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8. Description of the T.T.H.'Process.(cont'd.)

end the olefines polymerized tc make lubricating olls.

A complete report of the operation of the T.T.H. pro-
cess including actusl ylelds for 1944 at the Zeitz plant
was cbtained, end further information on the grocess, if
desired, may be obtained from this document. (27)

9., . Descriotion of Fott-Broche Progess.

Although this method for treating coal was more like
a solvent extraction than a hydrogenation, however, its
similarity in operating conditions and its use in ccnjunc.
tion with cozl hydrogenation plants makes this report the
logical place for presentation. Eriefly, the theory of the
operation wss to contact finely ground coal with 2 sultable
solvent at a temperature and pressure high enough to dis-
solve a major nortion of the coal. The untreated coal anc
ash were ramoved by filtration znd the solvent recovered by
distilletion lesving = high molecular weight coal edtract
which could te fed to a coal hydrogenation plant to produce
fuels.

~ In 1927 research work on the commercial application of
solvent extraction to bituminous coals wae started by Drs.
pott and Broche. The work nrogressed slowly, but by 1934
it had reached the noint where it was deeried advisable to
tuild a piiot plant for festing the process on & larger
scale. In 1936 the Luhrol A.G. constructed the first com-
mercial unit with a capacity of 26,000 tous per year of
bituminous coal extract. On account of difficulties and
peculiarities in the process, which will he discussed
later, this wzs the only plant built and operated in Germany
for coal extraction.

The feed material was Ruhr bituminous coal which had

2 moisture content of 5-10 percent end an ash content of
5-7 pcreent. On a dry, ash-free bagis the coal contained
86.7 nercent carbon, 5.1 percent hydrogen, 1.2 vercent
sulfur, 1.6 percent nitrogen, and 5.4 percent oxygen. The
volatile matter content averzged 27-28 percent, which wes...
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9.  Description of Pott-Broche Process {cont'd.)

markedly lower than the 38 percent abtoined from bituminous
coals used in neerby hydrogenation nlants. The coal wes
aried to 2.5 to 1.0 percent moisture content, andé then
ground in ball mills co thet 95 percent wes finer then 100
mesh, and about 65 percent wag finer than 250 mesh. Qee
drewing no. 2 for process flows.

: The coal was next mized at about 907C with twice its
weight of colvent in large steam~-heated, agitated tenks.
The solvent originzlly used wes a mixture of 80 percent
tetrelin end 20 percent cresols, while the mewer operation
wes to use o sump phase middle oil which wes rich in these
reteriels, After the cozl had been thoroughly susnended
in the oll, the peste was numped to the exiraction ENDEra-
tus. This consisted of 2 prehezter and an extraction sce-
tion mounted in e single furnsca. 4 gas-fired furnzec
similar in construction only larger, then these employed as
preaneaters in the coal hydrogenation plante, was used to
heat 13 heiroin tubes anproximately 15 meters long. The
first 24 tubes were finned exactly like the hydrogenztion
vlent prehezter tubes and served 4o bring the materials up
to reaction temperature. The last 24 tutes, which were
slightly emsller, did not have fins and these served as
the extraction chamber.  £11 of the tubes were connected
in series with the nreheat section forming &« circle around
the outside of the reaction section. The rest of the con-
struction wse stendard practice such as the use of hot re-
cycle flue gas bhlowers snd lens ring joint connections be-
tween "I hends. :

The average through-put of the wnit was 16 tons Der
Lour of which 4.3 tons was coal. The temparature &t which
the solution of the cosl cccurred rapldly wags ebout AR0D-
4309C and the vressure 100 to 150 atwospheres. 8ince this
procass was operated without the addition of gassous
hydrogen, the moximum temnerature wee lowsr them that em-
ployed in coal hydrogenation plantz: the opuzrating condi-
tions heing a2 compromise between rate of resction end cok-
ing of the conten®s. After one hour contant time in the
titbes, zbout 75 percent of the ash-free conl vas dissolved
in the solvent, the residue congisting of rafractory
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(This drowing has ‘becn inserted in an envelope
cttached ot the end of this report)

—67-



9. e€sceription

28 Lo 0

f.

bitumens ang fuszin,

The theory of the action of the £olvent was  thet inder
the inflivence of heet and catslyzed by the tresols, the
cosl weg ‘epolymerized., 'he four loosely—bound-hydrogcn
a2tons in the tetralin were avallable to stabilize the ge-
composition products 8nd prevent then from repolymerizing
ints higher molecular welght cokes, The'tetralin, therefore,
acted as a dopap of hydrogen: or stated in another wey, the
use of tetrszlin orovided & mesns of introdueing hydrogen in-
to the system without the use of gaseous meterials, ~aph-
thene and naraffin tyne compounds, such as dacelin or '
decane, were entirely unsuited gincg the hydrogen atoms
wWere 100 tightly boung to be available for hydrogenating
'the-deploymerized coal substances,

