the I. G. Farben works of Levgrkusen,' This method -
has been used in-the factories of Brux and Blechhammer for the purification
‘of waste water from carbonization of coal and lignite and from the hydro--

genation,pf“cpal and lignite tar.
. X v 4 E . ) . . FQ ‘ ) . . . N
Inﬁthis'processgiso-butilacetate:15 used as & solvent. This solvent
having a lower boiling point than Phenol, all the:~difficu1ties,’which were
found in using Tricresil phosphave,” have been eliminated. The solvent remalns
_absoiutely pure, Impurities are withdrawn permanently with the crude phenol.

' The process works as follows: - . | _

——— o C——

. . Waste water is extracted 1n one oOT two towers in counter— .
current to the solvent. The phenol solvent solution- 18 distilled under atmos-—

pheric pressure and using small amounts of direect steam, The golvent is ... . -~

evaporated by means of & eolumn and recovered with_a;conténtﬁgg_}:o% phenol.-7

- ?he phenol withdrawn from~the.bqttom_offthe_cdlumn,1s-¢16t1113d under vacuum
in order to recover;the reat of the ®wolvent, 1é8s than 0.1% are left An-the =
‘crude phenol. T e _ 3 : '
v —-The purifibd'watex contains from 100-200 mg/ltr.of phenol.
 Capacity of the Brug-~-plantsy - _ 77 | -
2800 n®/day waste water -

with 15 gr/itr d‘f----gn?goi . e
'CapACfﬁy‘of the ﬁlechhéﬁherfﬁlan£fi“
T 2100 h?/déy waste wétg;”lln
with 10.2 gr/lff%6f ;£é§ql‘

: Though thils process 15 very efficlent and 1n'moet”caseé'cheap_énoughi
to cover the total production cost from the price of the_phenol; the.purifice-
tion of the water_sgggtlmea may not be gufficient. Thls 18 the case in densel;

~»populat3d'distr1cts wvith a 1imited supply of stream water like Saxonia.
" . 4..-In thils case a complete purificatibn‘isfpossible by the hiological‘
method developed by Nolte. In this method the phenols are consumed by '

bactéria4wh;ch'need for their 1llfe and good growing a good oxygen supply and

a temperature between‘lﬁ“an€,35oﬁgw,A;piant of thie type has been cperated for -

_man}y years with crude waste water of a earbonizer p&antﬂat‘Goizaﬁ. .The water

contains 4 gr/ltr of phencl and 1s purified to 50 mg of phenol per 1ltr. It is
¢laimed and proved by larga;qcale'éxperiments.that a4purification,tp*less;than
10 mg/ltr _can be obtained with a waﬁer'primarily*pﬁrif%édftd less than 308. mgs




.

by other methods as 1w the case of the Phenosolvan process. -

In the Golzaw plant difficulties arose from the ‘rude water by fosming,
which 1is considerably reduced with a water from.which phendls have;bean_hg
extracted. . . - , . oo e

In the Golzau plant 30 mz/h of .-waste water have been treated'aft%r d1lu-
tion with 150% fresh water in e pond of 1309 m® water volume. -3000.m7 of air
per hour have been blown through the water by means of porous pottery plates
fixed at the bottom of the pond., — 2@ kg phosphoric acld have been addedlto

- the water as an additional food for the bacteria. .

. As a Summary of the experience with-the various systems of purifying = =
* waste water, ‘the Phenosolvan method 1s considered as the most reliable and 1
the most ecomomical method. It has beén proved as the only method in which th
‘price of products covers all the expense, o ‘ -

- __ 5, ’F{igéring‘of_ﬁastéi;wa%er'throughvash-piles -

—TFor a long time this method has ®een considered and used as a means,

— 40 reduce the phenol content of waste water. This method cannot be considered
as sufficient in conneotio@"with‘an-indugtrial plant for the carbonization
or.the hydrogenation®of coal and tar. In this case the phenols, which tem—
_porarily have been retained in the ash pile, are carried off again into the
rivers by heavy ralne, ~But copditlons may be entirely diffierent if the
water has been extracted for the recovery of phenol by a modern method. In
this case the filtering of the water by spraying it on piles of the ash of
boilers and gas producers or of.the.residue of 01l shale may prove a mears :
of reducing the thenol content of the water sufficien¥ly and to avoid another
"more costly equipment like that of thé biological method. . A dry climate and
‘the relatively high ash content of oil shaleand other low-grade fuels are
conditions which favor the use of ash piles for this purpose. -

[N
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IV, Charactetﬁgg'Prggucts
A The Products sf Carbonization “

- The quality of the ceke produced by car)onization depends hiehly
on the property of the coal,. The ash content of the.coal:is 1ncreesed by
carbonization t6 150<,with bituminous coal and may even go to 200%
the coke with a high volatile subbituminous cpal, A 1ow ash coke can be
produced only from a verx low ash coal. -

When—carbonizing briquetted coals the ash content may be cons1derab1y
lowered before its briquetting by the usual-methods by reducing the ash
content of the coals — .

The contents .f volatiles of the coke can be reguleted between 12’
and 2% with direct heating methods as well as with outside heated fire—
brick.retorts. ‘With iron retorts 1t cannot be lowered to less than 8%
The most important fedtures of the coke are equal size,. densﬂtv and .
resistance against abrasion, They can be achieved with hon caking
bitumlnous lump coal. Other coals can be carbonized to a very solid,
dense, and equally shaped coke by using special methods fer the brigquetting
‘of the coal, Lignite and subbituminous coal can be briquetted ithout a
binder, Bituminous ceal requires 2 tvis of binder ' TT ‘

-

High ash fuels with a high tar ccntent shculd be utilized by a com—

~ bined carbonization—gasification process? _ -

. The character of the liquid products of carbonizatlon depends on the
coal, whieh was tréated, as well as en the process.. 1 I

Products from bituminous coal and woody lignite show high contents ?f
pitch and cxygen compoupds, The neutral ¢ils may De as low as 50%

) The tars from lignites and subbituminous coals often have a low con—
tent of pltch and oxygen compounds from 15 teo- 25%, Some times the contents
of paraffin wax -of such tar may be as high as - 10 to.15p. : N

S Thev ight oils (below 180 C) obtainable.by carbonization run from
8 to 12% ef the tar content 20 can be-obtained by working under several
‘atmosnheres pressure as in the pressure gaslfication prpcess, : ,
Shale Shale oil in general is of a neutral character, sometlmes At has
- 'high content of sulphur, RS

!
!

wlth several methods .of carbonization. e..g,, the LURGI carbonizer
- system, - 1t'1s possible to separate ertain fractions of the oils in the~
condensation plant. The lower boiling oils, 30%, can be separated! free
gf paraffin wax, So ‘that they could be refined very easily.and.cheaply '
in a separate plant, The heavy oil (GO%,of the total production) prefer—
~ably could be hydregenated in a central plant‘connected to.a series of . -
carbonizer plants, or in case of a very high paraffin content 1t could
e refined” fer paraffin wax or cracked to a maximum prodnction.of gasolins
.,and diesel eil, A y , , : - E

¢ In general the h&drogen content of products from bituminous coals
is low, that of products from younger coals and lignite "is higher, * Oils:
- . . hgo



from eil shale may be as high in hydrogen as many natural oils; Such
sh@le olls sometimes are below 0.9 in spec1fic ‘gravity. :

,4

' Ref1n1ng of carbonization products for gasoline and gas - oil can bs

- efficient only with products of a high hydrogen contsnt and a low con-—

*tent of sulphur._ In this -case good quality gasoline with 90 to 95 of

of refining for- benzol

Gas oil of a moderate cetane number, paraffin wax and fuel.oil.&an...
be produced from lighter tars by extractlon methods. By a preyious '
distillation under 10’ to 20 atmospheres pressure the paraffin wax can

“be cracked, resulting in an increased output of gas oil and simplified:
refining. : L o ~ : S -

-

/Heavy tars from coal and tars of ‘a high content f oxygen or su shur:
“should be treated by hydrogenation, because..only with Bhis method 2 - good - .
yield—of gasoline and gas oilpof good quality can be obtalne¢

When‘treating bifuminous coal a direct recovery Opritch fuel oil
‘and crude benzine in the condensing plant can be very economical, esne-
clally when the pltch can be used for briquetting slaok coal.

