ﬁiiﬁﬁﬂ%@!&@ma

| Je  General Qutline of Hydrogenation.

- The hydrogenation of coal was performed in two stages
since it was impossible to treat coal directly with active
catalysts without gubsequent loss of catalyst activity due
to fouling of the surface, Therrefore, in order to préduce
high anti-knock gasoline the eonl was first liquefied and
the resultant low molecular weight, clean oil was destrue-
tively. hydrogenated over active catalysts to produce a gaso-
line of goud octane number,

The first stage of the provess was commonly called the
sump or liguid phase (see drawing No. 1), After the coal
‘had been dried and crushed it wes mixed with heavy recycle
0il from the process and ground into a paste. Usually about
two parts of coal were mixed with thres parts of recycle oil
plus small amounts of catalyst, The resultant viseous paste
wag raised to the operating pressure of either 300 oxr 700
atmospheres in large, hydraulically-operated paste pumps,
Most of the plants operated the sump phase at about 700 at-
mospheres since both the through~put of coal and the de-
composition of asphalt were higher. fThe paste was next mixed
with recycle hydrogen and passed through heat exchangers
counter-current to the outlet products from the process,

{depending upon the Plant) of the heat required to bring the
paste-gas mixture up to temperature. The additional heat was
supplied in a“tubular, gas-fired preheater,

_ The paste left the Preheater at a temperature of about
4259C and entered the bottom of g series of thres or four
large, - unpacked converters. These converters were large
steel forgings about one meter inside diameter by 18 meters
long, internally insulated to maintain a relatively cool
bressure shell. The hydrogenation of coal was a highly
exothermic reaction, and hence sufficient heat was liberated
%0 raise the feed to the reaction temperature of about 470-

verter, e temperature wag controlled by injecting cold
hydrogen at three or four different points in each converter,
During the passage of the paste-gas mixture through the

reactors, about 95 percent of the carbon in the coal was
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DRAWING No. 1
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3+ General Outline of Hydroéenation'(cont'd.)

converted to gassoug and liquid Products, ang these latter
were destructively hydrogsfiated to lower molecular‘weight
-products, Thus the material leaving the last converter
-after a contact time of about . ong hour gt appreximately
4759C hed & viscosity hear that of water, SR

The 0il and gag,pext‘éhtered‘a hot separator whioch was

products and the liquid plus so0lids were separated. Tn the
process of separating the twe Phases, g large. proportion of
“the more volatile o]l constituents were stripped out and

) jcarried'along‘in'the gas stream, The hot Separator, there-

partially coolaqd by countér-current'heat exchange with tlhe
“incoming paste and gas and then glven.a final tooling in g
Water cooler. The condensed,liquid was collected in a eold
‘seperator, while the gas was purified in a o] scrubber and -
riocyeled in the process, The condensed 0il wag expanded

" stepwise in eithep two or three stages to atmospheric pres-
sure, . The gas evolved from the Pirst. expansion was lean in
higbe;'hydrOcarbqns, and 1t was usually used for fuel, mme
gases from the other stages were treated to recover the (3
and C4 fractions which could be used as alkylate.or‘bottled
gas for vehicles, The 01l was distilled and- produced a -
light heads product with an end point-of about 3250C called
middle oil A, fhe residue oil was recycled for pagting of
fresh coal; ’ . R o

. _The heavy slurry in the hot. separator contained the
solidS;left,from_the hydrogenation reaction, These .s0lids
were largely catalyst, ash, and unConverted»coal, and"
amounted to about 20-25 percent welight of the slurry, This
material was cooled.to about 2000C ang then expanded to at.

The viscosity of the slurry was cut by -the addition of about
5 percent of 8-1ight oil, sueh as middle oil 4, and the dj-
- luted mixture fed to continuou$~ceqtrifuges.-'These machines
“Were conventional high gravity,. automatip solid ejection-
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3. General‘Outl;pe»of.Hydrdgehation (cont'd.)

typs centrifuges, and they produced a clarified oil contain-
Ing about 5-10 percant of finely divided solids and a re-
sldue that had'a colid content of 35.-40 percent. The oil
wag recycled for pasting purposes while the thick residue
was coked in a steam distillation unit to recover .doous.75
percent of ths oil, This latter oil was also used for past-
ing, while the dry residue was sither discarded or mixed

‘with coal and-burned,

The middle oil A which-was the chief product of the
Sump. phése, contalned too much oxygen, nitrogen and sulfur
compounds to be used dirgctly'for,gasoline,:‘Hence, it was
necessary to reduce these compounds and add more hydrogen in
order to -make- satisfactory fuels,' This part of the procass
was called the gas phage  and was usually conducted in two
stages vwhen aviation gasoline was 8esired. The oxygen and
nitrogen compounds existed in the sump phase 0il mostly as
phenols-and’nitrogen_basep;.peapéétively. As they were
'poisons'for'the'éctive3catalxstfemployed in the gescline .
produotion stage, it was necessary to remove them,. This was
accomplished in a catalytic prooess called the prehydrogens- -
tion stage, This operation was gonducted at 300 atmospheres
and 400°C over pelleted tungsten sulfide (catelyst 5058) in
a plant: that was much like the sump phase. These converters,
however, were equipped with trays to hold the catalyst. Be-
tween eash two catalyst beds was a system of baffles which
served to mix the hot oil and gas vapors with coid hydrogen
introduced to control the temperature,  Usually three or
four converters connected in series were used in this stage
and a contact time of atout 1-1/3 hours was sufficient to
hydrogenate the aromatics to naphthenes and to reduce the
oxygen, nitrogen, and sulfur jcompounds to hydrocsrbons with
the formation of water, ammonia, and hydroger sulfide, res-
pectively, : . 3 . :