In the original process the tetralin would be necrl
all converted to naphthalene during the rezction, and con-
Sequently it was necesssary tc uce snother step to hydro-
genete the nephthalene back to tetrelin before 1t coyld be
usad again ir the extraction. fThe newer nractice took ag-
vantage of the proxinity of the ac jacent pitech hydrogena-
tion plant ang the fact that the sump shase middle o3l conw
tsined a large percentega of pertially hydrogenated aroma-
tics as well ag phenolies, Therefore, it wag possible to
substitute S ohese middle oil for the tetralin-cresol
mixture, and this simplify speration, The recovered solvent
was then vrocessed in the gas nhage hydrogenztion unit, and
interestingly tnough the octane rating of the gasoline was
reigsed. The exact cause for the latter efect was not
known, but it &ppeared to he comnected with an increased
arometice content,

The =lurry of cosl solution end soligs after'leaving
the reaction chanber wag filtered to rerove the solids.
Threc ceramie cartridge filterg conteining ahont 35 elements
€ach were employed to filter the slurry =t 15000 and eix
2tmospheres differential bressure. The filter medium was
& poraus stone annulap ring, about 125 by 80 millimeters
in diemeter by 33 millimeters thick, Approxinmtely 60 of
these werpe mourted on tubes, end =o arrenged in the filter
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9. Description of Poti-Proche Process (cort'a.)

that the oil passed through the stone into the inner hollow
section and waes then collected in filtrate tanks. The
solids were collected on the outside of the ceramic cart-
ridge, and after about 13 tons of slurry had been filtered,
the cake was discharged by carbon dioxide introduced inside
of the element. The Tilters worked reasonatly well, and
about 4000 baztches could be hendled before the mediums
became so dirpy that they had to be replaced.

The esh and solid free solution wes next vacuum dis-
tilled 2t 50 to 100 willimeters too recover the solvent.
The residue, which amounted to 3.7 tons per hour, was a2 high
molecular weight material that resembled asphalt in eppear-
ance. It hed a melting point of about 2009 C. &nd & volatile
matier content of 40-42 percent. The ultimate enalysis of
the extract everaged 89.2 percent cerbon, 5.3 percent hydro-
gen, 1.5 percent nitrogen, 1.1 percent sulfur, and 2.9 ner-
cent oxygen, while the ash content was reducsd to about
V.05 vercent. This extrect was the nrimery oroduct of the
srocecs, end it wes further trected ac well be deseribed
later.

The heaas fraction frem the vecuum distillation was
2gzin distilled et atmosgheric rressure to give recyele sol-
vent with an F.P. of 220°C, and & residue th:t was sent to
the sump ohase for hydrogeration. Part of tie sulvent re-
covered wes sent to the gas phase hydrogenation plant, while
the rest wes. mixed with fresh sump phese middle oll and
used for pasting coal.

The filter c.ke containing about 65 percent oil by
welght, wes coked in & rotary kiln at esbout 400°C to recover
the oil. The solid residue was either mixed with coal and
burned or discerded, as it wes very difficul: to ignite end
hed & low heating value on account of iis hizh esh content.

- The original.intention of the Ruhrdl Conpany had been
to use the coal extract in the sump rhase process to make
synthetic fuels. It was sn easier waterizl io hendle than
coal on account of the absence of ash and materisls very
difficult to hydrogenate. However, it was not cs readily
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9. Description of Pott-Froche Process. (cont'd.)

processed as tar or piten which were furtrer along the path
toward middle oil. Since Germany required- the maximum pro-
duction of gasoline from each plant, it was more expedient
te process piteh than cosl extract. Therefore, the extrec-
tion wrocess wes not operated to produce stocks for hydro-
genation, but rather for special purposes. It was found
that the extract could bte coked to give a carbon that made
good electrodes for use 3in the aluminum industry, and hence
most of the »roduction-was diverted to this murpose. The
Ruhrél Comnany felt that the future of the nrocess lay in
the nroduction of special purnose materials rather than in
the wanufecture of mbtor fuel. They felt that the extract
might be used as molding plesties, fillers in structural
aaterdal, or 2s Insulsting coatings for wires and cebles.,
In ordeq to dissolve the extraet o solution of creaol,
tetralin, henzol, and pyridine wez used since ordinsry sol-
vents were not suitetle. This process mey find grester
commercial aprlicztion in the future, although 1o dete its
record hee not been vary imoressive, ’

10. Discussion-of the Products of Hydrogenction.

As has been descrihed in the previous sections of this
report the Germens made a veriety of synthetic Ffuels by
bydrogenatior of corls, tars and pitches, i each of the
row materisls hnd its own characteristics which made it a
better stoek for certein products than for cthers. This
cection of the renort, thercefore, is an endeavor to ration-
alize the various hydrogenstion processes «nd contrast the
variations in the products. £lthough the Germen fuel pro-
grem for the war wss 2 cownlicated eerics of halznces, yet
there were severecl genersl prineinles which poverned the
nroduction vrogrem, and this section will cttemnt to show
hov these opersted,

£11 of the five main sources of raw me tericl, nomely
brown coal, brown coel te?, bituminons coal, bituminous cozl
tar, end nitches plus cracking residues, cculd be trecsted
to produce various yields of evietion grede gesoline,  There
were three moin ways of prepering cviation gosoline, nemelyy
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