Making and Reducing Catalyst for Synthesis Operations

The catalyst fusion unit (see fig. 19) was described briefly in the 1950
Annual Report. The process for manufacturing synthetic ammonla-type fused
iron oxide catalyst was novel in two respects., First, a commercial mill scale,
economical and readily cobtainable from steel rolling mills, was employed as the
base material in place of magnetic iron oxide from the combustion of iron in
oxygen, which had been used In the past. The mill scale was found to be pure
enough for the purpose, although the ferrous:ferric iron ratio varied scomewhat
from a pure magnetic iron oxide. Becondly. the ferrous:ferric iron ratio was
adjusted in the treatment, sc that the proper ratlo was obtalned 1n the finished

catalyst.

In 1951, 75,800 pounds of sized, unreduced catalyst was produced at a cost
of $0.16 per pound, This cost does not include amortization of the plant but
includes all cther known elements of cost, such as materiasls, labor, utilities,
and miscellaneous expense.

The catalyst-reduction unit was tested thoroughly in preliminary opera-
tions with sized sand spproximating the size of the catalyst, and the apparent
operational difficulties were determined and corrected. A total of 27,800
pounds of reduced catalyst was made.

Some difficulties were experilenced In early operation of the catalyst-
reduction unit. One of the most serious was deposition of carbon on screens
and within the body of cetalyst undergoing reduction. This was due to reduc-
tion of carbon-conteining compounds in the hydrogen and was corrected by pass-
ing the heated hydrogen over a methanating catalyst before passage through the
catalyst in the reduction vessel. A second serious difficulty was the channel-
ing of catalyst in the reduction vessel, The reduction procedure was changed
from continuous to batch operation, and from then on no further serious diffi-
culties were experienced. The earliest catalyst processed in this operation
was reduced to about 70 percent iron, while the balance was reduced to 85 to
95 percent.

Tests on the catalyst in bench-scale, pllot-plant, and demonstration-plant
operations have shown this material to be as satisfactory as any other catalyst
previously tested.

Fischer-Tropsch Synthesis and Distillation

Before the synthesis and distillation units were tested, several important
changes were made, These included revisions to piping and equipment and correc¢
tion of mechanical difficulties that affected the performance of several of the
pumps and control instruments, In addition, insulation of exposed lines and 3
equipment was completed.

In the synthesis unit the most important change adapted the synthesis re-
actor for "jiggling-bed" operation. Originally the synthesis reactor, 6 feet
in diameter by epproximately 30 feet over-all (see fig. 20), was designed for
fixed-bed operation as an internally cooled converter, Because the "jilggling-
bed" process requires the coolant oil and gas flows to be within defined linear
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gelocity limits, it became necessary to modify the synthesis reactor. This
podificatlon conzisted of imstmllaliovn In the reactor of a gteel liner backad
up by @ ceramic mass, reduring the reactor diameter fram & feet to 3.

Cholce of & ceramlc meterial for beacklng up the steel liner requircd
considerable study snd experimentation telore a materizl was found thet was
dense encugh and one which woald not dizlategrate upon hssting to reactlon
temperature, Tt was essentiml that this backing materiael e sulfur-froe to
protect the catalyst. It 2lsg wWas psasntial that the materisl be awvallable
in & puttylike form to provide a2 monolithle lining. The material finally cn-
Ployed wag a pand-lime mixture thet eould he made up as a plestic-putty snd
remmed in place between the steel liner snd the outer oshell of the reactor.
Thig malerial wes cured far peveral days to & hard, dense substence, using
steanr at 00° F.

Following irstallation and caring of the liner, it wae lmpregaated wita
oll eo that zoolant oll would not be shsorved curing the symthezie opsration.
In this impregoetion tpoatmert a coalant-ofl fractlon obtained from the dls-
tillatien of Bast White Lake crude oll was omploycd. Hestlng o near reaction
temperuture completed the Impregnation treatment.

With the modified reactor described above, it 1s poseible to oporate at
the optimum oil velocitles regquired to disperse the catalyst and st gas cpace
velacltie= fram 300 to approximately 1,000,

Ta test the synthesis reactor, aaxillary equipment, and ingtrments, &
ceries of sirculatlon tests wes made {7 whizh weter and coarss sand, and later
vater and unreduced catalyst, were employed in place of the caplant oil and re-
dueed catelyst normally wsed 1n syothesis opersllons. Much wag learmed from
these operations about the functioning and limitations of equipment, and the
conditions for cbtaining the Jiggling bed 4in other than & leboratory- or pllot-
plent-size reactor.