- Raw benzines from various ‘plants:, i
T Ruhr Up. Silesia Up. Silesia Bohlen  Bohlen
Plant and coal bit. coal bit, coal bit. coal brown coal brown coal
Process - Xrupp-L.” Krupp L.  TLURGI- - ©LURGI-  LURGI-
retort  retort” ' Carbonizer Carbonizer Pressure
— . o S ; ) €381f
Reccvery in % of. tar. cont.v-rwg o sénf>f,,[£fﬁ - : 'lO’ " 18
R (Fischer«Assay) : i ST TR T T
‘Spec. Grgvity Kg/l -_ . .- oO. 765 0.963 . 0,8 © -0.838 - 0.840
' 20 ¢ e B e T -l - '
o Lo L v R ' _ :
Boiling pt. ~ G .. 57 /462 6o B4 56
ta 100,C % 51 52 25 | 18 - "33
vt 15000 % 90.5" * 90 : 82 ' 74 . 87
: '180C % 96.0". 94,5 . = 95 95 - 85
Phenols T -— = 12 R 6 ... 8
Olefins.- 4 Aromatic % - - - e 78 . .85
Octane Number (Res—PD 2 — 8%.4 . = © 90 97
Sulfur % — - 0.13 0.2 . 2.1 - 1.8

o



Tar—oils from Goals (mixed condensates)

P E ben21ne not incl
Plant and Coal Ruhr . Up. 'Silesia Up. Silesia
7 ’ bit. ceal = Dblt. coal :
Lv ' . . S )
Process 'Krupp-Iurgl Iurgi- Continuous
' retort Carboni— -~ Vert. Ret.
Co - - zer. : }
Recovery % of tar cent. 60 R 55 % . 70
- (Flscher Assay)~ o R .
Spec. grgv;ty Ke/l. 1,06 - - 1.02 1.04
206 | - .
. . ' - | - ) .
Non soluble (dust) % y T 0.01 <.O:OI
Phenols { creesote % 18 40 — 30~
Paraffin wax ‘ ﬁ}‘— _— '.'*“—-—=—}7" e
- Ash | % 0.12 B —_
Boiling to 1802C. a4 2 5
. 250 C T 20
3500C e U , 75 ’ ——
Melting point’C - 20 4B + 5.
. i .O ) '- o ) . - ~ ) ) —
_ Viscosity (20 C)59 F 0 . - 15 20
Engler-meth. . . ' o

Bohlen .Bohlen

- ﬁfurtﬁer ZS%LAre;sepafatelyJQBhdenseﬁ as a pitch binder with a melting:

- . o o ' o .
“boint of 65.8.7 . . _ . R

—

_**20%_are recovered as benz1ne separately.
- I .

{

brown Aprown
coal  coal
LURGI- LURGI-
-, Carboni- pres=wi
-zer T Gasif
80 BE **
" 0.948 0.944
. 0.2 -, 0,05
15 .10
14.2 5.7
0.008 0,01
2.3 2.0
- .15.8 © . 25,0
56.3 66.5
£32 f34-
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Qilshale . Autun s Au-tx_in‘_ ‘mulgaria’ ~ - Spain -~ Puertollano Estonia
. . . . * N N . . ) | !

Y i ) 1 ) v i .

Process - , -  Pumpherstone  LURAT-Schweitzer IURGT-Schw. — LURGI-Carb. TURGTLSchw, JURGT-Schw. tunnel-
a SRS S Ca o R . , - | kil

‘ I |x | : ! . Lo L . : , .o . . . . ;
Recoverv %' of Lo RPN e S S . _ o
‘kr cont. (Flsch M . %80 SUATEREI - ORE S 85 - 85 i+ 80 8B 9

» . . L ' B o _

‘Spec. grav1ty kg/l | 0.9 f 0,925 - - 0.905 - 0.892 0,876 0.99 0.946
Melting pt. L C ==t 3R - . - e e
Phenols # creoq{)te : 546"L o 2.2 vy TS5 1 10 . L 142 60 - "_16:;3

]*30111ng t& 18000 - _ 0 -~ L~ - 17,0
Che L 2s00% - - T o | ' '
oo - T,

i

sulfur| % o 06 07 LT 06 i, 0.87 0.8 0.9

e
‘ ,

s -._fcl.fbenzine

v .
ot




B. Prodtius of Hydroizenation

1. Hydrogenation of coal for economic reasons 1s used for~
producing gasoline because other products than gasoline, which .
could not be‘produced‘at”a much‘lower;qpst than gasoline, ¢ ..0%
pay for a direct hydregenation of coal. ' »

_ Gasoline from ccal hydrdgenation is of a high cctane nunivE -
as compared with gaseline from-natural oil . e
' 0

s ' 1 ) ~ boiling 100.C 35-40%
' Gasoline frem Rubr .éoal:s - - " -180 C . 98% . -
(Gelsenb, Scholven) - Gravitxggzooi“‘ 0.745 K/ .
o L ‘ - Oct. Yo, (mot. . a8 - A
T meth,) )

. 2. Tydrogenation of tar may be operated to a hundred per
cent gasoline production or”to moderate hydrogénation wish a
vield @gqﬁO% to 60% gasoline and 50 to 4C% gasoil, 1In a country
with a high production of crude cil, gasoil is available suffl- .
ciently and cheaper from crude-oil refining, A hydrogenation
plant for tar in general will be operated also to producc only
gasoline. - o . » :

1

In general the gascline preduced from tar is sl’.ehtly
lower in its octane number than a gasosine from a coal-hydro-
génation plant.  Products from a heavy coal:tar are better than
those from light lignite tar. " ' S T
.Gasoline from Fydrogenation of Heavy Coal Tar or Pitch
: : Rhuroil-plant: T

' Octane No, Motor Method - 82-84 -~

; S - i
Gasoline “from Lignite tar = 1 -
: “ . . . Lo e ‘. - : i ’ o B .
Brabag-plants{ Boiling lOQgp_ L Boeady
ST _ Octane Noq-yotaf Mchod s e -

With an addition of 0.11% of Tel (5.7 Tetraethyl leal)

the octane numbér could be increased by -8 to 15. ,

i . -In'Gérmany‘the hydrogenagion—plants also prbdﬁced liguid

- gas (C3t&-04 Hydrocﬁrbons),fif”ﬁéiors, This gas was useld instesad

.of garcline for trucks and. busses, and protably vill be important

alse in the future wherever hydrogenation -plants are locntwd near
densely populated districts, ' :

. The -1icuid gas from hydrogenatien plants mostly consists
of Propane and Butane, It amounts to roughly 10% of the gasoline
prodiaction, o R ' : '

Reéeﬁtly a new improved system of hydrogenating’tar oils
~was developed at Leuna, working with a fixed eatalist and 6Cd atm
“pregsure. An increased throughput, a higher efficicney, and a

higher sctane number are claimed feor this ncw methods-which might
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be 1mp;‘gantffor treating tar oilsvfromfiual_and sllshale,

"G,-'ProductS'from-svnthesis of hydrocarbonsh"

- o The primary products of the synthesisa:tetmowherm presiuzonv i
‘cobalt catalist are mostly saturated hydrocarbons,’ The light oilis :r«

a low ectane number, medium oils are of a high cetane number, and the
higher beiling products are paraffin waxes, which may amount to 19 to 30%
of the primary products. For the production ¢f gasoline the mzdium oils
and waxes must be cracked, which ean be done with a good efficiency but
still a low octane number as between 58 and 62, - - : '

t

A better quality gasoline can be produced working under a .

