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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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DRANING No. 4

(Thls draw1ng has been inserted in an envelone
attached at the end of this report)
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5. Description of gas Phage -Operation (cont}d.)

phase and, by a combination of hydrogenation and oracking,
convert it into gasoline, At first this operation was .con-
ducted in one step over a molybdenum-magnesium-zince cate-
lyst (No. 3510) at temperatures around 460°C; This -catelyst,
- however, produced too much gas and its activity was rather

- lew, so that the through-put of o0il was ‘small, In 1933,
after laboratory tests at Ludwigshaven, the I.G. plant at
Leuna first tried pelleted tungsten disulfide catalyst (No.
5058) in the place of 3510, (21 This new materinl was about
three times as active as the first catalyst, and hence it
was possible to operate at & lower temperature and obtain

& superior product with better yislds., The tungsten sulfide
was very active in hydrogenating aromatics to naphthenes as
well as reducing phenols, nitrogen bases, and sulfur com~
pounds to hydrocarbons, However, the high propertion of
naphthenes and paraffins in the gasoline produced by thig
rethod gave a low octane number of about 60. By the addi-
ticn of lead this could be made into motor gasoline, but.
not aviation grade. The diesel oil on the other hand was
of fair quality, the cetane number falling between 35 and
50. . . . .

Sinoe the German emphasis was upon aviation grade guso-
line, a search was made Tor a catalyst that could convert ‘
naphthenes and normal paraffins into isoparaffins, In 1937,
Leuna started to use a tungsten sulfide-aotivated clay cata-

- 1lyst (No. 643L) to convert the product from the 5058 stage
into aviation gasoline. The unleadsd gasoline produced by
this material had an ootane number of 70 to 75, which by the
addition of tetraethyl lead, could be eagily raissd to avia-
tion grade., This latter oatalyst could not treat middle

01l from the coal Sump phase directly, since the ohenols

. and nitrogenous bases in. the 0il poisoned and drastically
- reduced its activity. - Therefore, it was necessary to pre~
treat the sump phase oil'with‘5058,catalyst to renove the
oxygen and nitrogen compounds before using the 64344 catalyst,
This resulted in g two stage gas phase operation vhich con-

- tinued with only minor changes throughout the war. However,
when .only auto gasoline or diesel oil were required, a one

_step process.using 5058 eatalyst was employed. - Otviously,

- .many variations of these processes could be used, depending
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5. Descriptioﬁ of Gas Phase Operation (cont'd,)

upon the particular demands, but ths use of 6434 o make
aviation gasoline, and of 5058 to make diesel oil and motor
gasoline became the basis of the German synthetic fuel pro-
gram for coal hydrogenation.

(a). Prehydrogenaticn Stage.

The feed for the prehydrogenation was usually middle
0il from the sump phase hydrogenation of brown or bitum-
inous coals and tars. To this was.added a recycle middle
0il from the distillatior. of the product. A typisal analy-
sis of a bituminous cosl middle oil was: specifio gravity
0.956 at 20° C.; aniline point -12,.5° C.; phenol ontent
17%; and distillation range 145-322° C.

_ The o0il was pumped up to the operating pressure of 300
atmospheres in large pumps quite similar to those used for
handling coal pasta, The maintenance on these oil pumps
was less, however, on account of the absence of solids and
the oonsequent reduction in abrasion of the pistens-and
packings. Hydrogen was next added to the oll from the pres-
sure header which contaired recyclo plus make-up hydrogen.‘9)
About 1500 cubic meters of gas containing between 70 and 80
percent hydrogen were circulated for each cubic mster of
0il feed, : :

Referring to drawing no. 5, which shows a typical flow
for the gas phase, it will be seen that the oil and ges
mixture entered the bottom of the first of two heat exchang-
ers, These pieces of equipment were built exaetly like the
ones used for the sump phase, and operated in the same man-
ner with the inlet material on the outside of the tubes
flowing upwards and the ocutlet products on the  tube side
flowing down., The sizes varied with the plant, but two of
the most common were the 500 millimeter diameter with 151
- tubes, and the 600 millimeter diameter with 199 tibes.