The flrst diffieuity experlenced was that -he coelant-oil-clrculaticn
pumpa lost sucticu at periedic Intervale. This difficulty was caueed by &
vortex formed in a liguid-gas geparator which carried gma along with the 1lg-
wlid to tae pump fuctlon, This was corpected by placing 8 baffle 1o the sepa-
retor in & sultable locatlou, sa that the vortex was broken. JAnother 4IfTicudty
wag that wniform Aistribution of gas within the jigeling bed was not ohtalned.
s cauced the gas to flow upward through the resction space in 1ATES huthles,
rregting a projectilellke effect that carried the sand over inte the shrainers,
pumps, and other cquipment, Firat attenpt at gorrection was to instell a
coreen shead of the oll-overflow plpe, whiech was intended to keep the sand from
being car-ied out of the reactor by the oil stream. The location of the pas
inlet wes changed, and introduction of sterel bells in the bottom ol the reactor
to irsuare hetter disperslon of gas in the Torm of small bubbles in the 11igquid
mediuw eppemred to ssalst. Finelily, instelisticn of a baffle In tie top of the
reastor, substituting for Lhe ser=ern; parmitted improved operatloll. When tiese
tents were completed, the catalyat-water glurry was remeved snd the reactor
gllowed to druln thoroughly.
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In the distillatich umit, many changes in the piping, equipment, and in-
strmentatinon were Found recessarly. Thesze were corrected =8 they were found
in the course of proliminary testing operations, and by the time the Tirat
synthesls run was msde, all componeats of the distillation system were in
pperating conditlon.

A series of actual operatlng tests was made on the Opwhherm vaporlzer,
primary fractionatlon aystem, absorbers, Aebutanizer, stabliizer, rerun colim,
and the vacwm still, One phwse of these beste ineluded digtillatlon of io,500
gallens of a low-suifur cruwde ail frem the East White Lage Tield {rto gazoline,
naphthea, coolant oll, and residue fractione {fip. 21). Thke diztilled frectlions
came np oo all exvectatlicns und irdicated that the desired cuts could bhe ob-
tained in later opcrations, This fractiemetion of tne crude oil yieldsd 8,000
gallons of a coolart-pil fractlon corlainlng (.06 perzent sulfur, This coolant
oil was empleyed in the firet syathesis rum.

1r these test runs, 1t was founc that a new punp was rzguired to transfor
L primary columt gzeoline to the ichutanizer, whlch cperated at & prassure
gregter than the original pumps cowld wenerate, Varlous mechenical diffZcu -
ticn with the vacuum—distillation-system pumps and the gasoi ne pUrps af Liws
primery racticnator were corrected also., Outeide of a few ninor mechanical
adjistments the Dowtherm, debutenZzer, etabilizger, asnd rerun systems performed
sbout as had been anticipated.

The finsl preparations ¥or opereation of the dlztillazdion unit included
filiing the conmvertcrs of the Peroo satalytic reforming wnit wizh Cyeleerl
beuritc catalyst, and the cooverter off "ae U.0.F. aatelylic solymerizatior
wndls with phospheric acid catalyat. Follewing these opsratiors, the catire
dim-1llaticn system wes placed in standby condition ready for operatlon wren
-k f1=ct synthesis rur wus made

MTne =srbon diaxide removal wait, which 1s used on the recyole-gas strean
to the syolhcsis reachor and toc feed-gas gtresm to thn sbhsarbere, roguired
sompletion of its instsliution, Toe bubble-cap plates had ba be installed in
the reactivakor, and the Raschlp ring racking 7ad to te placed 1n tne sarhon
Jioxide apsorber. &fter the unlt waz placed in operating condition, it wanm
subiected 4o varlous tests with watey and inert zag to determine jild ppera-
b:lity., TFinully, bhe waber wus drained from the syatem and replaced by a
monoethanolemine solution, and the unlt was ready ToT synthesis operations.

