3.  Jeneral Outliﬁe‘Qfﬁﬁydfééiﬁdtion (cont'd.)

of tho opefators-of-this Procésa: wes that it was better _
adapted for meking speclal products such as coatings and in-
sulation, than for fuels, ~~ -.-. . .- .

The various steps. of the scal hydrogenation processes
are discussed in greatsr. detail in sections 4 to°9 enclusive,
and in seetion 10 comparidons: of the products and operation
of the difrerent methods are Presented,

k. pg§g§}ptidﬁfqr'5ump Phase Operations.

{a) ggggqgggﬁg*of:Brown'Coal.

The Germen brown coal or lignite ocoured in large thick
beds, which averzged 200 to 300 feet in denth, On naccount

of the thickness and proximity of these Le@ds to the surface,
‘strip mining methods were employeds The brown cosl 23 .mined
resembled dirt in cppearanee, since it had a deep chocolate
color, The ccol preparation, which inecluded drying, grind-
ing, and paste mixing, ‘are discussed ‘in detail in U.S. Naval
-Technical Mission in Burope Report entitled "Prodqctionl?r
Hydrogen end Synthesis Gas from Solid and Gaseous Fuels" 9),
" and ‘hence only the prineipal points will be described hers,

- The raw lignite contained on the average 50 percent
moisture eontent before use, The bfowh coal when dry was
very susceptible to spontaneous combustion in air, and con-
sequently, elaborate precautions were teken to keep an inert
atmosphere of carbon dioxide or nitrogen over the coal at
all times during the drying, grinding, and pasting, The
pulverizing of the coal was accomplished by mixing heavy re-
cycle oil from the centrifuges with dried cdal in ball or
mixing mills and web. grinding until- the coal had been pro-
perly.comminuted and a homogeneous suspension of coal in
oll, known as paste, produced. . For best results the oll had
a viscosity of 100-150 centistokes at 85°c.; and sufficient
.coal was added %o give a paste that had a viscosity of 1500~

. 2000 centistokes at 859G, ~ Although the viscosities wers
measured at 8500;,'the‘aotuql,operating temperature of the
mills was usually abgut 1209C, since this reéduced the vis-
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4. Deseription of Sump Phase Operations (a){cont'd.)

cosity of the oil and'permitted most of the free weter in
. .the coal to be vaporized. , ‘ . .

, The concentration of cosl in the resultant paste de-
pended upon géveral variables .such as the type of coal and
‘theé. quality of thc past%ng 0il.  The Wesseling plant, which
processed Rhine lignitell ), could only handle 36 percent
coal In the feed on acdount of the "gelation" properties,
whereas Leuna which treated middle German lignite, oqperated
with LO<42 percent c¢oal in the paste. The average weight

of the coal paste was 1.1 tons per cubic meter,

_ During the grinding of the coal in the oll, catalysts
were added and thoroughly mixed in the paste. Iron and sul-
‘fur were the mors common catalytic elements used for brown
goal hydrogenation, and since mest coals conteined 3 to 6
Dpercent sulfur, it was usually only necessary to add iren,
This was accomplished by the addition of 4-6 percent, based
on the weight of cosl, of "Bayermasse" or "Roterz® (impure
iron oxides produced during the purification of aluming
ores.).. With the Rhine coal, which was very low in sulfur
- (0475 percent), it was nscessary to add about 1.25 percent
of elementary sulfur.to.the paste, but in other plants this
was not necessary(10}, Molybdenum and/or zine had pre-
viously been used for catalysts, but iron and sulfur were
nearly as active and had the advantage of being much
cheaper. ' : , :

" The coal was ground so that about 40 percent was finer
than 250 mesh (English measure) and essentially all of it
. 'was under 200 mesh before it left the mill,. The paste was
- fed to the large high pressiwre.paste presses. in a reecycle
-8ystem which kept the feed moving throughout the entirs
.manifold, and assured a continuous supply of hot uniform
composition paste to each of the several :pumps connected in
- parallel, The paste presses were large, double-acting, hy=
draulieally driven piston pumps, whioh had capacities vary-
ing from .10 to 25 cubic meters per hour maximum, depending
upon the different sizes employed at .the various plents,
In general, the larger capacity pumps were newer; the small-
- er sizes being 0ld machines still kept in servics, 'In order
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L. Désoript;on or.3qﬁp;Pﬁése Operations (a)(cgny'd.)

to better resist the adrasive aotion of the coal paste, the

plungers were hardened.to.about 400 Brinnel, and the value
seats were-made of mpecially hardensd.alloy steel. The .
Packing material was usually metallic rings of either white
metal or liead-calcium alloy, and a lantern ring was located
in the packing section so that between 80 and 200 liters. per
four of rliishing oil could be-injected to keep paste out of
the stuffing box, "By the uss of flushing oil the pac:ings
hid a life of about six months under normal operating condi-
tions, :

