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7. ' Bump_PHase 8S0lids Removal and il Recovery (b)(cont!'d,)

.1n the screw-type furnace, 3.2 tons as compared with 2 .tons
per hour. . Another big difference was the much lower oil
content in the residue, about 1-2 percent as compared with
20-25 percent. The higher temperature produced more gas so
thet the oversll ¢il recovery was essentially the seme. It
-was of interest, however, that the retio of heavy oil to
light oil was greater in the ball oven then in the screw
type, desnite the faet that the gas yield was almost double.
The ratios of hesvy to light oils were 4.8 snd 3.4, respec-
tively, from the two units operating on the same feed.

Table No. 8 in Appendix A contrests the operation of

these two types of furnaces.

8. Description of the T.T.H. Process.

The T.T.H. process or Tief Tempratur . dvdrierung (low
tempereture hydrogénation) represented e markedly different
avproach- to ‘the hydrogenaztion of coal tar to gbtazin diesel
fuel end lubriccting oils. In 1935 experlmsntzl work was
started on the vroblem of néeparing lube oils from brovm
coal tar by means of a limited hydrogenation so as not to.:-
destroy the paraffinic nuture of the tar. 3y 1933 the work
hed reeched the stoge for commercisl snvliecation, &nd in
1939 the first =nd only plant in Germany wss started at
Zeitz,: : : R

The feed for the process consisted chicfly of brown
cozl tar.from low temncrzture carbenizetion with about 10
percent of light oil added. The rew tar conteined about
0.5 percent finely suspended dirt.and 0.4 percent water
which were largely removed ‘by centrifuging., The clerified
tar wes next filteved and the dirt content reduced to a
mcximum of 2bout 0,01 percent. An anslysis of the tar feed
showed that it conteined 23.4 percent carbon, 10.5 percent
hydrogen, 2.0 percent sulfur, 0.4 percent nltrogen, and 3.7
percent oxygen. The specific grevity st 509C was about
0.95, end enzlyticel distillztion showed that 6 percent
boiled un to 180°C, 33 percent up to 325°C, end 52 percent
upr to 350°C. : :
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8.  Description of the T.T.H, Procesg.(cont'd.)

The equipment in which the conversion was conducted
was essentielly the same:as that used in the gas rhase hy-
drogenetion. The hot equipment was located in a stall
whici held two hezt exchangérs, an electric preheater end
three cctalytic converters. The Zeitz plant hzd five of
these stolls opersting on the T,T.H. process during the war.
oince the equipment was nearly the same as that previously
describad, only those items which were different will be
discussed. ’

The reaction vccured in the liguid phaese over an active
catalyst at between 300 znd 390°C. under a totzl pressure
of 300 atmospheres, A partial pressure of hydrogen of
ehout 85 percent was maintained et the converter inlet, but
at the outlet it had dropped to atout 80 percent. The
through-vuts were relatively low averaging 0.35 and 0.4 tons
of- tar per cubic neter .of catelyst per hour. In a three con-
verter system having 25 cubic meters of catalyst, the tar
through.put wes thersfore about 9-10 tons per hour. Approx-
imstely 25,900 cubic meters of gas per hour were mixed with
the tar end heated in the.exchangers znd prehesters, while
an additional 14,000 cukic metors were required for tempera-
ture control in the converters., The hydrogen consumption
was epvroximately 559 cubic meters per ton of tar.

A hot separetor wes not used in this system, even
though it was 2 liquid phsse process since there were no
solids to be removed. The whole product wzs collected in
the cold cateh pot cnd distilled.

The converter design wes a little differcent from that
emvloye¢ in the gas phese, clthough the gercral features
were similar. (®ee drewing no. C-14 in Appendix C). A
forging 1900 millimeters in diameter by 18 meters long was
insuleted and lined os wss done with both the sump-cnd gos
vhuse renctors.  Inly one greting, similer to thet used in
the gre phase converter was instelled in the lower section
so that the cctalyst bed wes continuous instesd of being
divided into scctions. Thé catalyst wolume was inereascd
to 8.4 cubic meters by this meens. It was still necessary
to introduce cooling grs to control the resction temperature,

65



UNBRASAETD

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

£0 six down pipes located at strategic polnts were uscd.