Syontheais Bun 1

Synthesls rau 1 had three objeotives, The firsi wag o operatc +the syn-
thesis wunit and obtgin as great a cenversion of gus 1nto synthesis produshke s
poeslble; aecord, to troin further ali onerators avd supsrvisors whder actual
operating ccnditicons; and third, to dbserve the functicning of all egulipment
and instruscnte at opsrating temperatures anad pressures. 4il tharee obJectives
were realized, and the run was consldered satisfastory.
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Phe run ¥as begua on Septenber I when heating of the coolant o'l and cir-
cntetion of gas and caclant oll through the synthesis reactor and muxiliaries
JeTe started. The initial oil yote was 250 g.p.m. and the fresh gas-Feed rate
.y &0, 000 ctandard cublc feet per hour., & recycle gas rate of £0,000 standard
eulric feat per hour wad mointained during the early stages of the run bul was
gbﬂndﬁﬂed yhen coolant-oll losses ~hrough entrainment In the gaa ctream became
excedsive. The operating pressure Was maintained at approximately 325 ta 370
pounds Der square inch gage {p.s.i.g.) bhroughout the Tin. Eaough catalyst
wae employed ik the symtheals reactor to permit a space veloclty paged on
anticipated fresn feed gas of spproximately 600 valumes per volume per hour.

purine the induction pericd the bemperature was gradually brought up %o
y50° F, and then further ralsed by o5 B, stepe watll evidence nf reactlon was
aotained, The first indications of reaction {carbon dioxide in the ga2 stream
leaving the reactor) wers ohtained st 500° F, Hewever, it was necessary to
raise the temperature to 5500 F. when cooversion in the range of ¢ so 232 per-

cent was obtwuined. The uperating condltions exieting during the laller part
af the Tin ware AE Taollows:

Syntheals run 1

Average conditione for pericd of Septedher G-12, 1931

Meximum temperature, top of reachorT Lii..iisirscienrmaniiirers °F. 5k
Temperature differsnce BCIoss FRBCEGT wravensrnsrnnrasnsannnrs 400 9
Meximum resctor Pressire .....seesssrsrsanrrynnnensnonsns p.e.i.2. s
Fregsure differential across readilor iasanae-resesrmsneasr-an 0. 2

Fregh feed gas flow rate ,.ceciaarrivsmnssiernans std, cu. L. hr. 56,300
REGE’GIE ra‘tiﬂ .-----u-..----u--p-l---'.a.ln--t----lt-l---q-l-ln.-q-tl-uq----luq-q----ql H’:I I'ECYSJ.-E

Hp:CO rabic, fresh gas fRed ....iccssvasivssssansrsesronrorrs n ] 0.52
Hp + €O comVorBlom sae.cuurnvnrcminrrosnranruruonnrrtnsss percent 31
Ueage ratlo, HotCO seu.sessssssannrsmsansosras msermaanarirane®s:? 0.68
C0p in fresh gas . P percent 1.6
005 1n gas stream leaving FOECEOT veccssrneansrrsnsssanansans O, 1:.8
(0o in taill gag stream £0 ADSOYDET wwivaanssratassenersran sy do. 0.1
Synthesis products ... ...ae-e0e- gm.fnu. m. Hy - CO feed {thea.) G .5

The yun was terminated on September 12 afler § daye of cperatiocn. It was
e7ident thal the catalyst activity was low, sod this can be gttributed to the
Following fectore:

(1) The catalyst employed in this run was the first to pass through the
reduetion equipment and was not gitormly reduced, The pergontagZe of reduc-
tign varied hetween zero and 160 percent and probably averaged ahout TO peroent,

{2) The catmlyst was stored under coolant oll which contulned 0.06 per-
cent sulfur. Although the smovnt of sulfur was low, it cculd have had & dele-
tepigus effect on the catalyst,

(3) The circulating coolant oil in the system initilally contalned 0.06
pergent sulfur, but this was reduced as tae reaction progressed.
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{4} The synthesis fresh feed gas conteined excessive amounts of sulfur
during the early stapes of the syntkesdis,

Qome of the Alfficulties experienced during this first eynthe=de min were
corrected afber the run was terminated, and the units were prepared for the
cencnd gymtheals run which was made during October ant November,

-~

Synthesls Jun £

The synthesis and distillatiom units were opcrated 1n conjunetlem with
the FKerpely gasifier and pwrificetion unit in a second gynthesls rm from
October 23 to Lovember 18, 1951. Included wers the Fischer-Tropseh reactor
s7stem, the primary distillatlon column, the 1lght-ende absorbers and stripper,
the oolymerization reacstor, and the final stabilizer apd rerun columns, Oper-
atdion of the varipus wnlta wae relatively smooth, but some improvements in in-
stmumentation and control could heve addsd neasurably to ease of operatioh.