The paste leaving the presses at either 300 or 700 at-
mospherss depending upon the method of operation, as will be
déaoribed later, was Joined with racycle gas and entered the
Tirst heat oxchanger in the coal stall, A}l of the caal hy-

drogenation plants were constructed on the basis of individ-

wal 3oal stalls or chambers, and each chamber contained two

- heat sxchangers, one preheated, thres or four converters,

and a hot separator. These piéces of -apparatus were mount~
ed. in & tall conoretd strueturs which helpéd to protect the
operators by isolating the equipment and localizing fires
that might oceur from mechanical failurses., The size of the
various plants-depended upon the number of stalls which
they operated, since the output of any one stall did not:

© very gredtly among the various plants, Large plants, such

as Leuna, operated nine (9) sump phase stalls, whersas the
smaller installations usually consisted of two to four unita,

.. The heat exohangers were large forgings of chroms-
nickel mclybdenum--stesl 500 or 600 millimeters insiie dia-
meter by 18 meters long; the two sizes differed only in
the number of ‘tubes and consequent available hest transfer
areas, ---Inside -0of the steel forging was a diatomite or briek
lining dbout 65 millimeters thick which insulated tie: pres-
sure wall from the hot contents, A thin stainless steel

tube (0.5mm) was located inside of “the insulation, and this

liner contained the fluid products and resisted the corro-
sive attacks of high temperature hydrogen and sulfuc. The

‘tube bundle'with baffles was placed inside of the llner,

and connected to the heads through conical -adapters.. The
tubes were'iade of galvanized N5 steel.(thoms-vanadium-
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L. ~ Desoription of Sump Phaze QOperations (a)(cont'd.)

alloy) and measured 23 by 14 millimeters by 16.5 meters long.
The 500 millimeter heat exhanger usually ield 151 of these
tubes and had a heat transfer area of 145 sguare meters,
vhereas the 600 millimeter exchanger had 199 tubes and 190
square meters of surface. The elosures were made bty the
compression of aluminum gaskets in the convential manrer, by
bolts on each flanged head. The assembly and construection
details are shown in drawing no C-1 in Appendix C.

In operaticn the paste and gas entered at the bottom of
the first heat exchanger at about 60 to 80°C, and flowed up
around the outside of the tubes, counter-current to the out-
let products inside of the-tubes. The paste leaving the
first exchanger had been heated up to about 2009¢, and it
then was further heated in g similar manner in the second
uanit to about 3200C. (Refer to drawing No. 2 for flows in
the sump phase). The heat transfer soefficients varied
greatly, as would be expected with materials that fouled and
corroded the equipment, and hence the average values ware
difficult to determine. For équipmeént in good condition,
‘the overall hsat transfer coefficient varied from 200 to 250
. kilocalories per hour per square meter per Gegree centrie
grade (40-50°BTU per hour per square foot per degres Fahren-
heit), After the surface had become fouled from ocaking or
coking of solids, the values might drop to 50-100, at which
time it ras usually necessary to take the equipment out of
service(1l,29,30) » ‘

After leaving the second heat exchanger, the fsed
entered a gas-fired preheater whers its temperaturs:was
raised to about 410~430°9C." Tae preheater was a rectangular
furnace about 7 meters long by L meters wide by 14 meters
Jblegh, divided into sectlons to hold the preheater tubes.
Drawing Nos. C-1 and C-2 in Appendix C shows one of the
nore commen types of gas-fired heaters, in which hair pin
tubes were located in vertial rectangular sections at one
end, and the combustion chambsr was at the other end. Fuel
gas was burned in the combustion chamber, and the hot gases
mixed with hot recycle gas and passed through the sections
housing the preheater tubes counter-current to the flow of
material being heated, The gas leaving the last tubde
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L. Description of Sump Phase Operations (a)({cont'd.)

section was picked up by recycle blowers and returned to the
mixing chamber, This high circulatory system using two
blowers of 50,000 cubic meters per hour each (measured at

1 atm. and 450°¢) helped to prevent local overheating and
increased the themal efficiency. The heating value of *he
fuel gas employed was about 2000 kilo calories per cubie
meter, ?ng betwsen 3000-4000 oubin meters per hour were re-
quired, {1?)