These two exchangers were both 18 meters long and had heat
transfer surfaces of approximately 145 and 190 sqiare meters,
respectively. A new design of the 600 millimeter heat ex-
changer had been. made in whioch there were 241 tubes having
a total surfuce area of 228 square meters. This later ap-
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(This drawing has been . inserted in an envélope
atteched 2t the end of this report)
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5. Description of Gas Phase Operation (a){cont'd.)

paratus had probably been planned for new gés phasa instal-
lations since its use was not in evidence in the plants
vigited,

With a-feed rate.of espproximetely 20 cubic mesers of
oil plus 20,000 cubic meters of gas per hour entering the
cold heat exchenger at near room temperature, . the heat trans-
fer warmed the feed to about 180° ¢. TIn the second or hot
exchanger the feed was further heated to about 300° C. The
overall heat transfer cocfficients were usually about. 250~
300 kilo calories per hour square meter degree centigrade
(51-61 BTU per hour per square foot degree Fahrenheit), al- .
though at times under favoratle circumstances the values
went as high as 400~500 metric units, ' :

As in the sump phase, it was necessary to give the feed
a little additional heating in order to warm it to the point
where the heat of reaction was suffiecient to ecarry Lhe tem-
perature up to the reaction zone. In the sump phate, gas-
fired tubular preheaters wsre used exslusively., -In the gas
phase, gas-fired preheaters similar to those employed in the
sump phase wers used in some installations, while in others
electrical heat was used, The former type has been des-~
cribed in section IV, but vhe latter equipment was employed
only in the gas phase operation.

The preheater consisted of four to six 120 by 90 milli-
meter tubes of N8 steel, approximately 15 meters long, en-
cased in a thin steel cylindrical shell. (See drawing no.
C-9 in Appendix €}, Instead of using heating elemeats, .the
tubes themselves were the electrical resistors, thus in-
creasing the thermal efficiency. Steel lugs were w2lded on
the outside of the tubes, and electrical comections were
made to them through bus bars backed up with steel plates,
The tubes were supported by ring clamps insulated from each
other and from the steel shell at the top end. Rock wool
insulation was packed arourd the tubes inside of ths shell
to reduce the heat losses. The transformers used to reduce
the electric current operated on a primary voltage of 6000-
7000 volts, and usually one was required for each pair of
hair pin bends or four straight lengths. The hot sids of
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the seqondery winding of the transformer was conncoted to
the binding post. conneoving the tops of the two inside
lengths of tubing, while the negative or groundei side of
the transformer wag connected to binding posts at the top of
each outside length, Thus the electrical current. flowed
through one complete #y" ‘bend , heating up the tudse by rea-
son of the IZR loSs in the steel, Fop obvious rsasons, a
low potential of about 70 volts and a high empere current
were employed in this type of apparatus, - In general the:
electrical type of heater was satisfactory when :ts linita-

. i ]

One of the big advantages of the-electrical type of ...
Preheater was that theé heat input could be quite accurately
measured, and thus better control gould be obtaired. "The.,
electrical type was also somewhat less expensive to builg,
and where the power load was not too high, the operating:. -
costs were Teasonably favorable, However, there werc sever-
8l rather sarious disadvantages connected with the electric-
al preheater, TIf the material being heated insid: the tube
started to carbonize,'polymerize; or cake on the walls in
any way such that the heet tranifer was reduced, then the
wall temperature of the tube increased, since the €lectrical
input remained constant, fhe highar wall temperaiure in-
creased the-local electrical resistance, so that the great-
est amount of heat was being liberated in the section where
the heat transfer was the lowest, and this stil] Tfurther
raised the local pipe tempsrature. 1If the ocontents in the
tube continued to cake op coat, as was usually the case
when the locsl temperaturss became excessive, ther the pre-
heater tubs woulg become neated to such 8 point that it
would rupture and possibly cause a serious fire, For this
.reason, the electrical breheater could be used only on clean
materials such as distilled oils, but even then gas=fired
Preheaters webs often used, :