A Tting with holes around the circumference was connected
to- the lower end of each of the cooling gas pipes and used
to distribute the gas throughout the catalyst bed. 4s in
the gas phasec reactors the thermocouple well was located
in the center. - - -

A rising flow of oil and g&s were employed in the con-
verters, since the velocities were not as great as in the
other hydrogenation processes and the liquic phase tended to
cushion the eetalyst and raduce attrition. The catalyst
most frequently used, when available, was nc. 5058 tungsten
disulfide pellets, the sams es used in nrehydrogenation.

The comnlete prevarstion of this materizl is given in Lppen-
dix B. ¥hen tungsten became scerce, the substitute catalyst
o, 7846250, sometimes referred to as 2376, was uscd. This
latter meteriel wes o mixture of 25 vercent tungstenjsulfide
plus 3 perceat nickel sulfide on activated alumine. As ‘men-
tioned in Section V wunder fhe prehydrogenstion process, this
catalyst waz very cetive in reducing oxygen angd nitrogen
compounds s well zz hydrogenating t{he lower boiling con-
stituents, but it was less effective in croczing and hydro-
genating higher boiling meterisls. The milder eracking was
desirable, tut the reduced hydrogenation activating was a
lizbility, so thet sltogether the Germens felt that 5058
catelyst woes the better meterizl to use whenever aveilable,

The zversge catzlyst 1ife depended very greatly unon
the nurification of the feed ter. As previously explained,
the dirt content was reduced to cbout 0.01 percent by centri-
fuging and filtration, ang great cere hed to he exercised to
keep this dirt velue low, ‘This suspended solid motter would
greduelly foul tha cetalyst surface together with condensed
polymerization nroducts that could not be desorbed. Soluble
&sh, such as iron rhenolate, slso caused trouble by being
reduced and desposited on the catolyst surfcce.  The only
W2y to avoid the latter difficulty wes to choose feed tars
that conteined very little soluble inorgenie compounds. If
broper nrecoutions were telen, 2 cstalyst life of six months
to one year was obtained. Hegeneration of ‘the cetalyst in
Situ wes not poseible, but instead fresh materizl was charged,

>
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8. Dascription of the T,T.H, Process.(cont'd.)
and the active ingredients recovered at the catalyét plant.

The purpose of the process was to' very carefully re-
fine the high molecular welght paraffinic substances with-
out cracking and destroying thenm, so that <hey could be
recovered as Jube oils and waxes. "For thils reason the low
temperzture was ebsolutely necessary, as the lube oil frae-
tion decreased repidly sbove 3900C ang at 420°C it practicsl-
ly disappeares being converted into gasolire and diesel oil.
Under zctuzl condition approximately 80 percent of the fresh
tar waes converted into desired products with the following
distribution: 27 bercent zasoline, 43 percent diesel oil,

5 percent lube 0il, -9 percent wax, 0.5 percent Oz + G gzs,
and 14 percent residue which could be processed in a sump
bhase ter hydrogenstion nlant, -

The gasoline, as vroduced, was not useahle directly,
but had to be further treated in cither the g&s rhase plant
or in a DHD process. TIte average composition was 5 percent
aromatics, 30 nercent naphthenes, snd 65 percent paraffins,
and conscquently the octarc reting vas low, about 55. The
diesel oil fraciion boiles from 200 to 32992 and had a .
cetane rating of 45-50, Ttg composition was similar to that
of the gasoline, but it was a satisfactory fuel as produced,
whereas the gasoline was not. The phenol and sulfur con-
tents averared 1 rercent and 0,1 nercent, respectively.

. Lfter removing the gasoline tnd diesel oil cuts, the
residue o1l wus vecuum distilled to produee lube oils., The
total lube il frazction hed s VI of 60 to 20, hut it was
usuzlly frectionated to produce & spindle oil and = machine
oil. The relative vields were aprroximetely two-thivds of
49 Engler snindle oil eng one-third of 6 to 99 Engler
machine oil. v

*

The viaxcs were extrectad from the residue by means of
the conventional propane process. These were divided into
soft anc hard wex. The former constituted about one-thirg
of the product with o melting point of 40-450C; the latter
two-thirds with s melting point of 520C, These waxes were
used for the nroduetion of fatty ccids, or were crescked



- U ERALGITIED

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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