The hair pin tubes were constructed of N8 or N10 steel,
which were chrome, vanadium, molybdenum, tungsten alloys of
high tensile and ereep strengths. The tubes themselves were
171 by 120 millimeters in diameter, and zbout 14 meters long.
The number of tubes required varied greatly from plant to
plant, the range being from ¢ to 20 hairpins. In any case
the principle of operation was the same, and the furnace was
proportioned to accomodate the number of tuhes required., On
the outside of the .tubes, perpendicular to the central axis,
were welded a series of steel fins 300 millimeters square,
four millimeters thick, and Spaced 14 millimeters apart.
These fins added heating surface, and thus raised the heat
transfer rate which neverthelsss was very low.' The heat
' transfer coefficient averaged 6-8 kilo calories per hour per
square meter per degree centigrade. '

After leaving the preheater, the hot paste-gas mixture
entered the first of a series of three or four converters,
The older designs used three Yessels, whereas the more
modern practice was to use four, and lenoce this report will
discuss the four converter cosl stall., Three very common
sizes of converters were used, elther singly or in combina-
tion with each other; however, the only important differ-
ences, between them were the cverall dimensions, since the
internal sonstruction was essentially the same., The details
of the construction are shown on drawing no, C-4 in Appen-
dix €, Two of the converters were 800 and 1000 millimeters
inside diemeters, respectively, by 18 meters long, while the
" third was 1200 millimeters by 12 meters long. The pregsure
bodies were forgings of N2 (chrome-molybdenum) steel, heat
. treated to improve the mechanical strength, .The inside sur-

face was insulated with two layers of diatomite briok end
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k. - Deseription of-Sump Phase Operations (a)(cont*a,) .

asbestos cement so that. the thickness of the insulation was
about. 65 miliimeters. 4A thin V24 (stainless) steel.liner,
- about 0,5 millimeters thick, was placed inside the insulae
tion and connected with the top and bottom heads through
conclal adapters, The .stainless steel liner was used to
contain the reactants, since it was resistant to sulfur and
hydrogen corrosion. The closures were of the straight com-
Ppression type, as in the cass.of the heat exchangers using
aluminum gaskets, since ocopper would have been ‘corroded by
- the sulfur and aemmonia,  In the top head were three or four
small inlet connestions for introducing cold -hydrogen at
different=point5'in'theiconverter to control ‘the reaction,

. A large inlet and outlet connection were.located in the
center of the bottom and top heads, respectively, and the
externsl piping was connected by means of standard lens
ring:type points, e ' _

' 'The hydrogenation of coal is an extremely complieceted
chemical process, and since coal is not a homogeneous sub-
stance, hut is composed of many high molecular weight org-
“anic compounds, it is impossible to state exactly what -

oceured during the reaction period. An average analysis

of brown coal on a dry basis was 62 percent carbon, 5 per-
cent hydrogen, 1 percent nitrogen, 5 percent sulfur, 18 per-
cent oxygen, and 9 percent ash. The relatively high ratio
of hydrogen to carbon, plus the high oxygen ocontent, made
the lignites reasonably easy materials to hydrogenate, 0On
the other hand’the high oxygen content caused a loss of
valuable carbon which was eliminated as carbon dioxide, end
also a hydrogen consumption to produce water, The brown
coal apparently contained a large fraction of paraffin base
substanées with carboxylie acid groups,.as well as condenes-
ed aromatic and naphthenic rings with oxygen, nitregen, and
sulfur included in the rings and in scattered connecting
bridges. Under the action of heat and high hydrogen pres-
' 8sure, the large molecules were depolymerized with the logs
0f a large percentage of the OXygen as carbon oxides fronm
the carboxylic acid groups, and as water from ether type
linkages, Similarly part of the nitrogen and sulfur wers
eliminated as ammonia ang hydrogen sulfide, respectively,
while a fraction of. the nitrogen remained in bases such as
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L. Description of Sump PhaseHOperations (a){cont'd.)

aniline, and the oxygen and sulfur in phenols and thio-
phenols, respectively., A congiderable amount of cracking
and hydrogenation of the depolymerized coal oil resulted in
the hydrogen content being markedly increased and the aver-
age molecuiar weight of the oil being lowered, During, the
reaction, part of the carbon in the coal was also converted
into geseous products ranging from methane to butane. O0b-
viously, some of these reactl ons occurred -simultaneously,
while others went in series; but the principal overall ef-
fect was to convert most of the coal into a lower molecular
weight oll having a hydrogen content higher than that of the
original coal, and at the same time to form a considerable
fraction of gaaaous mauorials.

In the processing of brown coal a pressure of 300 at-
mospheres was sufficient to handle the migdle Germasn coals,
such as Leuna used, but 700 atmospherss was neede? 8? pro-
perly convert the more refractory Rhine lignites. 1
These latter coals were poor in hydrogen and rich in oxygen,
and by experiment were found to require the higher pressure.
The overall conversion of .the carbon in the coal to gaseous
and liquid products was betweén 95 and 99 psrcent, but the
01l yield was low because of the high oxygen content., It
took approximately 2,1 tons of lignite ton produce one ton

~of middle oil, so that the production per stall was not as

great as when treating older coals or tars, .

