KESRARCH AND TEVELOPMERT, COAL-TO-OTL LATORATORINE AND PILOT PLANTS,
HRUCKTON AND PTTTSLURGH, BA.

Reaearch at the bBruceton, Fa,, latoratories and pilet planta on the ayn-
theals of llguid fuel from gazifled coal (Fiacher-Tropech and related procens-
ez}, on the productlor of llguld fusl by hydregonation of coal (Berglus and
related processes), ard on the geaiflication of c¢o2l In & vortez reacter has
1ed to developments of thecretlcal as well as practiesl lmportanco.

Synthoolzs of Lizuld Fusla from Hydrogen and Carbon Monoxids
(Fischer-Tropach and Relnted Progeases)

Progess Dovelopment

FIlot-Plant Operatlcnas

In the oil-circulaticn proceas that has been studied im the pllet-plant
gtage et the Coal-to-0il Iuburetorles of the Bureau of Mines, a mixturc of
earbon monoxlde and hydrogen (myn+hesls gae) flowe urward through the con-
verter, concurrently with the circulatirg oll, and the eynthesls taksa place
in the expanded {by the flowing oil] bed of catalyst. The heat of the exo-
thermic rencticn 1o traneferred te the cocllng oll, so that ne intarnal cosl-
ipg surtaces Arec needed. [Up 4o now, this process hasg been carsi=d oub in
gmall pilot plants. Thie year, a berral-per-day unit has beern zut Into
operatlon {see Tlg. 28}, No unusual difficulties werc cxporicnesd ln reming
this plant, which 1s about 13 timea lerger than those Traviously uaed.

To F11l the converter to a height of & fest, 307 pounds of aynthellc-
ammonis-type fused ca*slyst were reduced with hydrogen in twe batches. fter
go=percent reducticn, the calalyat wea atored under a lew-Toiling fraction of
aynthetic DMesel oll for sbout cne-hall year, Imductior, which rormally re-
quires about 4 days, took £ deya becounwe of trouble witk the carbon dicxice-
sbacrption avatem, Wken syntheals was started at Z94% ., (0 percont conver-
sion was attalced at sabout 4SO p.s.l.g., &n hourly space velccity of a0o0 of
fregh Q.7Hz:100 aynthesls gas, and & gry recycls ratlo of 1:1. A AsuroAse
in the activity of the catalyet aTter ahcut 1 week of 3ynthesle prohatbly wea
cauped by relatively large amcunts of cerborn dloxdds In tie roeyele gaa.
netal’aticn of B wore efficlent serutber ard re-reduction of Lie caftalyet
mada reaurption of the antheala ponaible, The experiment was terminated
af'ter £77 hours. During the test, the usege ratio h2d ncreased to about
0.GH~:100, the cencentraticn of lron in the recycle ofl had riaen, and the
average molecular welght of the product had incressed.

4 ascond eXperimsnt In tho beyrel-per-day plant, with 1H-:100 gan,
lag+ted 1,245 hours, It was terminatsd becauss of dlsintegration of the
eatalyst, of which enly sbout L5 percent had remainsd 1n the ecoverter.

The distributlon of the 1iguid znd solid hydrocarbons durlng steedy state
conditions waz 62.4 pereert granlire, 13.9 percent Diensl oil, 10.5 percent
heavy distillats, and 13,1 parcent waz. After ramovel of tho oxygerated and
& justment of the Reid wapor preasiure, the gosolline had &sn oclane oumbesr of
7T (vnleaded) or 87 (3 co. TEL added). The Diesel oil, boliing in the range
EGhﬁ—?Bﬁﬂ C., had 2 pour point of 0° F. snd a cetsne mwubsr of 73, which
exceada the nremium-grade speciflcation of the Navy by about 20 numbers.
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A smaller pilot plant was used to evaluate a fused catalyst, prepared
at the Demonstration Plant at Loulsiana, Mo., for use there. This catalyst
was similar to the commerclal synthetic-ammonia-type catalyst used exten-
sively at the Bruceton Station. Initial tests seemed to indicate that the
new preparatlon was not active enough, but subsequent runs showed that the
catalyst had been polsoned by the sulfur compounds (fig. 29) in the petro-
leum fractlon which was used as the cooling oi1l. Although the original
petroleum fraction impaired functioning of the catalyst, the used petroleum
fraction was not detrimental to the activity, probably because moat of the
sulfur had been removed in the first operatlon. When cooled with the used
petroleum fraction or with synthetlc oil, the catalyst made at the Demonstra-
tion Plant exhibited satisfactory activity and mechanical strength.