- medium pressure of 10 to 20 atm and recycling part of the gas: In this
case-50% nf the primary products.are benzine containing 50 to 60% olefing.
The octane number of this benzlne 1s increased “to 65 1instead of 50 with )

‘the straight method P [

When working with an iron ‘eatalist under pressure most of.-the
prlmary products. are of an unsaturated character. The higher fraction
can be .converted into good cuality gasoline by cracking or polymerization
with a -high yield - :
‘When a subbituminous coal is used for the. productlon of the
gas the benzine from the gas producer plant with an octane nuaber of ~
'90 to 95 may oftén be sufficient to produce by mlxing with the synthetic
product a. gasoline with 70 octane number., :

i} Tests‘w1th mixtures of synthetic- benzine with a gas benzine
from a pre3sure gas producer showed octane numbers as- follows:

~

Octane No. (Res m.) . . - Octane No.
Primary benzine 100% .44. Ce "Crackbenzine lOQ% 63
o 0 4 106’ 48,5 : _ 90 £ 10%  86.5 -
: ,l SQ% 75 e 50 { 50% £1.0
Gas benzine 1oo o9 e Gas beazine 100% 97.0

The unsaturated 1ow boillng G and C compounds can be conv “ted into
v hlgh octans” number gasoline by polymerizatlon methods ' | -
As a whole the main product of synthesis. for motors is a gasvllne
with 6 to 70 octane number, The gas oll fraction of synthe31s. nh*cn
~has a high cetane number, may be very valuable to increase the cecane
number of carbonization products by mlxing.

The waxes which can be produced by'the Fischer synthesis are o of-a
high melting point as compared with other waxes, Except from a 1% mited
use es%dndustrial waxec, they must be cracked for gasoline.

~ ’



— _¥._ _Chaeracteristic¢s of the various methods from économical and
. _military view ‘points; . . — —

4

,  Except for those cases, where tar oils are produced as by-pro-

 duate, the most important economical figure for: any production of
motor fuels 1is the price of the .coal or shale, or more accurately

~of 1%s content of combustible matter. “The cuality of the raw material
“is less impartant and decides only far the method .of its treatment. -
(f1g. 11) - ' - B -

‘A high content of tar or volatiles. is the second important feature
of a‘fuel with respeét to producing motor fuels. This cohcerns carbon-
jzatien, hydrogenation and the svnthesis of hydrecarbons, because even-

‘for the complete conversion of a coal into.gas the volatiles contrib-
ute substantially to the quantity of easper ton of fuel, without an
adequate cost, The cost of»gag;pfoduction i{s-.nearly proportionate
ta the relation of the fixed carbon %o the. gasified dry coal, T 7

o Coals with a high tar oontent can be hydrogenated with a lower
pressure and a lower consumption of hydrogem.” -

~ a, Dependence on the character ef the cdal,énthhe desired
EroduCts, - . e BRI T B E

: The efficliency of the technical methods, which are available
for the preduction of motor fuels from coal more or less depends--on
certain properties of the coal, ' Carbenization is bound to a high
tar content; hydrogenation of coal wants a low ash content and & high_

content of hydrogen, _—

~ Synthesls of hydrocarbons may be used with any coal which 1Is
suitable for-s—somplete gasification. Even coals with-30% ash (on
"dry;baséﬁwcanwbeugasified efficlently with special methods as adapted
to the .properties of the coal, S L - '

, The general relation betweénﬁé'coal of. a certain content of
ash and volatiles (tar) and the éaaptibili$y~of“the'various’méthods'
of preduction for treatingﬁthislcoal 1s shown on ¥ig, 11: This Fig.
alse shows the principal products which can be produced in each case,

: T If only gasoline 1is requireéd hydrsgenation or synthetic
methods cannot be completely avelded unless.a 1light tar with a low
oxygen and sulfur content sultable for cracking can be produced in
acprimary stage ef. carbonization. - s

- W

- Diesel olls and fuel .olls can'be vnroduced from-youngeg"éoals

_.and oil shale by the simpler and less. expenslve methods of carbonlza-
-fion~and—r§£ining.W;Héazy tars from bikuminous ,coals or tars with a
high sulfur content shoul¢"be'tréatei;b?fhydfbgqpatﬁén. ' i

' b, ” Dependence ffém“other market or industries.
. : XE = e e :

- The prodﬁgtion»of motor fuels depends on no other consumer
if the coal is completely used for the production ¢f motor fuels. This
is the case with direct hydrogenation ef coal and With:thé~synthesisi
of hydrocarbons. It 1s alsg-the. case, 1if high“ash fuels- dre carbonized
or gasified with.an additlonal production.of .power and stsam, consumed
. 96 .



-mos tly in the mine and 1n the productlon of the motor fuels.

I coals of a hlgh content of fixed carbon are tredated by carber.
ization or gasification in order 4o recover tar olls, part of the <o
or 'of the ‘produced gas must be sbld to other consumers, In case oF
low content-of -ash and sulfur and’ good properties of the coal for the
“production of a hard and clesdn coke (Sometimes by briquetting.the coal)
the quantity of mgtor fuels which can be produced in this combination
may be relatively high. . ,

The produotion of-eénergy or of city gas for public supoly may be
other combinations for a-cheap production -~ of motor fuels in case of
treating high volatile coals or lignites. Delivery of gas for public
supply may also be favorably combined with a synthe51s of hydrocarbdns
as & means to increase the heating value of -the gas

In many cases such combinations ‘have been used in Germany qnd have
been found more eoonomical ‘than direct hydrogenatlon and synthesis of
.Vhydrecarbons. : : -

C. Investnent cost per ton of liquid motdr fuel

Based on the cost of manufacture in Germany in 193 the .
various methods of Droduction are compared on'a table, Flgurgs con-
tain the total cost of a plant 1nclud1ng power station and storage
tanks. The capital required for mining is not incladed ' _
‘ This table shows that direct hydrogenation of coal requires
very high investment cost, This cost can be reduced consideraer
if hydrogenation can De comblned w1th carbcnization. '

-
A.Flsher synthesis plant 1f not combined w1th the nroduction

”of by~products also requires a- very high investment,

= =

The 1nyestment cost of a Synthesis'plant can be consi’erably
reduded,” when by-products are recovéred in the gasificatlion process,
At the same time such combination/allows -an important- reduction of the
coal consumption per toh of motor fuels and the motor fuels are con—
. siderably improved reciprocally by mixing synthetic hydrocarbons with
gby~products of ‘the gasifioation.‘ .
: Low costs: of 1nvestment are required 1if carbonization-is con-
neoued with a refinery plant, The products of such method, however, ‘
ars mostly gas-oll and heavy oils. At least the heavy oils should be =
hydrogenated if & sufficlent market for heaV1er oils does not ex1st
Lowest costs of investment are ‘required when ‘a rich oil shale,
. as the Green River oil shale, " {s earbonized and gasified, and the olls,
which are of a low content of sulfur and oxygen. are treated by refin-
ing methods. R , _ - .

a. The*material required for the plants. consist< mostly of man—
- ufactured steel.: The quantity of steel necessary per ton ofoils DET ’.
“annum may roughlv be considered.as proportionate. to. the investment cost,