The hot paste and gas mixture leaving the preheater
was joined by additional fresh hydrogen, heated in a sep-
-arate set.of "U% bends in the preheater, and then the com-
bined feed entered the bottom of the first converter.

The preduetion. of hydrogen for the process is deseribed .
41n defall _ip U. S, Navy. Technlcal Mission iﬁ'Europe Ra port
ertitied "Produgtlon of. ?gdrogen ‘and Synthes1s Gas from
Sd1id and Gaseous Fuelsh Inside the converter the )
“fiow of ges carried a quantity of solids and heavy.oil up_..
the center of ths vessel to the top, where the gas and

part of the liguid products left the converter, and entered
the base of the second reactor. Some of the solids and
heavy oil, having a higher density thdn the average fluid
contents, sank down the sides until they either reached
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L. .,Desqription,or Sump : Phage Operations (a)(cont'qd.)

chc bottom. or were again trapped in the gas and carried to-
werd the top., 1m Shis manner the contents of the converter
were continunusly circulated; thus.providing better heat
transfer ang tempers bure control, as well as permitting the
materials thnot needed,hydrogenation most to remain ths long-~
est in the resction zons, The first one or wwo convertersa
were usuelly larger in diametsr than the latter ones, since
this pe. zitied better circulation’during the in%ial stages
of the hydrogenation, For 300 atmosphere operation the
1200 millimeter diameter by 12 meter long converter was
usually used first, while at 700 atmospheres the size was
usually 1000 miliimeters by 18 meters. The last converterg
“in the series were usually 800 millimeters by 18 meters

. longo

- The hydrogenstion of coal was g highly exothermic re-
action, and the feed was quickly heated up to the reaction
temperature of 47014800 within the first rew meters of
travel, The average -through-put of paste was 1,1 to 1,3
tons per cubic meter of reaction Spase-per hour, and for g
“four converter coal stajl With 27 cubic meters reaction
. volume, this corresponded to 30-35 tong per hour.. The ocor.
‘responding gas flow was atout ?5 to 30,000 cubic meters of
gas with a hydroger content, of about 80%, In order to con-
trol the tehperaturs during the reaction due to the heat
liberation of about’ 400 kilo calories per kilogram of coal,
an -additional 10-15,000 cuble meters of oglg hydrogen were
introduced through the connectlons on the top heads, into
the converters at three or four levels. The turbulent
.eycle in the converters helped the heat transfor, and by

0il,

The temperature wag usually controlled by ﬁhe asphali
content of the coal liquefection products, since g high -
asphalt oil required a high temperature to give satisfact-

OTry conversions to lighter oils. The gas formation, partic.
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L. Déseription of Sump Phase Opsrations {(a)({econt 'd.)

ularly the methane, was greater as the temperature Increaseqd,
50 that it -was desirable to operase it the lcwest temperature
consistent with & .satisfactory reuction rate aud conversion.
Brown coals were usually low in asphalt, and hence high con-
versions and little trouble from this material were experi-
| encedc N o
One of the most troublesome problems with “ignite was
the formation of little. solid balls of caleium carbonate
which settled to the bottom of the converters end caused
stoppages. These globules were cslled "caviar® or account
of thelr resemblance to the re?} Imz?uct, and means had to
be supplied for their removel,(1331 Usually the formation
was most troublesome in the first converter where the coal
- was undergoing the initlal decompcsition. By means of a line
tapping into the bass of the Tirst converter, a small amount
of sludge, such as 100-200 liters per hour, could be with-
drawn and treated in the solids removal unit. Usually only
the first converter needed this simpls sludge withdrawal
line, but the plant at Wesseling had more difficulty with
the Rhine brown coal,.and mere elaborate methods were needed
to cope with the "caviar® problem, For more complete de-
tails on "caviar" refer to U.S. Naval Technical Mi?sion in
Burope Technisal Report No, 87-45, pages 52-58. (15

After passing through the converters in series, the
gaseous and liquid products, together with a small amount
of unconverted coal, ash, and catalyst, entered a large
high pressure vessel called the hot separator. This ap-
paratus performed a very important function besides merely
separating the gases from the heavy oil and solids. Operat-
ing at a temperature of about 450°C, practically all of the
water and a lerge fraction of the more volatile oil con-
stituents were stripped from the sclids containing heavy
oil. This separation of a light overhead oil -from the
heavy oil was, of course, not as sharp as would be obtained
by a distillation of the total product, but the fractionation
- of such a heavy 0il containing solids would have preaented
formidable difficulties. Approximately 80 percent of the
oil boiling up to 350°C was stripped from the heavy slurry
by this process, '