Laboratory-Scale Experiments

Catalyst-01il Slurry Frocess

This process 1s simllar to the oll-clrculation process, in 4hat the
catalyst 1s suspended in oil. Unlike the latter process, however, the slurry
operation involves use of a powdered catalyst. The modification of the proc-
ess chosen as most suitable for bench-scale work employs no circulation of
slurry outside of the reactor. A number of variables of this process werse
investigated during the year.

The activity of slderite was unsatisfactory, as only 20-percent com-
traction of the synthesis gas could be obtalned at 300° C., at 100 to 300
p.s.1l.g. pressure, and hourly space velocities ranging from 100 to 300.

Two experiments were made with precipitated-iron catalysts. In one run,
the dry catalyst was sublected to a "4yphoon" induction (high temperature and
high space velocity of synthesls ges) in a fluidized reactor (see fig. 30)
pefore synthesis. Synthesls was interrupted after more than 500 hours by
mechanical failure, after it had been established that as much as 88 percent
of the synthesis gas could be converted at 266° ¢., 150 p.s.i.g., and an hourly
gpace velocity of 150. Production of undesirable gaseous hydrocarbong was
qulte low.

The second experiment was begun by inducting the precipitated catalyst
in the slurry phese. Synthesis was begun at 100 p.s.i.g. and 253° C. When
the pressure was ralsed to 150 p.s.1l.g., the temperature could be lowered by
about 30° C. while the conversion was maintained essentially constant. A sub-
gsequent lncrease of the temperature effected almost 90-percent converslon of
the synthesis gas. Most of the increased conversion resulted in the produc ticd
of hydrocarbon gas. A study of the effect of space velocity on the product
distribution during this experiment showed that the formation of hydrocarbon
ges 1g not so much a function of temperature as it 1s of the amount of con-
versicn: At a glven temperature, less ghs was mroduced as the extent of con-
version was decreased by increasing the space velocity of the synthesis gas.

The difficulties initially experienced with settling of fused catalysts
have been overcome. To keep the catalyst suspended in the slurry, a suspension
aid - modified bentonite - was added to the oil, producing a gel of higher
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viscoaity tasn that of the normal slurry. It was thua poasible to make
uirterraptad exparimenta for 2 and 3 memths. About 5 percent of the o1l
praduct balls 1n the gasclins range, and less than 5 percent ls wax., During
the firat 2,000 houra of cne test, Tor example, sbout L75 pounds of liguld
end polid hydrocarbons and an estimated 29 pounds of oXysenfted compommia
vare synthenized per pound of 1ron; of the hydrocarbons, T3 percent were In 3
tha gsaclins range, 13 percent were Diesel ¢il, and on.y 2 Dercent wers wares.

High-Praasure Wized-Hed Irocess

The effact of preasure (in the range of 500 to 1,500 p.2.1,8.) tn the
oynthesle reection was atud’ed with fused rem catelyste {aee figa. 31 and 32)
thet had been nltrided and trested with synthesls gge at high apace veloclitiesm
and lower presaurss to stoid the possible clogzing of the cutlet of the re-
sctor by smuoniunm cerbonats. In ems auch experiment, the iren carbonitride
was used initlslly at SO0 p.s.’.g. and 206%-208° ¢, After 45 days, during
which tho preooure was varied betwsen 500 snd 1,500 p.e.i.p., s oteady ayn-
thesis tmmperature of 2L~ C-2L2® ¢, waz attained for about 60 percent conver-
sion of the 1.1H5>:100 gma {uasage ratio, {0.72-0,75). Comparlson with & teat
at 300 p.a.1.2. showed that the epproach ito steady-state conditions waz
apparently independent of pressmre. The pressure derendence of the rete cf
syntheala was found by varying the hourly space veloclty (172 to 411} to
nalnta’n otherwise constant conditdeme, Thiz Tuncticn 13 expreszed by

r=kone |,

H

whore r = resstlem rats (ce./kr.), k = specific reacticn-rate constant, p =
abzelate presowre (p.a.1,), and = = preasure cou’ficient., Whils haz
previcusly bean feund to be abeut unity in the presgmure rangs 100-200 n.3.1.g/.,
1t wag £.72 bebwsen 500 and 1,500 p.s.i.g. The effect of prensure cn the dis-
tribution of products was rather swall. As iz ususl witk fused Irom carhbo-
nltride catalyste, the percentage cf ciygenated produote wae high but dia net
change markedly with oresaure. Thers wes 1 alight tendsney towsrd productlon
of less methare and were liquid materlal st hlgher proassures, At tre zame
time, tke average mclecular welght of the 1Iquids and waxe= appears teo have
been lowersd somewhst bty ralsing the preseure, Furtker tests are ir Trogreos
Lo study the effect of pressure on synthesis with reduccd funed catalyeta.