Speclal alloys and soec1al manuﬁactunang methods are requwred to &
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considerable proportion for hydrogenation plants and synthetic plents
.(high;pressureJ.highgtemperature,corrosion;resistant—eduipment).- Also
speqial.instruments'aré"fequired‘to a considerable extent. 4 conm iAo
able part of the equipment of these plants consist in the power vlant,
aspecially when coal is directly hydrogenated. Carbonization plants
require relatively more tranqport meanS~butﬁvery,litt1e high-gradie m2n-—
-ufapturing.éaRefinery-plants require the usual equipnent for'distilling
piping and tanks, . cLo g ' . .

e,  The améunt 6f laborers required for the erection. of plant may

_also ‘be cofisldercd as proportionateﬁto‘the investment cost, The rela—
tive amount. of special work and skilled laborers is higher with hydro-
genation platnts and- lower with-carbonizer plants. : T :

7 "'The labor rquired'for<the”operaﬁion—o£—tha;plants+;which¥isév
important also for the-investment possibly required for housing and
transportation, is higher in case of hydrogenation of coal, lower with
a synthesis plant and hydrogenation of tar, and lewest-with carboniza-
tion and refining of $ar olls, Exact figures may differ considerably,
however, in.each individual case. ‘ S -

. . £~ The.cosp-of oroduction for the oils is high in case of hydro-

. gendkien of coal and pure synthesis of hydrocarbons, " 0.25 to 0,30 RM

per kg of gasoline or 0,70 to 6.80 RM per gallon were considered as

“Yswal in German plants of this kind.,  They are atrthe same level when
tar is hydrogenated, which was bought at a price of 10O %o- 120 RY per
metric ton. The production cost may be reduced accordingly if the tar
costs less, as‘for,instance, i{n carbonization of a rich 0il shale, or
of & cheap ‘subbituminous coal with a high tar content.  In this case’
the minimum cost may drop to £.50-RM per gallon of gasoline, if hydro-
genation of ‘the héavier oils is uséd- in the production. 0,50 to 0.50
RM per gallon may be r¢ached in a Synthesis plant in the’ most favorabl:
case of a cheap. subbituminoue .coal, which is used for the production
of gas and gasified with a good‘tar.yield}w’. S :

. _ - The production cost of one gallon of gas oil in a hydrogenatiown
plant or a synthesis plant may be lowered compared with gasoline -by not
‘mowe %han -5 to 10%. It can be considerably lowered if tar oils from
oi.. shele and subbituminous poal are treated by refiming methods, ~In
this case a production. cost of lesAté'Ole-RM/per kg or 0.42 to 0.55
RM/gallion was usual for plants 1in Central Germany, under condition bthat
hésvier olls cobuld be sold as. fuel o1l at & price of 80. - 'to 100,-RM
pes -mztric ton. . B L L

L.

g, Minimm size of plgnts

- 2. For the hydrogenation of coal and tar-oils a canacity of
150,000 tons of gasoline_pér]annum was considered as a minimam. ~For
economic reasons (emergency units, investment COst,_cost,of;éupervis—; _
ing.persbnne1)~thisvminimumApapacity cannot be lowered without rapidly
increasing the.prpguction-cost; Tbe-cépécity.,f such plaats in Germany
-was between #57,000 and '1,000,000 tons of gasolinc per Gaw. e largest
plants, Brux and Blechhammet‘with.a‘capacityjofMQGQOOO-;iws gf‘gaSOlihe

and with investmént costs of 500 Mio. RM and 900 Mio RM wv=spectively,
X . . B . Cee . ) ! . . . ) . . .
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covered a SMéfacé: of 8. to 10 km®. 'They probably were the lergést
chemical works in Zurope after the Leuna Works.
~ For a synthesis of hydrocarbons a capacity of 30 %o 50,000 tors
- of gasoline may: be consiiered as the .inimum size for the same reenn:d,
- In case of treating tar by hydrogenation or refining ,the minimuh
size of this plant may be lowerad &n 100,000 t~ 151,000 trns- mer vear,
“an&‘thetcarbnnizer,plants;.which are the deliverrs nf tar can be spread
rn a group of mines, The capaclty nf these delivering dlants nf carbon-—
j{zers or eas-producers is determined Py the volume nf their market for
coke or gas. . . : . T
WSi@iT?f”Eﬁﬁ&ifiﬁﬁgfﬁféfth“be“expeqted~fnr@aAprnductinn‘based on -
~ilshale, -excapt that the eapaclty of a carbonlzer vlant in this case
is not limited by the market for nther wronducts. The shile™slils can be
'tféatéafinﬂa”refinery"or~a~hy&rngenaﬁihn¥plan$TwWhichuisnfaiﬁzé}lx,‘ _
lncated with resmect_to deliverays and conswumers, , 4

. s h.. . liilitary Chesracteristics

_ : . ‘ - ) : b
‘ " Pegm this standpoint the degreé of danger from eir raids, -
which is connected to gach system of pggductinn, is of primary imprrtance

—

“"Bat in casé of war the requirsments nf a certain systen cnncerning
'skilled labor £3r thé srection; the omeration and the repair work nf a
'plant can also be an important feature nf the system, Evsan the amrunt
‘»f the material (steel and special alloye), as well as -the amrunt of
coal nF miners which are kound by the system,. can be important in time
of war. WVnrks like the Brux Works in additinn had recuired military

formations to a conslderable @itentéfor its protectiern,
: , , . S g
The danger of alr raids hed proved very high in case nf the
widely extended plants like Brux and Blechhammer, This danger is
" increased relatively by the fact that g number of different s~ctinns ..
of the entire s¥stem of production, which all ssparntely are essential
fax the nperation of the:work, are concentrated at.one place-and con—
‘nected by a complicated and extended system nf pipelineé erected en.
steal structures or underground and by hunireds nt. uniergrrund cables,:
The demage drne by bombs on these plpﬁlines'and Cabies,'esneciplly.nn-
the wierground pipes for water supply and ¢rainage, may B8 conwicdered
as ¢h. st serious trouble experienced in the German wnrks.,

.. wossibly a.prot?dfion of extended,w6rks against;bﬁmﬁing may become
"st1t,. more diffiéult in a future var, 'due to furkher progress in long ™™
di=tence guided missiles and Tobnt planes. . e

{

The PEEIbIlity nf dividing a-certain capacilty intn alpumber of

,wgmaller works, either & anmpl@tevindependént works of the sAme tyne

(€mall synthesie plants) or by subdividing the total process of pro-
‘duectinn into a.number 6f separately erected works which may be’inter—
chansed as consiumers and deliverdes in case of damages (zroups oI cAP—
bonilzer plants togéther;with“several plantswfor.the”tréatment »f tar) .
allows to decrease -the danger of aﬂ*interruption:nf'the'pnoducﬁioﬁ con-—

_sidérably. i this ciﬁe’the produqtian_is'pgdtéctéd,fh: the fallowing
reasons: : S : - :
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1., S““ller plants can- be camouflaged

2.l Smaller plants cannnt be damaged as easily as big ones.

3. Damages in small plants mostly can be repaired in a short ¥ime,

4; A damage-1ln nne of a number of small plants influenCes the
tntal production very listle, The same damage in a large plant cuts
off a relatively great proportion of the total prbduction.