-8



b, Description of Sump Phase Operations (a){nont’d.)
The -hot Separator wag g vessel ofiNl-(chrome-molybf
denum)*steel-BOO nillimetepg insige diameteruby’g meters
long. ‘(SGe»drawings nos;- C-4 and .Q-6 in Appendix C. for de-
tails or construction) ag ip the oonverters and heat ex-
changers it was necessary to insulate the wallg and use g
Stainless Steal liner to hold. the fluid-eontents. -In the
top head were inlet ang outlet Onnectiong for ‘the converter

down one side of the vesssl instead,of}being centered, since
this apparantly gave bettep Scparation or the 8as and l{iquig
products, The volume of 4he Separator-up to the feed dovn-
Pipe wag approximately 1.5 eunio meters, In epération the

liguid level was helg reéaonably constant by an aute- ‘e
matically-qperated liquid level controller, S

Separator. to colleot the condenseq oil, Thls-vessél:waS‘a
forging or the Same size apg shape as the hot Separator,
but the internal apparatus wag much simpler, since only
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L. Desgcription of Sump Phase Operations (a)(cont'd.).

clean light materials were handled. The bottom head had s
rather flat conigal adapter,: and there wers no cooling coils
employed. The conderised oil wolume was controlled by a 1i-
quid level regulator connected to the apparatus.

: The gaseous products leaving the intermediate separator
- next passed to the top of the first or cold heat eXchanger,
Frequently, it was necessary to add water to the gas stream
at this point to prevent inorganic salts, such as ammonium
carbonate and sulfide from condensing and causing orusts or
stoppages. About 1000 liters per hour of water were usually
sufficient, but with certain coals, such as ?he%ne brown, 1t
was necessary to use so much 8s:2100 liters.(15) fhe pro-
duets were cooled in passing through the heat exghanger tc
between 175+2000¢, ) : . , :

Further cooling was provided in trombone water coolers,
which consisted of betweer 4 and 6 sets of 6 tubes each
operating in parallel. The pipes were 58 millimeters inside
diameter by about 16 meters lohg, so that the total surface
was 80 to 120 square nmeters, . Frequently, part or all of the
‘previously mentioned water was-injected at the inlet to the
cooler, the difference depending upon plant operation. *

The products leaving the cooler at about 70°C entered
another large vessel known as the cold separator. This:
apparatus was a cylindrical forging usually 800 millimeters
inside diameter by 6 to 9 meters long. See drawing no. ¢-7

in Appendix C., for details of construetion. The ends were
partly swedged so that the size of the openings into the

vessel were about one-half of the inside diameter, and re-
movable closures were used on easch end. In operation the
‘longitudinal axis was inclined at about 5 to 10° from the
horizontal in order to provide a larger gas-liquid interface,
and thus reduce the entrainment of froth in the outlet gas,

. The lower head had two connectinns, the upper one for the
gas and. 1liquid inlet, and the lower one for the liquid out-
let. On the inside of the vessel there were two thin tubes
comecting with the inlet end outlet parts on the head, and
these tubes were curved so that the inlet stream impinged on
the upper surface of the separator, while the liquid outlet
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L. Desoription of SUmp‘fhasévCperaﬁions {a){cont'd.).

line'naturally_dipped down toward the bottom. On the upper
head there was a gas utlet connection, end this head also
carried an internel pipe to . take gas out of the top of the
..chamber, The Separavor was equipped with a liquid.level
control to automatically regualte the fluid volume,

The non-conde:gable gases, still at~high bressure,
entered the suction ring of the reeyole g4s system. This

the number of control instrumsnts, The hydrogen content of
the outlet gas had -heen reduced to about 40 percent, and it
was necessary to partially purify it before uging it again
in the sump Phase, 4An oil scrubbing system operating at

the system Pressure, was used to seleotively remove. part of
the methane and higher’ hydrocarbons and thus maintain the
purity of the recycle gas, The principal parts.of the puri-
fication system consisted of absorption towers, solvent cir-
culating pumps, and'power,recovery engines with necessary
gas-liquid separators, The towers were steel forgings that
veried in size from 1000 nillimeters by 12 meters to 1300
millimeters by 15 moters long. They were usually packed
with Raschig rings and adapted for gas inlet and liquid out-
let connections at the base and gas outlet and. solvent in-
let at the top. The usual hourly througk-puts were about

75 cubic meters of solvent to 50,000 ouvic meters of gas for
the larger size tower, although the liquid to gas ratio was
adjusted to give an outlet hydrogen purity of 70-75 percent.

The: solvent, containing dissolived hydrocarbons and hy-
. ‘drogen, was next expanded to about 50 etmospheres in expan-
‘sion engines, and the power recovered was used to circulate
- part of the solvent within the process,- The gas separated
. at this pressure was lean in higﬁaﬁﬁpydrocarbons,vand was
used for cracking or fuel burposes#™ The liquid was then
blown. down to atmosphereio Pressure, and this gas, which con-
tained an important Propane-butane fraction, was treated to
Tecover these materizls ag is deseribed in Sesetion 6. The
regenerated solvent wag then recirculated to the towers.
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L. Description of Sump Phase Operations (a)(cont'd.).