Another liability, although ' not as great as tae first,
was caused by the increase in electrical.resistancs of the
steel with temperature. Thus the greatest heat deasity in
the tube wag at.the outlet end, whereas the reverse situa—]
tion would have been more desirable on account of carbonizg-
tion. 'This defeect was partially overcome by heating the
total length in short sections, as has been previously des-
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5. Description of Gas Phase Operation (a)(cont'@z)

cribed, -

The oil and gas after having been heated up SO0 approx-
imately 350° C. in the preheater entsred the firss of a
series of gither three or four converters. . The early con-
verters were packed solid with ‘catalyst, but the highly exo-
thermic heat of reaction caused. local overheating and made
the temperature difficult to control,. The next step was to |
introduce’ cold hydrcgen at several points in the reaction
zone by the use of internal down pipes of appropr.ate
lengths. This method worked moderately well for she less
active catalysts, but the mixing of the hydrogen and the
reation products was not as'good as desired, The more re-. .
cent designs, therefore, supported the catalyst on several
grates with a space between the top of one catalyst bed and
the grate of the next one above. Cold gas was introduced
to each section and mixed with the o0il and hot gas vapors
by means of baffles in the unpacked section, end bettor
control of the temperature was obtained.

The new converters used for the gas phase hycrogenation
(See drawing nos."C-10 and C-11 in .Appendix C) were forgings
of 52 steel, 1000:milliméters internal diameter by 18 meters
long, and were fitted with an internal lining of c¢iatomite
insulation 65 millimeters thick, similar to that tsed in the
sump phase converterS, 4 thin stainless steecl lirer was -
used inside of the insulation to contain the reaction mater-
ials and resist the corroasive attack of high temperature hy-
drogen and hydrogen sulfide. The catalyst was held on
grates, usually seven in number, although some decsigns used
as few es four., These grates consisted cf a serics af steel
strips set on edge with parallel spacing of-about 10 milli-
nmeters, The ends were welded-to the internal circumfer-
vnce of a steel hoop. Fastened to the lower sids of the
grating were two sets of baffles with slots set 90° to each
other, Under the baffles was a perforated distributing
plate. The previously mentioned cold gas lines were brought
in through the top -head and carried down in the insulation.
“lining to points between the catalyst grates and the baffles,
One line was used for each catalyst bed except the bottom, -
and the ccoling gas was introduced through the stainless
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5. Desdilpfidn;df'dés'Phééé‘Opefééion'(a)(cont'd.)

steel liiner into -the space between the baffles and the grate,
The thermocouple well was located in the center of the con-
erter and temperature measurements were- taken at the en-
trance and in the middle Of.each cataelyst bed., The materials
of construction of the internal parts were of stainless

. Steel when available, but galvanized N5 steel was used when
the former was unobtainable, - : -

. The early catalytic converters employed an upward flow
of oil and gas, but it was found that the dust formation
vas too great, especially with the lighter catalysts, due to
agitation of the rarticles by the ascending gas stream,

to & couverter, the difference depending upon whether seven
or four beds were used, The 800 millimeter converter was
~ construeted like the one just described, but of course the
catalyst volume was less,,amounting to about 5 cubic me'ters,

- The standard prehydrogenation catalyst consisted of
eylindrical pellets 10 millimetors in diameter by 10 milli~
meters high of tungsten disulfide, Thisg material was pre-
pared by-dissolving tungsten trioxide in ammonium sulfide
solution, and heating the resultant anmonium thiotungstate
in a stream of hydrogen to give tungsten disulfide. This
material was pellsted and used for the prehydrogenation
stage.(2l) For more complete details on the preparation of
5058 catalyst sece Appendix B. During the war tungsten be-
came quite searce in Germany, and hence research work was
condueted to find a substitute catalyst which could replace
5058,(22 ‘One of the bettsr new materials was prepared from
activated alumina plus 25 pefge?t of tungsten sulfide and

