5. Description of Gas_Phese Operation (b)(cont'd.)

sure was 700 atmospheres. The equipment and method of opera-
tion, outside of the details mentloned, were quite stendard.
This catalyst was not nearly as active as the tungsten-
containing ones, and hence the higher temperature was re-
quired to produce a suitaktle reaction velocity. At 5000 C.,
however, the ecuilibrium wes unfavorable for complete hydro-
genation, so that the resvlting gasoline was rich in aroma-
tics. Thus & product waes produced that had an octane rating
of about 80 which could be raised to 92 by the addicion of
lond

Wore complete details, including tables of znelyses, on
the various products produced in the gas phase mey be found
in Section X,

6. Hydrogenction Products Separation.

fa) Gaseous Products.

the principal constituents in the geses from the vari-
ous vhases of the hydrogenation process consigsted of setur-
eted hydrocarbons methene to butesne 2ad higher, cerbon diox-

c.

[..z

¢, cerbon monoxide, ammcnia, ond hydrogen sulfide to-
ther with hydrogen and & little nitrogen. 1In generzl the
ses were divided into two groups, celled leon and rich
pending upon the relstive amounts of proprne end heevier
vhich they contained end the degroe of saturation. The
'ﬂountv of heevier hydrocerbons ciorried by the geses de-
pended unon the temperature end pressure of the mixtures, or
more simply on the ratio of the narulul pressure of each
constituent to the totel yressure. Gases from the inter-
nmediate expansion stages (50 atm.) of the cold and inter-
mediate sepzrator - oils and circulsting gas stream scrubber
liquid were usuelly used for fuecl directly. Since they con-
fz inad chiefly hydrogen znd methane, theve were insufficient
heevier hydrocsrbons to werrant the expense of tresztment.
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The gases from the atmospheric vressure gas-liquid
zeparators in the light oil and solvent systems nreviously
mentioned ware combined into & rich gos frection. When an
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6.  Hydrozenation Products:3eperation (a)(cont'd.)

intermediate expansion of liquid from 50 atmospheres to
ebout 5 atmospheres was used ahead of the firal atmosoheric
pressure brezk down, the ges from this 6 atm. stage was also
corbined with the rich gas fraction. These gases contained
the mejor portion of the provpene and butanes produced during
the sump 2nd gas phase overations, and were trested to re-
cover these materials.

The first step usually was an +£1lkazid treatment to re-
move hydrogen sulfide and carbon dioxide from the gases.
The /lkazid process consisted in "scrubbing" the geses with
en alkeline solution of either slenire or -glycocol derive-
tives in e system that operated in approximately the same
émner as the conventional triethenolemine process. Further
cetails on this step may be found in the gas purificetion
section of U. 8. N¥aval Technical Mission in Europe Report
entitled "Production of H%d ogen and Synthesis Gas from
2olld- and Gascous Fuels", 9§ : .

. - The gases were next trected in & combination absorption
ristillation column at 15 stmospheres to remove the gasoline
fraction which consisted of pentesnes end heevier hydro-
cerbons.  The lighter hydroczrbons and hydrogen wers then
given a water wesh under pressurc to remove emmoniz before
they passed to the butane cslumn, In this unit butane and
whe small emount of pentane in the gas were removed from the
ase of tae colum while the lighter msterials passed on to
the propane column. Here the gases were sevarated into fuel
g¢s end propane fractions. If desired the ethane eould be
separated from the fuel gas, but in most plants this was not
done,

A1l of these hydrocarbon ges separations were ner-
formed in conventionzl equi-ment and according to standard
rrectice, hence, there is no necessity to go into fur<her
tetsll concerning the technique of operation. The propane-
tutenc frection was either ~rocessed into high octane
zviation gssoline by slkyletion or polymerizetion or com-
nressed, liquefied, end sold as motor fuel (Treibstoff),
The output of this latter fuel usually arounted. to about
10 vercent of the gesoline production and hence renresented
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6. Hydrogenstion Products Separation (a)(eont'd.)

a sizeable contribution to the Cerman fuel progranm.