The temperature was purposely held ‘low in this stege

. to avoid excessive oracking, since the function of the pre-
hydrogenation step was only to saturate the oil with hydro-
gen ‘and to destroy compounds which would poison the gaso-
line production catalyst, - The products of the 5058 stage
were distilled giving a small gasoline cut which could
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3, Gene:al Outlihe o:,szrogqnatioh (cont'd, )

either be blended with élkylate.or processed in the next
stage, Ir desired, dfesel o043 Qqud‘be~removed es a frace
tion boiling pver 20090,.tusua11y, however, most of ths
diesel 0il was left in the middle o041 8 fraotion boiling
over 150°C and was Processed in the next stage to make avia-
- The middle oi} B, which consisted 0stly of naphthenes ‘
end normal paraffing, wag Ureated in the gasoline prdduction
stage: over a catalyst consisting of tungsten sulfide ‘and".
- activated clay (catalysi 6435), The equipment for the pro-
0css was similar to that uged.-in the 5058 stage, but the
temperaturs was g little higher, about 42590, The of)
thro ughput “wes g little greater so that the contact. timg
averaged about ons hour, The function of the 6434<capalyst
was o crack open the hephthenic rings ang 1o 1somerize,nor-
mal reraffins to iso-paraffins. At the same time 'a reduc-
~ tion in the average molecular wolght of the oll ocourred go
that a hugs fraction of the o1} bollirz over 2000 was con-
verted into-gasoline, «The liquiq produet from the gasoline
stage was distilleq to give aviation gasoline that had an
unleaded cetane number of 70, o 75+ .The addition of 0.12
vol% of lead tetasthyl increasaq this value to- betwaen 9o
ard 95, ‘The heavier 01l left after the removal of the
gasoline fraction wag recyocled together with fresh:middle
vil B to the 6434 stage, - _ . B

As mentionsd 4in the inproduction, & considerable frac-
tion of the German gasolins Bupply was produced by the hy-
droganation of tar and piton, ‘These materials.were‘easier
to handle becayge they were already in a.liguid state, and
hence the mechanical problems'attendentgon\the-solids-remcvf'
- al were much simplified, Furthermore, the.hydrogen‘centents

were greeter in these materials than in ¢oal, thus both the

by coking were greatly réduééd,' R |
: Tars and ‘piteh were handled. in a tWo step prooess in ;

huch the same ‘manner as.the ¢dal, . The orude- tar.vas-given

‘an- initial distiliation to,remove the gasoline ang middle

0ll, e latter§treated‘either directly over 54,34 oatalyst,
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3, General'Ohtlineaof_gydrogenation (oont'd.)

i the phenol and nitrogen.contents wers low or given a pre-
‘hydrogenation treatment as was done with sump phase oll from
coal -If they were too high. The-heavy distillation residue
was processed in the’sump.’thase undér conditions vory simi-.
lar to those employed with. coal; although the through-puts
were a little greater. The treatment of the sump phase
middle oil was usually carried out direotly over 6434 cata-
lyst, as the phenol and nitrogen contents of the oll were
low, . The yields and quality of the gasallne so produced
were inferior to that produced where. a prehyGrogenation .
stage was used, but a considerable saving in investment was
realized by ‘the elimination of one high pressure operation,

, A new process to produce lubricating oils by hydrogenas
‘tion was developed in 1936 by the I.G. Farbenindustrie :and
first put into plant operation at Zeitz in 1939. The low
temperature hydrogenation process (known as T.T.,H.) treated
brown coel tar over an active catalyst such as 5058 in the
sump phage at.390-410°C and 300 .atmospheres pressure. Very
littls cracking oeceurred, but instead i refining of the oil
took place through ths elimination ‘of oxygen, nitrogén, and
sulfur, Brown coal tar has a high paraffin content, and the
purpose 'of the T.T,H. process was %o preserve the yparaffins,
while hydrogenating the aromaties to naphthenes. .Therefore,
if the temperature was allowed to rise,. the yields of lube
oils and paraffih wax decreased,  and greater quantities of
diesel oil and gasoline were produced, The diesel oil mapu-
~ faotured by the process had a cetane number of sbout 50 and
_ the lube o0ils had a V.I. of 60-80. ' . o

. . Another new process which attracted quite a lot of at-
_tention in the literaturs, but which actually played a very
minor part in the German fuel program; was’the Pott-Broche
process for the extraction of bituminous coal, only oas
‘unit had been built and the output from this unit was large-
1y coked to make electrads carbon, " In practice the bitu-
minous coal was extracted at about 100-150' atmospheres prege
. Bure and 420°C inthe: 1iquid phase using a tetralin-cresol

" mixture.. The product was filtered ‘to remove solids, the
gsolvent distilled off ‘and reoycled, and. the asphalt-type -
residue processed in the sump phase like pitch, The opinion
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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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