3 percent of nickel sulfide,(<23) mhig connposition, called
78L6WR50, was more active than 5058 in hydrogenating the
lower hoiling constituents in the oil, but less active in
the reduction of phenols, &and.it was much weaker as a crack-
ing catalyst, The usual bractice was to use a combination
of 5058 and 7846W250 in order to teke adventage of the good
oharacteristics of cach,

The standard method cf opsration was to Pill all con-
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5. Descr;ption of Gas Phase Operationl(a)(cont‘dm).

verters with 5058 catalyst and use a pressurs of 300 atmos-
pheres and a temperature of 390-410° ¢, However, good opera-
tion was obtained when the first one or two converters were
charged with tungsten disulfide and the others with 7846W250.
The advantege of using the 5058 first was that it partially
Teduced the phenol content of the oil and made the tempera-
bure easier to control, whereas if the diluted catalyst had.

. been used first, about 90% of the phenols would have been
reduced in the first converter and the. sxothermic heat of
reaction would have been difficult to dissipate.

When the prehydrogenation stage was properly opereted
~at a temperature not oven 4102 ¢. the ges production was
quite low, znd the concentration of ¢ and,CA hydrocarbons
was very high. Abtout 10 percent of tge carbon would be con-
verted to gaseous products of which about 50 percent wopld
be €z, 20-30 percent C3, and the rest Cp and Cy. The 4 cut
contéined about 40 pertent isohutane which was useful for
alkylation. The liqui¢ product from the prehydrogenation
stage contained about 10 percent aromatics, AQ percent naph-
thenes, end 59 vercent pereffins.  The normal catalyst life
was at least one yszar, but under favorsz le conditions it
might last two yezrs. o
The mechsnical operation of the Ees phase was very

similar to thsat of the sump phese.  The through-put of oil
averaged about 93.6-9.3 kilograms per liter of catalyst per
hour, and the ratio of £2s added ss recycle was about 1500
cubic meters of gas ver cubic meter of oil. An average
krourly through-nmut, thercfore, for a gss stall having four
converters of 2¢ cubic meters catalyst volume, would be

20 tons of o0il nlus 30-35,000 .cubic¢ meters of recycle ges
having o hydrogon content of 30-85 percent. Approximately
2G,000 cubic meters of cooling gas would be divided between
the four converters fer temperature control. Fach of the
catalyet bede hed its indivigual cooling ges line, and by
reguiating the amount of gas introduced iato the baffled
vapor mixing chember below each bed, it wss possible to keep
the temnersture under control, As previoucly mentioned,
the usual flow was from top to bottom to orevent dust forma-
tion due to attrition of the vellets, The heat of reaction
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5. Description of Ges Phdéé'oberatipn (2) (cont!d.)

in the prehydrogenation stage was highly exothermic on ac-
count of the large smount of hydrogen added in setureting the
products. The hydrogen consumption was about 500 cutic
meters per ton of middle oil, and the heat of reaction was
about 100-150.kilo ealories pér kilogranm of middle oil.