Tt

5, In case of an interchange of products between a group of works
(carbnnizatlon and refining) the stoppage of one factory can be equal-
dzed for. several months by an overload of the rest of the works . of the
same type or even by the ‘contents of . the normal tank space.' S

the material ‘and .labor required for repair in-existing works, plants—.
_with a low investment cost per ton of motor fuel and with little special.
material and work invested are more favorable.. Carbonization plants and
-refinerlés are superior to hydrogenation plants and plants of syntheéis.-
but refineries cannot satisfy sufficiently a high gasoline demand,-
esPec1ally when based on cnal, A limited- hydrogenation.capaclty for
- ‘heavy tar oils would meet this situatlon without the high demands for
capital and .labor. In time of emergency direct hydrogenation of coal
of synthesis of hydrocarbons hardly can be considered adequate for the
erection.of new plants because in this case the_available skilled
'labor,ﬂszggéal material, and manufacturlng capacity is urgently needed
for the ect supply of the army, :

With regard to theéi;;f§§§>of new works in tlme of war or of -
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development of motors,. power statlons. industrial and technical heatin&

. As “ts preceding chapters have shown, . the produqtlon‘of Zeso—
"line as .the main product from eocal and oll shale is complicated ard
Aexpensive for the requirement of capital as well.as with regard to the
production cost. The production of these plants is relatively h}gply
endangered in time of war, ; Coe

- The production of heavier motor fyels, as diesel oil and
fael oil, from coal and o1l shale-is much simpler and -less cxpensive.
1t is alee msPeefficient with regard to the raw material required per
ton of production, Certain-quantities of motor fuel can .be produccd -
as by-products. of other industriés and are very cheaply produced in -
this case, ZXnormous quantities of heavy liguid hydrocarbons could .
be saved also 1n the refining. of natural oil, if the consumotion of
gasoline could be reduced, at: least temporaril during a war, For
""this reason, it seems very essential to watch” he probable future
development of fuel techniquye and fuel. consumption and pOSS1bly it
might be more important to adapt this development, at least as far as
army equipment is concerned,. t> the speeial conditions given by a
_reduced: production of natural oil and the necess1ty nf producing

llquid fuels from coal. - ER .

..In several European cnuntrles like France and Germany, . ~
even in peacetime, reasons of national ecnnomy and the balance;nf.
trade forced the gnvernment.to .encourage the use nf heavy oils and
" even substitutes like charconal for motors. The fact that the German
" army for their own craft requirements had not adanted this pr1n01pmznrovei
-2 most important failure made by its army staff,. S - .
The . develbpment of diesel engines - for all the heavier vehicles
._required would be the most efficlent sStep to meet a deficlency of
-natural-oil, .The development of combustion turbines (gas turbines)
for air craft .and water transport,. which has been started in U.S.A.

‘and in Burope, even would allow utilizatirn of fractinns heavier than
gas o1l for motnrs, It would also allow considerable reductlon of
.1nss in the refining nf tar nile - _ ~J__” st L e

—_—

. mhere is no doubt that the market: slnwly will becnme more
favorable $0. praducts from coal and that- this development should be.
part of a Hatinnal and internatlonalepnlicy with resnect tm a. saving
of natural nil, :

Experience in Germany prnved that cnn51derable quant1%1es

of 0ils can be produced cheaply in connection with industrial use of:
coal., Production of power and gas for industrial heating .and chemical
synthesis can easily be—cnmbined. with the productisn of oils when a
high volatile coal is used, In case of a lack of natural oils this
- combination becomés automatically attractive by an increased“price

for the by~producte It has been: stimulated by hany Eurnpean govern-
-ments, An increasing demand of energy and ges for heating purpose
instead of coal caused by the.progress of manufacturing methods and
_social requirements will favor mozre and more such’ nlants in- the future.
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. In’ Germanv in 'several: power stations pulverized flring of the -
boilers with coke from carbonization plants has been adovted. The
develnpment of a gas .turbine of a high efficiency, which is exnec*ed
within a few years, wduld encnurage cnnsiderablv the productinn of
tar oils in eombination with pnwer stations, For the combustion in
a gas. turbine the gas could be prnduced under a pressure of 20 atm.

. The factory which prnduces gas and oils could be placed: cutside
the town, the gas: being conducted by a pipeline to the power house
and burned and-expanded without further compression, A very high »
efficiency of pewer production has been expected from this new method
in Germany.,. Even a tramsport of gas in pipelines for power produc- .
tion instead of transporting coal and electric energy might be an
economical solution for a number of private and gnvernmental local
and national problems in that case, where cheap nnn-caking cnals
of a_high tar content ocan be used whmch oould not be transported
to the distrlct of cnnsumers.

The actual consumption of gas in small- manufaﬂturing industries
as well as for domestic heating also might increase constantly due
to economical advantages and technical and social progress, The con-
.sumption can be combined with a. 00nsiderable productiqn of oils and
gasnline as by-products, . In addition, a considerable amount of car-
'buretlng 0il could: be deet by adapting such a method of profuction
_instead of producing -carburetted water gas,
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ViI;f Aptltude of the Various lethods of Production for U S.A.
Conditions. :L _ _ o S
It 1s of great iqtereqt tn analyze briefly the- actual
~production and consumption of. ‘motor fuels in the U.S.A. :

At present natural~oil is the nrarly exclueive resource:s

" for motor fuel. A small amount of ga%oline nnly is produced by -
catalytlc methods from natural gas and by scrubbing Hf coke-oven:gas.
The most 1moortant method of treating_crude-oil 1s the cracklng by
heat under: pressure. This method 1is dictated by the enormous enn—~ .
“sumptinn of gasoline for street vehicles. The efficiency of the crack-
ing method is essential -for the relation between the consumntlon of
motor fuel and- the quantity of crude’ oil Wthh hasi been rcquired for
its production )

- In connection with con51der1ng the actual or future Nneces—

' 31ty of replacing motor fuels from natural-oil by products from nther
resources, the fundsmental problem which must be raised is:. how card
"the ratio between motor fuel and crude. 011 required be improved? ‘

) An’ 1mprovement of 10% as an example for the U.S.A. alﬂnc
would save_more crude-oil than. that quantity which has been replaced
by coal products with an enormous investment of capital—ana material
in all the countries of “the world together, ° The recent development
"of "the catalytic polymeriz.tlon of olefins has been of a 51m11ar .
effect. ..{

Annther way to this aim. aof saving crude "nil is to replace
part of the gasnline consuming motors Dby such motors which work with
heavier oils or other hydrocarbons available fron natural gas .and

0il refining. It is true that at present there is no econoaic reesnn
for a private owner of 'a motor to change to another fuel than gasoline,
but in the moment when certain” quantities of motor fuels must be pro-.
.duced from chal to satisfy the market, the price . of gas-line has to.
be increased cnnsiderably and a reduced consumption of gdSﬂllnc becnmes
an impor+ant factor of private and national economy. |

. S Substitutee for gasoline, whether of that kind which can
be produced w1th a higher ‘output from crude nil or such as can be
cheaply prodﬁEed“from“cher raw~mater1als, have - therefore been an
1mp0rtant item in the fuel policy of other. countries.wm

: Diesel engines for tractors,’ heavv trucks, and for the
long distance merchindise transport, the use of llquid gas (C % C4)
for local transport 1nclud1ng buses, have proved very satisfacbory
in Burope. e A .
.. The use of producer-gas for vehicles, which has been so -
~much subsidized by the European Governments and .thhroughly investi- -
gated with various fuels and equloment, cannot be cnnsidercd as a
~solution of ‘the problem,-exCept for-medium Size water-vehicles, where
the weight and the space required for the equipment.are not so 1moor—'
tant as oma street vehicle. For the American living standard and
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~labor ¢ost not the least Chance-of_a-SuccaéS'can be given.tn this -

kind ¢f motoring.

Another method to sdve crude oil or at'a later date the cns~m
capital required for synthesis plants 1s to.reduce’ the consumptinn
of gas 01l and fuel oil, which are used tnday for heatins purpose
in traffic, industry and household including the production of city
gas. -Most of -these consumers could easily change ‘to’ cnal or gas and

-electrical energy vroduced--exclusively from coal. Enormnous gquantities

‘of raw material-can be saved in this way, which tan be converted "intn

-moter fuels even by hydrogenation. much easier and cheaper tran coal.

