All of these distillation stages were quite conventional in
operation, and hence this phase of the coel hydrogeration
process is not discussed in detall. Some of the inportant
properties of the various motor fuels end gesolines are
pregented in tobles in Section X of this report, bu% for
more deteiled information about aviation gesoline the reagder
is referred to U, &, Neval Technical Mission in Europe Rep?rs
entitled "The Mannfeeture of Aviation Gesoline in Germenyl 24
U. 8. Navel Technicel Mission in Europe Report entitled
"German Diesel Fuels! gives morc complete information on the
characteristics of diesel 211s produced by hydrogenation.

‘7. Sump Phese Solids Removal and 0il Recovary.

(e) Centrifugatisn of Slurry.

In the hydrogenation of the coal = small freetion wes
not converted during the passage through the converters, ond
this together with the coal esh end catalyst hed to e Te-
moved from the cycle., Tho most common way wes to centrifuge
the slurry from the hot seperator into o clerified recycle
product plus a heavy sludge that containeg most of the solids.

The hot slurry from the hot separator, after having
been cooled to skout 20000 ana blown down to atmospheric
pressure, oz deseribed in Section IV, was diluted with o
lighter 0il to reduce the viscosity., The solids content in
the original slurry wes usinally about 29-22 percent, and
epproximately 25 percent of diluvent 01l was sdded, so that
the resultant solids contant was about 16 pevrcert., The
choice of thinning oil played sn imgortant part in the opera-
tion of the sump phese, since the characteristics of the
pasting oil could be controlled at this point. The com-
vosition of the oil could be a blend of clarifisd oil from
the centrifuging, the residue from the cold separator aistil-
lation sfter reroving the middle 0il, end middle oil itself,
The use of the clarified centrifuge oil helred to reduce the
asphslt content in the systein, since on 2 second pese through
the machine an additional quentity was removed with the solid
residue.  The use of some widdle oil in the diluting fced
helped to thin the slurry more, and at the same time it pre-
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7.  EBump Phase Solids Removal and 0il Recovery {z){cont'd,)

cinitated some of the heavier asphalts so that they could
be reroved from the system. Combinations of these methods
werz used depending upon the existing conditions =t the.
plant, but in any case it was always necessary to thin the
viscous slurry nrior to centrifuging. :

ifter dilutlon the slurry pessed to continuous centri-
fuges where it was separated into an oil containing 6 to
. 10 percent finely divided golids, and a heavy residue con-
taining 35 to 40 percent solids. The ash content of the .
solids in the 61l aversged about 35 percent, the balance of
the solids being.asphalt type constituents and fusazin. The
solids in the residue contained about 50 percent ash plus
the major fraction of the unconverted coal. The centrifuges
employed were commercial machines, many of them made by
JelLzval, which operated on the autematic -solid ejection
principle. The inside dicmeter of the housing was zbout
480 millimeters and the verticsl rotating shaft carried
about 200 perforated coninal disks spaced about one-half
millimeter spart. The rosor turned at 2bout 3200 r.p.m. co0
that a very high centrifugal force of about 10,000 times
gravity was obtained. Tungsten ccrbide valves were employ-
ed_at the residue discharge to resist the abrasion of the
solids. The slurry cepscity of these mechines was spproxi-
mately 2.5 tons per hour sc thet a coal hydrogenation plant
ned & large battery of them handling thc hot separator Dro-
duct.

Theslack of complete removel of the solids in the
centrifuges was caused by the relatively viscous medium,
the low density difference between some oF the solids end
the oll, and the extremely fine size of many of the parti-
cles. The goeration of tre centrifuges wes # compromise
between through-put snd ccmpletencss of purificetion, since
longer contact times resulted in mere coxplete eliminetion
of the solids., It was necessery Lo remove the residue as
a thick slurry in these machines, since too thick 2 sludge
caused the autometic discharge velves to become fouled.
This method of centrifuging éivided thez feed into approxi-
metely two-thirds recycle 0il and one-third residue, end
the lerge emount of oil in the lotter matoriel constituted
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7.  Sump Phsse Solids Remcval and 0il Recovery (&) (cont'd.)

a heavy load on the sludge coking plant, The Germens realiz-
ed the lia»ilities in the process, had done some research
work on the problem, but had apparently not found a better
selution, '

In 193% the Leuna plant of the T. ¢. Farbenindustrie
condicted tests on the [ilterability of the slurries using
three different tynes of equipment, a Wolf %gl} filter, =
certridge Jilter, and a Dorr rotary filter.(25) The cart-
ridge type unit gave the highest filtering rate of about
130 kilograms of slurry per square meter per hour, while the
cell filter averaged 100, and the Dorr machine only 50.

The solids content in the pasting oil, the washing of the
filter czke, and the wash oil requirements were most fevor-
eble with the cartridge filter. The results of these tests,
hovever, were not sufficiently attractive to warrant the
instellation of filter eouipment in the new hydrogenatioa

slents built in 1940-1943.

(b) Coking of Centrifuge Residte.