Fourteen thousand poands of reduced synbthetlc samonisa-type comverslion
gntalyst, prepered snd reducec in the plamh, waa charged to the aynthesis com-
verter an Ocbober 21 and 22, 195k, The cabalyst was catimeted to be approxi-
mately G0 percent reduced, This weight of catalyst had a volume of approxi-
mately 118 cubic feet, and pormitted a spece velgeity of 550 volumes per volime
per nour with & fresh synthesis gas feed rate of 55,000 standard cubjc Feel
per acur. The reduced catalyst had beea covered with a swlfur-free oll to
prevert ceterioretian of the catalyst after reduction and during the ctorage
peried of approximstely 6 montha, Additional coglant oili, the fractian af
East White Lake crude that had been uscd in the first synthesis run, was
sharzed to the synthesis comverter on October 23, 19%:, After ralsing the
pregourc in the eynthesls unilt to 330 p.s.i.g., cirplation and heating of
the coolant oll %o reaction temperature and the flow of syntheslis gas to the
comvertey were started. Tha initial ofl circulatilon rate was 2% g,p.m., zud
the inilisl Presh synthesis-gas feed ratc was approximately 62,000 standard
cubic feet per hour, HNo recycle-gas fiow was enployed at the start.

A atepwlse induction procedure was employed. Thie was glmilar <o wae pro-
codure employe=d at the Bruceton labormtories but differed in the temperatuls
and conversion levels used. This operation covered 5 days. The fellowing
shows the temperatures and conversions obiained during the catalyst induction
peripd:

Jatelyst Inductiom

Fresh feed rate, BRecyele-feed Temperatures, “F, Comveraion,

Tite std. cu. f+. hr, Tate In reactor Qut reactor percent
10-23-51 61,600 None 29l 2ok -
10-24-51 63,200 1,13 L8 L3z 13.5
10-75-51 A1, 200 1.37 451 Lo 21.3
10-26-51 63,100 1.27 L7l 485 5.0
10-27-51 6L, 700 1.27 505 a8 62,0
10-28-A1 63, Q00 1.3 505 Saly TL.G




Fressures were maintaired within the range af 327 to 33L p.2.i.g, and oil
cifﬂﬂlﬂtiﬂﬂ roteg from 300 g.p.m. at the start to 00 g.p.m, durlng the _atter
phades of the induction pericd apd during the synthesls period.

After the ‘nduction was completed, the temperetures during syothesls oper-
ptions were maintmined between 522¢ to 528° F., and conversiors ranging frea
71,6 to 85.9 percent vere obtained. Converzior relates to the percentege of
1 en &and carbon monpxlde corgumed 1n the resstion, 85 determined by analyeln
of the inlet and® sutlet pges streams and volumss of each. No attempt wae made o
chtaln maxlmum comversion, as the objoctives of thls run were to teat the equip-
ment and Irocess for operability over an sxtended time,

Pable 10 shows actual operatlng cata sbtainsd during & S-day period of
the Tun. The reeults are not intended to represent the optimum conditions or
yields, which are to be determined in future mms.

Taese operstioms were condueted on & sontinnous basis from the start m-
£1} the run terminated st the end of 25 days, wilh cne exception. A forced
shut-down, oceurring on November 11 and lasting for 30 hours,uwing So an inter-
ruption of the Z75-p.8.1.8. steam supply to the entire gynthesis area, wWaE
successfully bridged and gave the mperatore valuable experlience 1r. handliag
an unexpected situation. Although some Arop in ecatalyst activity resulted
frem this interruption, T5-percent conversions were still shtained at 325° F.
gt the termination of the run, The firal shith-flown was routine.

Tistillation of the syntheais condensate inta gesoline, Dilesel oll,
eranking-stocx, and cooplant-oil [ractions was ngcompllished during the 1atter
part of Novemser. The principal products, gasoline snd Diesel oil, will be
upgraded by further trestmente and will be availsble in barrel quantities for
evelugtion and testing.
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