Intercsts of mnational economy must lead in this direction sooner or
.later-and the unavoidable'incnease_of price of motor fuels will snon
procure cooperation_of the-cgnsumersifwhen-the-oil resources will

become scarce. i

o FT

By-products of gasification (tar) must be considered in the same
line as far as gasification of coal for industrial heating and the
‘production of ‘electric energy and city gas proceeds with the lack of
liquid fuel and the progréss of technical methods (gas turbine),-

. Only when this means of saving natural oil-are exhausted it
becomes unavoidable ta synthesiwe gasoline from enal, which if
‘required for a big proportisn »f the actual gasnline-consumption
would influence the living standard not only by .an increased cost
of motoring but_also by. absorbing a great deal of labnrers ;n_coal

mining and chemical industry, - _ . _

It may be taken as rather safe that ¢hen the wrincipal éanSumérs
'0f liquid fuels will be the following groups :
1.. Hizh octane gasoline for air planes.
2. Gasnline fonfirivate.cgrsiand light trucks, -

[P S

: 3. :bieéé1*611>ahd"liﬁuid”gas fcs%mcé).foriﬁgses. trucks,

‘g 'tractors, and—medium water vehicles, R

'f4,‘ Heavy oile (bunker 6il) for oversea and long distance
- _water transport. = ( PR C

It .should be remarked‘thdtfteqhnical prograss of motor construction

(gas turbine, jet motor) .can possibdy help to reduce. the future con-
sumption of light high®quality -gasoline In favor of a higcher demand

.of medium and heavy oils,.

1.#3-U;~S._A,hrééourcés of coal and oil-shnle gpd their -suit-
ability for the production nof liquid fuels,

; . There can be no doubt that the U.S.A., and still morre. the
North American continent, own resources of ollshale and cnal, which
contain *0il for thousand years to come angﬁphgt,jheéqapbanCOntent
of the available coal resources, if cenverted into - 0il, will last’
_for a"SimiIa',r period. - ’ — oo e -
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There are. enormous deposits of high grade coal in the eastexn
states of the U.S.A, All kinds of coal are available, from anthraci*
to low volatile and high volatile bituminous conal, and as can be sear
from the former chapters, for each kind of thesec coals a suitable
method is avallable for the production of liquid fuels, ‘

: There are still greater depnsits of subﬁituminous.cnalwand .
1ignite in the central and Rocky Mountain reglon of the U.S.A, and
-Canada. : : ‘ , S

P

\ ‘rom the technical standpoint all these coals are equally sui$~
“able-for the production of motor fuels by-one or several of the three -
' principal methods of processing: ' '

-

lfl‘Garbonizatibn (vy prod.fgasif.).
2. Hydrogenation of tar and coal,

3,. SynthHesis of H&drocarbons;

s
- 7

Water content, ash-content and 1ts fuslon polnt, sulfur conntent,
volatiles and caking properties are practically no.restrictions for.
the production of motor fuels from a coal, They aré lmportant only
in deciding for the cne or the other method of proceseing and for the
special equipment and process to be used for the carwonlzation or
gasification of this variety of“coil,’ o

.Low mining cost per ton must be considered By far as the most
lmportant feature of any project, and a high content of hydrogen has
proved .as the second important point, especially when a considerabie
part of the fixed carbon can be utilized for the preductlon of coke
or gas for indﬁstrial,gn&W¢pme§fic consumption. : )

But even for an exglusiveiproduction.Qf;llquigquéls;by hydro-
genation or synthesis, the greatest part of the coal consuméd Is used
for the production of-:zas_and energy and offers a means of producing

a-considerable amount of the total production- of liquid fuels as
cheap By-products in.case of a high volatile raw material.

_ 'Excgpt‘from‘carbonization plants, which are bound to a densely :
populated industrial region, as a consumer of enke Oor gas or energy,
the erection ef plants for hydrogenation or synthesis 1s practically
- unrestricted in thelr lacation, Both methods requiring from 5 to 8
tone of coal per ton of gasoline production (according to the grade
and the nil content of the coal) it is ob¥inus that the cost of the
coal_1is most ilmportent for the oroductinn cost of gasoline, It 1s
also easily undcrsstond that such plants should be erected within coal
fields which allow cheap open—pit.minimg, -~Presumed- that one kg of ..
- gasoline requires 35;00C%kedl of coal, the influence of the miming™ -
‘cost may be seen from the following table:- ' ‘
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Goal = = ‘“fal. Value Cost of Goal  Cost. of Coal Gost of Coal

of coal, per metr ton " per ton of pér gallon

S © B o gasoline $ ~ Cts
Coal (undergr) - 7000 | 7.00.. " 35,00 © 10.6

Coal (open pit) 6500 - 3.00 co- 16,20 aye
Subbit. coal 5200 1,50 - 10,01° . .05
(open pit) : 1.00 e 6.67 2,02
Lignite B 3900  © 1.80 | 13,5 4.09
- | 9.6 . 2.73

(open pit) " 1,00

{ . o ‘ R —

As compared with a total production cost of approximately 30 _

- "to 40 cts per gallon of gasoline from coal by both thé*ﬂy&rogenation and the
. Synthesis.method, the cost of coal 4s very essential,- .

O — b

Cheap open pit mining is Pessible in some eastern coal fields, It
1s possible on an unlimited scale under very favorable conditions in the.
...... fields of subbituminous.coal of Wyoming and Montana and in the lignite fields
of North Dakota and Texas, ' e : o -

Carbonizatien #nd by-product gasification is important in connection
with hydregenation and synthesis plants in these same flelds, A1l these
subbituminous ccals and lignites are very suitable for carbonization and
by-product gasification by cheap methods, ZFor the only purpose of producing
coke or gas for a long distance supply, under present conditions these cheap
coals are located too far from the consumers, Some non~caking ‘¢oals from
the eastern fields could be used in this way in-order to replace carburetting

01l and natural gas, probably'iﬁ;oomﬁinaﬁioﬁﬂwith‘a.synthesis4Gf hydrocarbons
as-far as a regulation of the heating value of the gas is required, ‘

- The productidn of energy, which has s¢ successfully been combined with
the production of gasoline in Germany in the lignite fields, is based in the
~UsS.A. nearly exclusively on bituminous coal, In this ecase the technical
conditions are- less favorable to a recovery of by-vroducts, With the develop- -
ment of a gas turbine for power stations possibly the power stations could
produce tar in a big scale as a by-product of gasification, . :

-~ The deposits of oillshale in Golorado and Wyoming, with an o1l content
of several hundred billion tons as compared with the 20 billicn tons of
known o1l resources of the world, must be considered as the most important
Tesource of motor fuels for the fufure, L '

e S i

ey — T enGa— T i

o iigg_oil content, the miniﬁé(conditions. and "the physical and chemical
properties of this shalé are very favorable to a cheap processing and a low
production cost, Thew;abqrershrequired for the production.of oils are
rélatively very low as compared with other methods operated with coal, For
‘these reasond the production of -oils from oilshale for a long time probably:
will be the most economical way to produce motor fuels from carbonaceous.

minerals,
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-~ A high grade-oil can-be-produced: to~a~practlcally -unlimited -
extent at a price of ‘20 to 30 dollars per metric ton (price-level
1940 to 1945),. Calculations as-well as.the experience in Burope

show clearly that hydrogenation of coal and synthesis of hydrocr.rtons
‘cannot: compéte on thie base -even if part of the shaleoll is refined
by hydrogenation, ‘and even .a'.synthesis based on natural gas probably
cannot -be operated with a lower production cost,

If the orude oil” is refined to gasoline, gasoll and bunkeroil,
only by simple methods - of distillation and extraction which seems
adequate to a big extent;.the production cost in the oilshale field
is considerably lower tham with any other method: starting from coal.
It muast be reminded, however, that-under normal- conditions the oil "~
shale - field is too. far ‘from.the coast, and that therefore sooner or

probably by hydrogenation n methods. .