Jatnlyat-Actlvity Toota

Of the Factors that determine the Quality of a gas-syntresls catalyat,
origln, and storsge and prelreslmert effects were studled (f:g. 23}, A com-
mersdally avarlatle Ixcr fluoride showsd no sctivity., A low-cost lron ore
was active but prodvced so mich meothare sa to be werthless for the sjmthests
of liguid fuelz. Seversl catalysts wers rrepared from mixtares of magnetlle,
potagoium carborete, ard ball clay i diffovent propertlens, Tieas catalyste
had kigh mechuniesl strength but operated at relatlively high temperatires axd
in nocat lnatances produced predanirantly gsescua rydrosarhona. 4After pliria-
ing, ene of these preparaticma opsrated Z0° O, lowor than previcouszly {for tae
gams contraction) ard produced 20 percent mora ghz.
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The effect of storage under oll on the activity and gelectivity of a
synthetic-ammonia—type catalyst was negligible for storage periods as long
ang 6 months. No difference was found between the storage qualities of crude
gynthetic oil (made with an iron catalyst) eand of oil washed with caustic to
neutralize sny acid, washed with water to remove the caustic, and dried to
produce & dry, neutral oil.

Cementlite was prepared by four different methods, using 2 fused catalyst,
and the effect of the method of preparation on the aynthesis vas investigated.
Partial carburization of the lron to Higg carbide and subsequent homogenization
(cementite formation) by annealing produced the most active of these catalysts
for use at 100 p.s.il.g. pressure. Direct formation of cementite by carburlza-
tion with methane and amnealing to cementlte of & mixture of HEgg carbide and
metallic iron in a used catalyst ylelded catalysts of lower activity., However,
the presence of magnetlte in the used catalyst may have had an unfavorable
offect. At 300 p.s.i.g. there was no appreciable difference in activity be -
twoon cementite prepared by homogenization of 2 mixture of Higg carbide and
metallic iron and cementite made by " typhoon” lnduction (see Catalyst-Olil
Slurry Process).

The activities of reduced, normally inducted, and "typhoon” inducted,
precipitated catalysts were also compared. "Typhoon" inducticn produced &
remarkably active catalyst. This enhanced activity may be due in part to in-
creaped surface resulting from mechenical disintegration of the catalyst during
1tg induction. The production of gaseous hydrocarbons was very low,

Reaction Mechanism Studles

Catalyst Compositlon and Reactivity

Further studles were made of the chemical properties of iron carbides,
which, while not necessarily catalysts themselves, are always formed as by-
products of the synthesis and appear to nave a profound effect on the activity
of iron catelyste. The rate of carburization with carbon monoxide of two
widely different types of catalyst obeyed the equation

_a(Fe) /at = k(Fe)?

at least up to about 50 percent carbiding and at gas velocitles vwhere trans-
port cammot be a limiting factor; here t = time, k = specific reactlion-rate
cmﬂmhaﬂ(h)=mhfmﬂhndmﬂﬂﬁchmrmﬂﬂm.TMsmmlm
permitted determination of the temperature and pressure dependence of the
initial rate of carburization. The activation energles varied between 27 and
32 kg.-cal. per mole, and the exponential factors for the pressure dependence
varied between 0.2 and 0.3, depending on the catalyst.

The effect of alkall on carburization of reduced lron catalysts over &
range of alkal! concentrations and carburization temperatures was to decrease
the rate of carbide formation (at least after about 50 percent of the lron
had been carburized), to increase the rate of carbon deposition (after car-
vurizetion was essentially completed), and to decrease the rate of reduction
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Figure 28. « Burrel-per-day Fi scher-Tropsch plant.



- Hydrogen sulfide analyzer.

Figure 29,




- Unit for fluidized Fischer=Tropsch process.

Figure 30.
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Figure 31, - Small fusion unit.
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