£s previously mentioned the residuc from the centri-
fuges conteined 60 to 65 percent oil, which if it had been
discarded, would heve been x serious loss. - Tt was therefore
necessary to further treat the sludge in order to recover
the oll content for reeyele in the cystem. This operation
was eerried ouw in coking ovens where the meterial was heat-
ed ané the oil distilled off leaving a dry, high ash residue
which could be burned by mixing with {resh cosl.

The sludges from brown coal, which were low in esnhzlt
were frequently processed in & screw type oven. See drawing
no. C-12 for construction and operation of this unit. The
epperatus consisted of a gas-fired furnzce which contained
two stcel drums each zbout one meter in dismeter by 16
meters in length, so supported, one over the other, that
the unper drum discherged into the lower drum. The feed
inlet to the upper drum and the coke discherge ‘from the
lower drun wore .t one end of the wnit and the inter-con-
nection between the two drums 2% the oth:r end. Inside of
each drum was & screw that fturned &t about one revolution

-58-



slad AR
s b

i

7. Eump Phase Solids Removal and 0il Recovery (b)(cont'd.)

per minute. In the lower part of the furnace a set of steam
superhecter ccils were located. Auxiliaries consisted of a
feed pump, and & traveling rake to remove the solids as they
were discharged from the lower section of the kiln. The
gases and vapors evolved were freed from dust, and were then
cooled. The condensed oil was recovered in a series of heat
exchangers and coolers, and collected in settling tanks.

The gaseous products were used for fuel. ‘

In operation the sludge was pumped through a heat ex-
changer counter-current to the outlet oll, gas, and water
venors hefore 1t entered the oven. Ordinarily the warmed
matericl entered the hollow shaft of the top screw, and
vassed through the length of the oven where it was discharg-
¢d into the drum. It was poscible, however, to iniject the
feed dircetly into the kiln, should the lines become stopped
up with materiel. Cuperhested steam equivilant to 5-10 per-
cent of the charge was injected into ecch tube to lower the
nartial pressure and reduce cracking of the oil. After the
residue had been moved by the screw from the. inlet end to
the reer of the top drum, it dropped down into the lower
drum 2nd was carried forward until it finally was dlscharged
into & sump where it wes cooled by water. A traveling rake
then cerried it out znd icaded it into cars for disposal.

The oil vapors, gas, and stcam together with a small
emount of cdust 1left through a connection at the resr of the
kilns. The dust wos removed in o cyclone sepsreter and
was discharged by gravity into o water sump znd was pumped
or carried away fer disposel. The gaseous products were
next partielly cooled in the heat exchonger by the feed
materiel, enéd then in to a water cooler. The condenscte
from these two units was 2 heevy oil suitsble for recycle
#5 © pasting medium.. A light oil as well 2t mos- of the
weter vapor was condensed in cn after cooler using weter
end the noncondensatle goses were used for heating purposes.
The light oil, after seperation from the water was sent to
the distillation building and blended with the sump phase
overhezd vproduct to recover an additionel guantity of middle
0il. ‘
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7. Sum umn Phase Solids Rem cval al and Oil Recovery (b){(cont'd.)

The operating temperature of the oven was about 550°¢,
and 1ts through-vut was approximetely two tons of sludge
per -hour.  pbout 75 percent of the oil was recovered. The
major difficulty in operation was coking up of the screws.
especially in the lewer tube. Usuzlly the on-stream time
was about 100-120 days for the tep section and only 17 to
to days for the bottom between cleanings. These furnaces
would not handle high asphalt content feeds on account of

coking of the screws. Even with relatively good feed stocks
the operating time was oulte short between maintenance
periods.

In order to handle the sludges from hituminous coal hy-
drogenation plants, a combination ball mill rotating oven
wes employed. This apparatus consisted of a large drum
about two meters In diameter by 1l meters long inclined at
avout 6 from the horizontal, and mounted in & gas fired
furnzce. See drawing no, C-13 for flow details of this
type of system. The mill oven was lined with high chrome
abrasive-resistant steel and held about 9-10 tons of balls.
The feed add part of the steam were injected through pipes
in the hollow trunnion at one end, 2nd the rcmaining steam
was introduce® =t the oprosite end in & similar manner.

The vepors left through the trunnion a2t the feed end of the
oven. The solid coke was removed at the end opposite the
feed and collected in 2 water-sesled sump. In the upper
section of the furnace setting were coils for superheating
steam and also for prehesting the feed. The suxiliaries
wers essentially the same as those emnloyed for the screw
type furnsce, the dust collector and the heet exchznger
being combined into one unit.

The operating temperature wes uveauelly & little higher,
about 560-5900C, than thet used for the screw coking oven,
but the oil recovery wes essentizlly the seme. About 10-

15 percent of steam was added to the cherge to reduce creck-
ing and. g2s loss. These ovens coked up in about five days
of operation, but due to the grinding action of the steel
balls they were self cleening by merely shutting off the
feed and continuing the rotation for 10-12 hours.

The sludge through-put was considerably greater than
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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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