.B. PosS1b11itv of applicatlon and Special advantageﬂ of the
various Methods of producing,motor fuels from coal '

‘ | a, Carbonizatlon and By»productfgasiflcatlon of coal and
oil shale. . . B , mm—

: _.This method is the only method available for' the utiliza-
tion of the gil shale. Its application sesms te be unlimited as to
the resources of raw material and -the quality and market nf. ~il shale
‘products, The prnduction cost of thig process i1s relatively low as
Jcompared with-other methods, No.doubt #n industry based on this
-method in the green-river fileld w111 produce an important part of the
motor fuels in a later period,’ . , - :

11..-- =FA

. In connection with coal;conditicons in USA are different from
those in Germany, whére' 1nw~grade but high volatile non-caking’ ‘
. bituminous coals and lignites’ are located near densely populated
‘centers of consumption, Most of these coals need some processing
like drylng and briqueting to "suit the market They- can be.-gasified
and.carbonized with cheap methods and coke and gas find a ready market
replacing the low grade ray coal ‘

In USA only highwgrade/bituminous coals, which are mostly caking.
are 1ocated néar the centers of populations and industry, . These coals
are .less faworable to gas1ficat10n and carbnnlzatlon for various

reasonsy ~

I, ) The relatxon of by-products to fixed carbqn or heating .
value is less favqrable than with the younger coals. .

"
—_—

2,) The-technical methods of treating caking cnals are less
_efficdient and more expensive than -those- used for non~cak1ng coalo.

‘So carbonlzation and byuprnduct gasiflcatlon nf coal probablv
will not become an important factor in the eastern states. - They
may ‘have some chanoe at & later date,. when nataral gas and carburetted

water gas should require - new. resources, .or the productlon_gi electric
energy shonldﬁohange_to,gas~turb1nes, Carbnnlzatlon may also have a
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field of‘appliCatioﬁffbffﬁﬁéfbfé&ﬁétion of &' hilgh grade cpke from
high,volatile_coal by briqueting coal slggg and carboﬂiiatioanf'
these briquetts in a shaft carbonizer, In districts in which, low
volatile caking coal 1e not available, ' , S -

Carbonization and7byfproduct—gasificatioﬁ“can'Eélgﬁed'for high

'vplatile non-caking coals according to the market for gas and coke
'“in'many,central-and western filelds, - o - -

It will be important. in connection with Synthesis and hydrogena-
tion plants. Presumlng that only 10 million tons pér vear of motor
fuels are produced at a later date by thess methods and -that for eco—
_nomical reasons (low mining cos#%) the plants are located in the lignite
and sub-bituminous coal regions there will be required from 80 to 100
million ton of coal in these plants whiech can deliver another 5 to &
million tons of by-products at a very low cost of production,

b. Hydrogenation of tar and coal, “35 : ' o :

T Hydrogenation as a method of refining of residues from natural
0il: Bnd ‘shale o4l and of tar seems to be very important as. long as the
consumption of gasoline prevails in motoring and the demand cannot be -
satisfied with the avallable crude and the refining methods used at
gresent. : ) . o "

Plapts for the hydrogenation of heewy oils probably will be
used at-a conslderable extent for products from 01l shale and by—-

products from coal, ‘ ‘ ;e

Hydrogenation of coal, the method of highest investment cost
and also a, very Kigh pfoduction cost, at a later date may not be-
dispensed with in case of a high demand of gasoline but in USA more.
than in other countries:the high abor cost for the erection and the
operation: of -such plants probably will show other methods move eco—

' nomical, than direct hydrogenation of coal. Hydrogenation of coal -

is preferably sultable for the treatment of the high volatile caking
" coals, “WHich are difficult to 'be treated with other methods,
I B : - ' _ : _

~

" c. Synthesis of hydrocarboms. = -

. This method requires‘enormouS"quagtities of hydrogen-carbon -
monoxide -gas. - Its economy therefore depends on low production cost
of such gas. No doubt it has: an enormous field of application for
the conversion of natural gas into gasoline and there ean be no doubt
that in this case ‘the -gasoline can be produced cheaper than with the
same or any other method starting from'coal, Synthesis plants based .
on natural gas could produce & considerable quantity of "gasoline and
diesel oil, At -2 later date even'certain quantities of ‘natural gas,
which are ised for ‘heating purpose .now, should be replaced by gas
from coal because natural gas will be more valuable as a resource
for gasoline, . - ] : :

_,Synthesis.offhyﬂrpcdfbons from coal, must be more expensiye’
than in case of natural gas.. From & technical standpoint 1t can be
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used for any coal, even for the many cheap. high ash and low vola®ile
‘coals, which are unsuitable for hydrogenation,  The production cost
.of a synthesis plant .contrary to the hydrogenation proeess highly
varies with the quality, the tar content, and the price of the coal,
so that in many cases, especially with some sub-bituminou® coals the
synthesis process is considerably more economical than hydrogemation
and the synthesis process probably will be used at a later date to

a considerable extent for the production of_ggsoline'énd.diesel oil
from coal. . o : : o , :

- Attempt of a prognostication of the development of production.of
motor ‘fuels in USA. R - o -

- Though many_ of thé statements taken in- this paper require
thorough investigation of the basic USA conditions, certain facts
.of the experience of European countries will be gqually practicable
for the USA, at least, when the supply “of natural oll becomes insuf-
ficient. A prognosiic pileture of the possible development, even 1§
& source qf much critics and restrictions should help to understand
the,stateméhts of this paper and facilitate their criticlzing exam-
ination. T ' i o ‘ .

; The necessity of saving natural oil or utilizing coal and oil
-shale for the production of motor.fuels not only depends on the
exhausting of the actual oil resources but also on the possibilities

.- that somé_of_the'foreign'resources'might'not prove ‘reliable enough
for political and economlical reasons and -that an lncreasing consump-—
tion in other countries might decrease the shipments from abroad.

The fact that the adaptation of the motors and the production
of motor,fuels from otHer. resourees than natural oil requires an
'~ enormous investment and consequently & great proportion of the manu-
facturing capacity for many years, if enforced by a lack of natural
011, should be another reasor to reduce the consumption of natural
01l at an earlier date and to direct.the concerned industries accomd-
ing to guide principles taken from a correct prognose.

. The end point of the development that is a nearby exclusive
productisn from coal and oll shale seeme rather elear, 1f motering
‘does not change to another energy than liquid fuels. This end point
has been practiced: in Burope, It facllitates considerably the fol-
lowing prognose of the development in USA.
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I. Pefiode

b

.c)'

e
ey

II. Period

.