_ As previously explained, the gas outlet streams from
-several coal stalls were connected, and this header fed
impure gas to a series of washers all operating in parallel;
the number of units of course varied with the quantity of
gas to be treated: Theé gas-outlet streams from the washers
were also connected into-a manifold that served sevaral
booster compressors. These were single stage machines that
handled between 50-80,000 cubic meters per hour at dif-
ferential pressures from 50-80 atmospheres. The outle* gas
from the circulating compressors was mixed with ‘fresh paste
‘and started another cyecle. through the apparatus,

The light liquid products in the intermediate separator
and the cold separator were expanded. stepwise in two or three
stages to atmospheric pressure, When a two step system.was
used, the intermediate pressure was usually 50 atmospherss,
and the flashed gas, belng quite lean, was used for fuel.
The - gas from the atmospheric pressure expansion was treated
to remove 03-C,, as described in Section VI, while the 1i-
quid was.disti&led to yiecld a heads fraction of 325° E.P. -
called middle oil A, and a heavier residue oil that was re-
cycled for pesting -of coal,' The middle 0ll A was treated
in the gas phase, as described in Section V, to make gaso-
line and diesel. oil, and this middle oil constituted the
primary product from the sump phase, The distillation pro-
cedures and gas treatments are both coversd in more complete
detail in Section VI on Products Separation,

The heavy oil and solids that were left in the bottom
of the hot separator wers cooled by countsr-current heat
exchange with part of the fregh hydrogen make-up gas and
finally 'by water to about 200°C., The slurry was then blown
down to atmospheric pressuvre through special valves operatud
by the liquid level controller, These velves had replace-
able stem faces and seats of tungsten carbide, to resist the
abrasions of the solids, See drawing no. C-8 in appendix ¢
for the details of construction of the expansion valve. A
large expansion chamber was used after the seat to reduce
the pressure drop across the valve and increase the life of
the seat, In operation the valves were opened wide for a
few moments and then shut, for if they had been used to
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L. Description of Sump Phase Operations (a)(cont'd.).

throttle, the seats would have been cut out in one to two
hours. By operating the valves in pairs, each one working
singly for about 15 minutes, the average working life was
about 500-600 hours. The replacing.of- the. seats and stems
was not difficult, for a valve could be reconditioned in
about 15 minutes while the twin was operating.

The gas evolved from the sludge was. usually used for
fuel, and the slurry after diiuntion with. oil was centrifuged
to racovery the pasting oil 'for the nexb cycle. " The solids
containing residue from the sentrifuges was caked to recover
‘additional pesting oil. The3le operations are covered more
completely in Seotion VII, ou Solids Removal and Oil Re-

- COVErY. : .

(v) Processing of Bituminous Coals.

The bituminous coal fields in Germany wer: lozated in
tvo principal areas, the Ruhr and Silesia; and in both of
these districts the Germans had large coal hydrogenation
plants-for the produ¢tion of motor fugls. Bituminous coals
differed in composition from the previously discussed lig=
nites, sincs they were much older geojogically, and had
lost a major portion of the oxygen as well as part of the
hydrogen so that the hydrogen-carbon ratio was lower than
that of lignite, The condensed ring structure of the coal
~gave the resultant cils higher .aromatic and naphthenic con-
tents than those from lignite. An average analysis of bi-
tuminous coal, on a dry basis was 5 percent ash, 78 percent
carbon, 5 percent hydrogen, 1 percent nitrogen, 3 percent
sulfur, and 8 percent oxygen., In general the Ruhr coals
‘were a little older than the Silesian and had a slightly
lower hydrogen to carbon ratio, but this difference did not
seem to affect the coal through-put greatly. '

The mechenical operation of the sump :phase for bitu-
minous coal hydrogenation differed in a few regpects from
“that employed with lignites. * However, since the same types
and sizes of equipment were used, and since most of the
ma jor features were similar, only the points of difference
will oe described in this section. There were two systems
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b, Description.of'Sump Thase Operations (b){cont'd.).

of operation which varied chiefly in the manner in which the
feed paste was heated. The first or older method,- as prac-
tised at Gelsenberg and Scholven used only one heat exchang-
er, but had two.preheaters, Bituminous coal paste of the
desired concentration could not be used in & heat exchenger,
as was done with brown -cosl, on account of the swelling and
fouling of the tubes, and hencs it was necessary to heat the
paste plus a small stream of gas in a gas-fired preheater
section, The major portiur. of the hydrogen stream passed
through the heat exchansey dounter-current to the outlet pro-
ducts, as in the case of trown coal, and was then united
with the hot pasie, This mixture of gas and paste, was then
heated in a sevond preheater ssetion up to 425°0, before
“entering the converters.