{b) Liguid Products.

The liquid products described in this section were those
obtained from the cold and intermediate separators in the
sunp phase and the cold separator in the gss phase. The
treatment of the hecavy oil slurry from the hot separator is
discussed in Section VII, The liquid products from the cold
serarator were expanded ta atmospheric pressure and the gas
~removed for separate treatwent as has been previously des-
crived. The oil and water vhases were then separatad by
deczntation. The water, contzining phenols, hydrogen sul-
‘Ylde, carbon dioxide, and ammoniz, was ususlly treated with
elther tricresyl phosphate or vhenolsolvan solution to re-
rove the phenols In the same menner as aqueous liquors from
coking plants: Then the water was given an Alkezid treat-
uent to remove the hydrogen sulfide before discharging to
evoid polution of the river. Further details on the treat-
gent -of water prior to discharge from hydrogenation plants
r2y be obtained in U. S. Naval Technical Hission in Europe
ievort No. 87-45. (15) ' .

The 0il phase from the sump stage cold separator was
~ent to the "A" distillation unit. Sec drawing no. 7 for
& diagrammatic flow sheet of the distillstion process.
Here the crude oil was partially preheated by counter-cur-
rent heat exchange with the vanors from the still and then
tne hot still residue before it was further heated in a
gas-fired preneater. This unit was similar in principle to
the prehcaters used in the gas and sump phases of. the hydro-
genation process. About 10 percent of steam was injected
vith the oil during the preheating in order to reduce crack-
-ng of the oil and carbon deposition on' the tubes. The hot
imed then entered & packed distillation column where it was
seperated into middle oil "AM and residue fraction.

The fractionating column was about two meters in dies-
neter by 30 meters high and packed with Raschig rings. With
5 reflux ratio of 2 to 1 the average through-put was 65 tons
per hour, the mazimum 80 tons per hour. The end point of
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(This drawing has been inserted in an envelope
attached at the end of this rcport)
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6. Hydrogenstion Products Separation (b)(cont'd,)

the heade product was ususlly held at about 320°C, and the
'separation was such that there was an overlap of about 100¢
between the end point of the middle oil and the initial of
the residue. The vapors were condensed in a series of three
units, the first using the crude feed as the cooling medium,
and- the latter two using water. The gases were sent to the
rich gas separavion unit and treated as previously describ-
ed, while the middle oil was separated from the water. The
latter contained sufficieant phenols so that is was treated
to recover these materials in the same manner as the aqueous
phase from the hydrogenation units.

The whole distillation process was quite conventional
and simple. The* fractionztion was not very sharp, since the
rrinciple object was to produce a light oil for the gas
phase process, that was free of high moleseculer weight tarry
materials. The condensed oil collected in the first or oil
cooled condenser wes usually blended with the rest of the
oil, but pert of it could be kept out for pasting purposes
if desired. The residue was used for pasting in the sump
phase.

The distiliztion of the ges nhese cold separator pro-
duct wes conducted in essentially the seme - type of apparatus,
mut there were nmore varictions depending vron the desired
~products., When brown coal or brown coal tar was hydrogenated
the product of the 4058 prehvdrogenation stage wes often
frectionzted in%to = gacollne of 140-1500C E.P. which was then
processed in the DHD unit to meke aviation gcsoline and & re-
sidue of middle oil B for trestment in the 6434 stage.
Sometimes & portion of the middle oil was token out as diesel
fuel, a cut from 200°C to 300°C usually bsing removed for
thie purposc. When bituminous cosl wes processed, it was
customery to pass the whole product of the 5058 stege to
the 6434 stege unless e DHD gesoliue stock was removed.

The o0il product from the 6434 vhase was also distilled
in eimiler equipment to produce aviation gcsoline of 150-
1650C end voint end middle oil which was recyeled to the
same hydrogenztion stege. The gesoline wes stabilized end
the lighter materials sent to the rich gas treatment unit.



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-