X

c)

a§

St oil”shale

2

Addis.s

- Production
Production of more ‘gesQline
gasoline from natural gas '
(Synthesis)

Bydrogenation of crude- gasdline
residues and of tar o
Diesel motor for heavy o L
vehicles (trucks buses)
Carbonizationfgasific,;‘- . gaseline'

¢ as oill -

" bunker oilu

More coal, coke and “ . ‘gasoline
“gas from coal for heating ~gas oll
(byrproducts) ‘
. Gas from coal instead gasoline'
of nat. gas (by~products) . gas oil
(synthesis of gasoline) '
Carbonizatioh—gasif.p -gasoline
of o1l shale gas oll
' ) bunker oil.
Synthesis of Hydro— _ gas&iine.w
carbons. gas oll
(by—products gasific). ' R
-Hydrogenation, of

S gasoline
tar and coal . e S
(by-product wgasific)’

,Saiinguﬁﬁﬁ

gasoline

fuel oil
ecarburett.
0il

fuel oil

Some‘medium investment figures as an indiqator for the requlrements
of material labor ‘and erection time may illustrate the above table-

Motor fuel

Production method

InvesﬁmentAcost'e

- per met. ten/year
Synthesis from nat. gas . 200-250
- Hydrogen, of oil-residues & tar 200-250
Gasoline Synthe51s from coal 350~-400%*
‘ Hydrogen. of coal . - 457-500* - .
. _ Barboniz, -of oll shale ' 180-220*
: and refining ,
‘Diesel oil " By-prnducts from coal 130-160
— T and refining - .
_ Synthesis, from conal 320-360*
E o Carboniz. ~f nil shal® _ , 150-180%* .
Bunker oil and refining - o o -
: : " By-praducts and refining 100-130,
=
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*based on price-level 1940-45.and including opening nf the mine.

- The first period may be characterized as the perind of changing part:
of the consumptinn from gasnline and oils suitable fnr the production of
"gasoline to lower grade heavier olls-or to cnal and of increasing the
recovery of gasoline .from natural oil and natural gas. The second perind
is that of .gradually replacing gasnline, gas o0ll gnd bunker oil from
natural oil by products from the carbonization of nil shale,the hydrngena-
—tion of coal and the synthesls of hydrocarbons from cnal,
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 PRODUCTION OF MOToé FUELS

FROM COAL, LIGNITE AND OIL‘SHALE
Comparlson of various methods on German condltlons (1939)

| , ) N
RAW MA(TERIAL o a. Coal (11gnite) | 10% tar) 10% moisture © 89 ash
oo ? bs Coal. (Tignite) =~ - 144 tar)Fischer 10% " | 8%. LI
“‘7 - ce bil Shale ‘T L 16% tar) Assay 34 L | AN
. Lo i J . o ': ' Lo ‘:} L ‘ .
Type & Minimum S Investment . Investment Cost 'Coal Consumption  Coke for -
Size of Factory . cost = - . . per ton ‘0il/year per -ten eil incl, marked.
- products - I glne.not incle ¢ RM/to/year energy & steam ‘Consumpt
metr. to/year [ Mill, RM o L ta/te . . of factory
i T : deducted
' "bo/;,fe‘a’r :
‘L HYDROGENATION OF COAL J.- G. ~ Bergius | -
oo 150,00 Goctine 125 a0 0 (a) SECRCL BRI
b 150, 0 v cloqus) 80 (70) 538 (546) i
LY % ( -,-) = 50% of products are d1esel 0115 | L ’
2 CARBONIZATION OF COAL AND HYDROGENATION OF TAR |
3 150 ooo Gasnme o) 500 (480) 14,8 (14+6) . . 1,100,000
b 150 000 Gasoline Lo (e8) 470 (450) 10,6 (10.4) ' ?640_,000
¢i 150,000 Gascline 65 (62) h 440 (420) - 727 4 Lk bo coal-
: ) ; . ! [? . '. , ’ (1 2) '
3v FISCHER-SYNTHESIS (Atme pressﬁre)'no by4products;~.h
. . ‘_‘ ’ _S X N '
30,000 Gasoline e o 00 6yl
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e

Type & Minimum . Investment ‘Investment Cost
Size of Factory ~ cost - per ton oil/year
" products Mine not incl. . RM/to/year
metr. to/year Mill, RM R
FISCHERrSHNTHESIS (Medlum pressure Lurg1 - system ) By products |
4 50,000 (39,000 Casoline o ”
( 6,500, Diesel 01l - RT 540
(4, 500 Fuel 0il Lo o
b, 56 000 (41,000 Gasollne L :
- £9,000 Diesel 0i1 . 29 . - 520
(6 000 Fuel 011 :5-, ' | :
54 ’ CARBOND(ATION OF COAL (lurgg.-Carb.) ' REFINERY PLANT
. . I : . .. '
Lay 100 OOO ( ' L }-lj 4R o 420
b, 100,000 (10,000 Gasoline | : y
c (40,000 Diesel 0i1 | , 135 . 30
(50,000 Fuel 0il  ‘f ! : S ,
T - ! N x".‘ ) B | . .
e 100,000 ( 32 0
b ‘ CARBONIZATION~GASIFTCATION OF OIL SHALE (Huboven) REFTNERY PLANT :
¢, 100,000 (10,000 Gasoline | '

" (40,000 Diesel 0i1 ' 128 280
_ (50,000 Fuel 0il |

- 1S

_ .~ Coal Congumption
~ per ton oil incl,

energy & |steam
‘to/to

844

7.3

748

- of fac

680,000 -

Coke for
market
C(hﬁumpt-
tory
deductied

to/year

420,000




,Base of Calculatlons

L. Hydrogenatlon of coal

Goal for Hydrogenatlonf' 1 66 kg net coal = 2,0 kg Raw Coal /kg |gasoline
H2.Cohsumption o 2 500 Nm3/to gasollne ‘ . |

3 . . I /
H2‘Redoveryi” . } 1 050 Nm3/ to raw coal (Winkler prod. ) :

2.1  Carboniza%ibn of ceal and Hydrogenation of tar

‘Recovery of tar - . - ﬁf. 90% of Figc@ér Assay
| Taffc%hsuﬁption_ >. | } J 1.33 Kg t%%/kg gasoline;
S » : ‘
¢ H Consumption o o | ;_ 1 600 Nm3/kg gasollne
Hp %Lcovery | 4 ;-_ N | 40 Nm3 kg of coke breeze (Winkler)
3¢ Fiscgfz ' Synthesis (AZm. pressure) | |
Récsveryibf prlmary prod - ;}Eg_gr/nt‘Of (No 4 OO)% '
Fing shed products 90% of 130 gr = 117 gr/omd of (Ha # C0)

l

(Hy| % co) Recovery 1 500 nm3/ to coal (70% eff. of produ%er)

. o
*

clud;.Propg4
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4.1 Fischer synthesis (Medium pressure) Byhproducts (Lurgl-system)

L

Recovery of prlmary prod. | o *f .15 gr/nm3 of (H2 £co) |
B Finlshed prode R | | i 90% of 155 gr '139.5 gr/nt Oﬁ (Ho # €0)
Eh_Recovery of tar and benzine B | 80% of Fischer assay (with 20% benz1ne)
EfflClency of reflnlng . ;:‘ 90% qf tar (60%.D1¢se1 0il # 40% fuel 011).
De . ﬁ@flnlng of tar and ben21ne with solvents’ | 7 ;é,

95% of‘tar : i {
. (10% gasollne £ 40% DleSPl\Oil 50% Euei 011)

o

b . Recovery of :
"f finished prod, ”, E

t

e Carbonlzatlon-Ga31f1cation of 0il Shale (Hnboven)
: : ’ w1th Refinlng qf tar { _ ; _ o

Recovery of tar L '1 : o 85% of Fischer assay .

|
1
. . i‘
Effic1ency of‘refining~:- | 95% (10% gasollne 4.40% Diesel % 50% Fﬁe}'cgl)



Fl‘q 9_ II
Cost @ffynﬁ:e:ri-ﬁa;s S
Gasification under ;@
20 a!'m./';rc.s‘;vfe‘ 7 q_z!' A
Fvel; subbit coal A
- 20°%, morsture J ‘,e.’/f
129, tar /4&,
b cal.veal. Soookeal I ot
per Kg RO ¢ of Sav
/ 0\& Coﬁ( Pq‘ﬂ

; Interest
andAmortisatiod

Costofcaal 5 10 Rm/f;
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