This system was obv1ous1y less thermally efficient than

the standard brown coal process, and this'was aggrevated by
the extremely low heat ‘trensfer coefficlent of about 6 kilo
calories rer square meter per hour per degree Centigrade
which was obtained in the gas-fired preheater. Therefore,
research was éonducted to tgy to adapt the brown coal tech-
nigue to bituminous coal 18) "1t was found that ocal
pastes of about 35epercent. conuentratlon operated satis~-
factorily in the heat exchangers with heat-transfer ocoef-
ficients similar to those obtained with brown coal naste~17)
Therefore, a new method of opecration was developed in which

the total coal paste was made up into two batches. - A thin
coal paste of 36 percent fresh coal was preheated together

with about 90 percent of the recycle hydrogen in a series

of three hsat exchangers. A thick coal paste containing
about h8 percent coal was heated with 10 percent recycle hy-
drogen in & gas-fired prebeater, and then the two streams
were combined, The composite mixture was heated to 425°C.
in a preheater in exactly the same mamner as was done with
brown coal. The ratio of thin paste to thick was usually
about 1,1 to 1,2 and the combined paste contained about 41
percent coal, This second method of operation, as practiced
at PY1itz and Oberschlesien, reduced the heat requirnments
by nearly 50 percent, and at the same time it greatly lower-
ed the pressure drop through the unit.
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L. Description of Swap Phase Operations {b){cont'd.)

The asphalt contents of bituminous cosls were consider-
ably higher than thoge of lignites, and since these materials
were very refractory toward hydrogenation, it was necessary
to operate the sump phase converters at 485°C., TIn mos? of
the plants the operating vressure was_ 700 atmospheres, 19
since the higher hydrogen pressure had a very pronounced
effect on the asphalt decomposition, The catalysts used
were 1.5-5 percent of YBayermasse" or "Roterz", 1.3 percent
- iron sulfate, and 0.3 percent sodium sulfide, all based on
the weight of coal, These materials were mixed with the
coal and ground in a mil] in the sams manner &s was done
with lignite.

Fach coal stall usually contained four 1000 millimeter
diameter by 18 meter long converters giving a total reaction
volume of 36 cubic meters, The coal paste thnaughmpubs‘
averaged between 33 and 37 tons per hour, which geve a con~-
tact time of Very nearly one hour, The gasg volumes wers
30,000 cubic meters Per hour circulated with the paste, and.
20,000 for temperature control in the converters, The hy=
drogen consumption per ton of middle oil produced averaged
about 1600 cubic meters, while the conversion factor for
middle oil trom coal was 0,6 tons per ton, The conversion
of bituminous coal wag Quite high,. about 95 percent of the
~carbon being trensrormed into gaseous and liquid products,

At Scholven the hydrogenation plent operated at 300
atmospheres pressure, since a more active catalyst was used,
A mixture of tin oxalate and emmonium chloride, 0,06 and
1.0 percent, respectively, based on the welght -of coal wag
added to the paste, This catalyst gave the less favorable
conversion of 90 percent of the coal at through-put s compor-
able to those used in otiier plants, There were, however,
mechanieal difficulties in operation, since the chloride
was quite corrosive.(20) The two points where the maximunm -
corrosion ocecurred were in the preheater tubes, and in the
coolers where water starfed to condense and gave an acid
solution of chloride salss., ¢n account of the corrosion
difficulties, the tin-chlorine System was not popular in
Germany, and Scholven was the only plant sc operated,
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L. Description of Sump Phase Operations (b)(cont'd.)

Bituminous coal middle oils were richer in aromatics
and naphthenic compounds than those obtained from brown coal,
and the gasoline made from them had good octane ratings.

The description of the further processing of these middle
0oils to produce fuels is described in Section V.

(¢) Processing of Tars and Pitches.

The hydrogenation of coal tars and pitch played an ex-
tremely important part in the German fuel program for the
war, There were at lsast six large plants which processed
only tars and pitches from the numerous coke ovens, and in
addivion to these, nearly every coal hydrogenation plant
used some tar mixed with the paste to increase its produc-.
tion, Low temperature tar from brown coal was the prinelple -
raw meterisl, and this tar contained about 81 percent carbon,
1: perceat hydrogen, l.5 percent sulfur,@,5percent nitrogen,
and 6.0 percent oxygen. The rhenol contenit was about 10-15
percent.. ' ‘