About one cubic meter of wzter was injected into the
hydrogenated middle oil. and ges vapors after leaving the lest
converter to prevent salt formetion, and the products were
then cooled by countercurrent heat exchange with the inlet
meterizl, This was followed by a final cooling with wzter <dn
a set of four to six perallel trombone coolers. The condens-
ed oll was separsted in a cold cateh pot, eand the gas recir-
culated without any purification. Where the same gas com-: -
pression system was used for both the prehydrogenation and
gesoline production stages, 2 water scrubber was used to re
move the ammoniz {rom the gas, but where each gos system was
separate, 1t wes not nceassary to use the scrubbsr. Usually
the outlet and inlet gas lines from several stalls operating
_ on the same meterial wer:z conunected to 2 menifold, and e
Dbooster compresser wes used to make-up the pressure drop in
the cycle, S

The liquid product from this stege, after reduelng the
pressure, was distilled (zs described in Section VI) into
gasoline which hac en E.». of 165° C. &nd the low octene
nurber of 60. This gasoline could be improved by the 24di-
-tion of tetrzethyl leed %o meke 2 satisfactory motor gaso-
line. The mors modern trestment, however, was to take t?e
prehydrogenation gasoline end trest it in e D.H.D. plent(24)
in order to dehydrogenate nophthenes. to aromatics 2nd iso-
merize some of the normel paraffins to- isoparaffins. By this
treetment the octane number of 5058 gesoline could be reised
- to ebout 80,

The freetion of the nrehydrogenation product boiling
hizher than gzsoline was called middle oil B. This materiel
wos high in naphthenes ond pereffins znd hence & satis-
‘factory diesel oil could be made from it. When the latter
wzs desired, a side ‘stréém boiling from 200 to 3000 C., was
withdrewn from the still and sold. This diesel fuel had a
cetane number of sbout 3% to 50.
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5.

(b) Gasoline Production Stage.

In the earlier days of coal hydrogenation the intern-
al combustion engines did not require as high quality fuels
a5 were needed during the war. It was possible therefore,
to use the gasoline made by the tungsten disulfide catalyst
directly after the addition of lead. Leter, however, when .
aviation gasoline of 87 to 100 octane was required, it wes
necessary to use another stege to convert the middle oil B
into aviation gasoline. - .

The mechanical equipment and method of operation. of
this second or gasoline production step were identical with
those used in the prehydrogenation stage, and hance will
require very little explanation. The catalyst for this pro-
cess (no. 6434) consisted of 10 percent tungsten -sulfide
plus 90 percent activated cley mzde into eylindricel nellets
10 vy 10 millimeters. Fullers earth was activated with &
hydrogen fluoride solution and a solution of cmmonium thic-
tungetate in ammonium rolysulfide added. After evaporating
to dryness the product was heated in & hydrogen atmosphere
to give tungsten sulfide and clay., The mixture was then
pelleted znd ready for use. For morc complete details of
.the method of breparation, see Appendix B.

The middle oil from the prehydrogenation stage was

- mixed with recycle widdle o0il from the g2soline stage and
processed at about 400-420° ¢. and 300 atmospheres pressure,
The oil throughput was about 1.2 kilograms per liter of cate-
lyst per hour, or 30 to 35 tons per hour in 2 four converter
stall. .The gas requirements werc decidedly less, since the
hydrogen'consumption was about 200 cubic meters per. ton of
feed. The totsl £#5 recycled with the feed averaged about
20,000 ecibic meters, while only 6 to 7,000 cubic meters of
hydrogen were required to control the temperatures in the
convertars, . o :

The sulfide catalysts required e partisl Pressure of
hydrogen sulfide in the goseous products in order to prevent
reduction of the tungsten sulfide to inective metel. The
Sump phase middle oil usually conteined enough sulfur com-
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5, Dgggripti_g__g_gg§_£hase eration (b cont'd,)

bounds, whic upon hydrogenation suponlied sufficent hydgro-
gen sulfide to meintain the activity of the 5058 catalyst,
The feed fop the gesoline stage, however, was ne&srly sulfur
free, zng it was necessary to add hydrogen sulfide to the
reactor. Hycrogen sulfide coyld be added in any of severai
Weys, such ag mixing with the feed €5, pumping liquefied
hydrogen sulfide, or by using a hydrogen—hydrogen sulfide

£2S mixture fop cooling in the converters. fThe letter method
wes quite populer, since it reduced the corrosion in the

0.5 &znd 1.0 bercent, eines the last 1 Percent only addeq
slightly to the ecetivity. J ‘

This catalyst wag very ective in opetiing naphthenie
rings, in reducing the moieculer %oelght of the oll, end in
converiing normal paref'fins o isoparaffing. Despite the
>racking thet occured, only » small amount of g£as wes form-
ed., Approximaﬁely 8 bercent of the cerbon dn the o1 ves
converted tg g25eo0us nroducts which anelyzed about 70 ner-
cent C4» 20 percent C3, and 10 percent €y ang Co. The C
cut furthermore conteined approximately 75 nercent isobu-
tane. The Cs froction of the posoline contained 80 nercent
iso and 20 2ercent normal lentene, ALl of these results
were achieved only when the catilyst weg Properly operated,
If the catelyst was accidentally poisoned and the tempera-
ture wes r2ised, then the Yield of methere increased, and
the retios of 180 to normal paraffing droppad sherply, mhe
normal 1ifs of 6434 cetalyst was zpoyt one yeer, tut much
dependeg unon the type of feed. Unless the Phenol, nitro-
€en, and high moleculer welght eompoungs Were kept to o
minimum, the loss of eetivity was 2pid.  The first two
types of compounds ceused 2 temporery loss or activity,
therges the letter forned eondensetion pProducte thot could
not be desorbed, #nd thus csused permanent impsirment,

The liquig product wviog distilled to broduce sviation
£asoline ang kiddle oil B fop recscle.  The gesoline had an
Z.P. of 1500 ¢, &nd an octane number of 70 to 75, (Later
in the wer the E,p, V&S relsed to 1759 ¢, g incresse pro-
duction.) 7The lower octone velue wog obtained frop brown
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5.  Descrintion of Ges Phase Operation (b)(cont'd.)
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coal and brown escl tars on ceount of the high peraffin
hase, whereas the condensed ring structure of -bituminous
coal pave o naphthenie type of gesoline with a higher ret-
ing. By the addition of 0.12 volume percent of lead tetra-
ethyl, the octsne retings were raised to between 89 and 92.

Seversl variations of the gesoline production stege
were used. -Among the more important were the use of 5053
cetalyst to make gesoline, and the treetment of brown coal
tar middle oil without prelydrogenation. 1In the former cose
the temperature wis usuelly reised to about 420-430° C., and
the résidus middle »il recyeled so that the end product was
E=eoline that could be converted into aviation fuel by DHD
or leaded to motor grode. Since the DHD process could pro-
duce gasnline with an antiknoek rating of 78 to 80, the
single high pressure S%SU for gasoline production wae being
more ¢xtensively used. 4) .

Since co2l tars did not contain o very. high ‘percentege
of phennls or nitrogenous bzses, seversl plents treated the
mixture »f widdle 2il from the distillation of the rew tar
end sump phase praiduct directly over the 6434 catalyst, thus
producing gasoline in one gos phzse step. The through-nut
was lower ond, as must he expected, the catalyst life was
shortensd, but o seving in investment cost wes realized.

The octene rating of the prs was slightly poorer, the velue
being 69, but this eould be.mede into an acceptable evia-
tion fluld by rzising the ootene t- 89 with the addition of
lerd. ‘

The Ruhrél AC had a quite different method of pro-
ducing gasoline from middle oil obtained from the sump phase
hydrogenation of pitch. They had developed & molybdenum-
zins-chromium-activeted clay catalyst which was packed in
2 continuious bed in each of four converters with four intern-
el tubes per converter to introduce cooling hydrogen at
suitable points in the beds. (See drewing ro. 6) The feed
averaged 14 culbic nmeters of nil plus 30,000 cubic meters
of gas per hour, with en additional 7-8,000 cubic meters of
zes for temperature control in the converters. The recction
temperature was approximately 500° C. 2nd the operating pres-
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(This drewing has been inserted in en envelope
attached at the end of this report)
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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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