The crude tar as received, contained about 2 percent
water and 1 percent of fine dirt. These materials were
gseparated in centrifuges, since it was necessary to remove
the water to prevent crusting and overheating of the tar
il the still preheater. The latter was caused by sudden
vaporization of the water with subsequent stagnation and
carbonizing of the tar, The dirt was removed to protect the
sump phase catalyst from being fouled and its activity re-
duced. After removal of the dirt and water, the purified
tar was distilled, giving a middle oil plus gasoline frac-
tion boiling bslow 320°C, and a heavy residue. This latter
material, which amounted to about 55 percent of the tar,
was treated in the sump phase, to produce additionel middle
0il. -

The catalyst must frequently employed for tar hydro-
genation was iron sulfide on coke breeze such as that obtaine
ed from coke ovens or Winkler generatars. About 0.5 - 1.0
percent of this powder was mede into a paste of about 40
percent concentration using freshly stripped tar residue oll
for a vehicle. This paste was mixed with about one hundred
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L. Description of sumpbPhase Operations (c)(oont'd.)

times its volume of heavy slurry from the hot separator at
the entrace to the heat exchangers ang pumped with thes
fresh tar through the uit. The catalyst concentration
therefore was about L5 percent of the tar feed.

The operation of the sump phase with tar was nearly the
Same as with brown coal, the chief difference being the
greatly reduced soligs Temoval problem, (See drawing no, 3)
A small bleed, corresponding to'approx1mately the quantity
of fresh cﬂtalyst'paste, was withdrawn from the hot separa-
tor and centrifuged to recover the 0il. A hot recycle oil
bump, located in the Sysuem, recirculated slurry from the
hot separator back to the inlet of the Preheatier and thus
increase the turbulence in the converters,

In general the hydrogenation of tars and pitches could
be classified into two ckief types or operation. The brown
coals tars wieich were 1low in asphalt (2-3 percent) required
less drastic condition than did the pitches and- cracking
residues waich were high in asphalt.  For materials in the
Tirst cetegory a reaction temperature of about 450-4600¢
and a pressure of 300 atmospheres were employed. The
through~-put of fresh tar averaged-about 0.5 tons ber cubie
meter of reaction volume per hour, and for each ton of tar,
approximately 1000 cubie meters of gas were circulated,

The heat of reaction was uch less, averaging about 120
kilo calories Per kilogram of middle 0il produced, and hence
the temperature control in the converters was much easier, -
Since cosl tar had a higher hydrogen centent and lower
molecular weight than coal, greater yields of oil could be
obtained than with coal, About 30 percet more middle oil
was produced in a given unit (that used coal tar) and the
hydrogen consumption was approximity 250 cubic meters per
ton of middle oil, or about 15 percent of that required for
coal. 1In generzl the brown coal tars were easily handled
in the sump Phase, and they were a desirable raw material

for gasoline nroducgtion,

The hycrogenation of high &sphalt tars ang cracking
residues was conducted at Lutzkendorf, where a Pressure of
700 atmospheres and a temperature of 5000, was required to
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L. Description of Sump Phase Operations (¢)(cont'd.).

give satlsfactory conversion. On acocount of the refractory
nature of the material being processed, the through-put was
low, It averaged about 0435 to 0,40 tons per cublic meter
per Hour. -4 very high hydrogen partial pressure (92 per-
cent) was maintained in Lhe gas in order too accellerate
the asphalt decomposition, but outside of the more drastie
conditions required, the rest of the operation was the same
as with brown coal tar,

The hydrogenation of pitch, as typified by the opera-
tlon at Welheim !See drawing no. 4) was conducted at 1,800
and 700 atmospheres pressure, The feed consisted of 60 per-
cent fresh pitch with a 70°¢ melting point plus 40 rércent
heavy recycle oil from the brocess, The. feed rate averaged
25 cubic meters per hLour of liquid, and 45,000 cubic meters
of gas were used per stall of four converters having a total
reaetion volume of 36 cubic meters. The hydrogen consump-
tion was considerably greater than in plants processing
brown coel tar, since pitch was a material relatively poor
in hydrogen. On the average, 700~800 cubic meters of ky-
drogen were required to convert ons ton of piteh to middle
0il and fuel oil, The overhead oil collected in the cold
separator was distilled to give a middle oil fraetion for
processing in the gas phase, while the residue was gsold for
fuel oil, This last operation was quite 4ifferent from that
practised in plants treating coal tars, since there the
distillation residue was recycled. The high asphalt content
of the piteh, and its low susceptibility to hydrogenation
made further treatment of the heavy o0il less attractive than
in the case of tar., With a market for fusl oil, this pro-
vided a convenient way of keeping the asphalt content in
the system from becoming too great. The gasoline produced
from piteh had a good actane rating on account of its high
aromatic content, The preparation of gasoline from pitch
middle oil is described in Section V.

2. Description of Gas Phase Operation,

As previously mention:zd, the burpose of the gas phase.
was to take the liguified zoal or middle oil from the sump
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