whigh werild result 1r the deposition of carber anG tne dzterlorailcn of calalyal,

- ke acttom of e converter and flow nrward eomenrrent_y wilh Lhe cirelatineg 221,
Az the gaa peases OVAT e retolyst, reactlor ocepura, and heat iz traraferred o
- the zuoling 0il, A3 overflow pipo nonnectesd with the convertoar at A nnint abtovs e

gotel by sventunl seonmonting of the ostalyat partieles, And several sho-gos In the
Ceparaticn of e FSSom wers mAlse fn oan atiompt o prevent thIn S olty. A £oe
T axocr Ment,

ceatalyat bed," wes developad, Smaller catalirat particles, i.z., Z0- L Wi —=ezl
the Wigh rats of 0!l cireunlation. & moviag bed of ayrthetls-szmonin-lyTe retaly st

' WeE ojerstod mueccanfully in thiz mwomsr for soveral monlls wlttouw insrenic in thz
. Prepaure dror acrcen the cetalyst and entirely witkhout comensatlon o the bec.

—

furnsd to the resstor hy a ciroulating pump,

“Althougt goma nttrition of tho cntelyst ococorrsd, sven ifter | montks of ovcrsiion

FESEANCT AND TEVELOMNT, COAL-TO-0TL LABORATOR TS AND PILOT FLANIS,
RRCJCETOR AND PICTOSURGH, B,

the relendar yoars 195G, the laberatoriss and pllod mlantz at Brucotom,

Lz ]
Pa Elgwntjlr_lﬂd the'r attazk cn agversl frorte toward the develcment of new cor
m_'pl".m-ﬂd prosesass JTar the mrndnetion of liguid fuels Jrom goel: The synthesls of

Jiqu-d fus’® from the zasitipstion producis of cosl (Flscher-Tropach end relatad
ocoeass ), improvementa 1rn the direct Tigh-preasure (3,000-12,000 Tasels) Yydro-
+ron of coal (Merg:us Iroesss), and the develcpmsnt of & rediim-pregaure (about
1,000 p.2.t.) Iluidizel ceal-hydrogenatior mrocess.

S-pthesis of Liqiid Fusla from Zyéroger ard Dersor Monodide
(Fimcher-Tropect, ard Helated Procsooes)

Progess Devrelopmars

T4 lot-plant opsrasions

P

¥ epher-_—opoch cperations in the odlot-plant atege ot the fea_-tr-011 Iaboro-
tarles of the Zursau of Minss hewe been cereied ouh by use of =n cil-clrealation
T OcHEs with £ suhmergad catalyat bod.  Such B 9Fshen perriza the use uf a4 sinple
renchor with no irternal cocling ewrface and provides direct cartral of the catalyay
tmaperatnre, eliminuting the poaaibility of doveloping hot zzota ln the converter,

In operation: wilh a fixed bed of catalyes, fropa fesd and rasyale gom erlor

eatalyat bed condlcta the exit gan amd «il lo & geparasing tank, from which fhos gmees
and vevwara pros cvermazd ho 8 condenser and reccovery aystenl; the aopo’ing oll Ia ma-

Fixed-hed aperation of tho internelly ccoled ancvertor has olwers Secn compli-

nificans inprovemsrs scourred wkhen e hydrogen:csrbon monexids ratlc oot Tsed
gan wAAa ‘ncoroasad, With o L.3:L1 ratio, 1t owms pozelile to reduze ths rate o catw-
lrot comentetion wrtdl & sseful cata_yot 1o =f 4 o % wontra nonld be obtained,
Eowgver, 1t was sT31 gulte dilfieult to remave the catalrst i bhe end of theo

To elin'znte the asmensatlon freoblew, a asw mothod of overation, e "zeving

Inrtead of f- to LO-mesh, wers chargnd to the converter Jor meving-bsd operation,

end the linser velocily of the cssling oll wis ‘acreaosd o such a degbes that the
catalyat bed expanded until the bod height was ebout 23 e 39 perscent Jeester than
1tz mettlad ha'ght. Conaidsrab s motfion of she ‘ndividuel sariicles reaunitad Jron

—a

this had 11ttle or no effect upm Lhy activity, asd vke celmlyet earry-over fror e
etnverter to the oll-s’rrulstires Lines was nesligible., Taefe and otker advantege:
of the morivg bed as compered to the fZxed hed ars shodm 1 “rhle 3 and inglude:

1”3’59 - A .



e Treater catalyet ocoromy. - The wse of sneller catalyst purticles with
pgredter zcomoteic *'Jr';':-..ua Aran per loit welshd resulted in mreater converalom e
ooind of patelyst At e snre crodt Lions of ovntlesia,

&, Tower cusrdtirg tomneratirrey arc pogsible Tor the asmnes amovrt of ocriveras

3. harg'me o withdrawinge cnoalyot wan Facilliedted holh durlrgs D_‘l‘.‘IGI‘E'Li:\n
spem Sermiratios of the oun,

L, & prester zpasso-time yisld, beaed om cunverter volims 22 well oo cotalzsg
velame, 18 obbolized,

TRATE 9, = Jrmoerison of ovsrating condi—iers in cil-
gubmsrgod f‘ixsd and meving beds

(90 p.2,1.5. coeration; - .
B0 Al (M=ol vl B 11 L o =
2R lrEl Sod i i eiren i i aneieaa. | Flxed bed, T Tt. . I~’r_-r'¢__‘,, Ll-f‘l'..
f-b mssh stat’e height,
5 Tt, cRpanded,
f-20 maah
Holdit of Iron 2hErasd, 1o, seeenerarasnanias =g LG
fatts 07 s D0 Inlasl ame. i ve s s 1:1 l:1
Tolel satalyet M8, SPL iiiiiiieiae i 2,302 i_5
Ten seratuce | TEizum, "E. 2ol _zEy 2ho-z=0
Lar pers trre 1 =Terentix” . L. 14 )
Froczuen drap acroes bed ==
StErl, o f‘xp“"in.ﬂn‘l:..........“......... i ]
Eril oo L L e T l'l‘l':_;l l—-:
Fead @ma vate, S0, . au et ernenrsioninnnspen 17y
STano velosslty, SUT ivel, x vaol,=t = b, 'l).. 300 SO0
Boerolo tatic (tell smn:Tres? 282 ). ssivares e 2.0r1 el
Correoalong
D, EOPCE, v s s ea s msa s et b 85,0 TO.T
Hey, Porosnth, o veimssastasanavannnamnrenes LoLg sl
I+ 20, 2Brae e uiuanactennnsmrinnrnnns 50,3 9,5
L S T R T weraearan TLh 0. 5%
Srece=we alt corversion (ewn, I3, Hy + 00 con-
vertad oer AL DO LS. TE) e s cr e e enea E.00 F.00

o1 ths basia of the meny laprovemsnte Introdiced 3y ike moving-bed a3siom,
Pired-hed experiments wors termirated, snd farther studics wore ifvected Soward in-
verligetiog opers i w aud yleld duie for ths movinzs-bed type of oporotion,

it e ooorse of noemsl cperaticma, the avnesroncs of errstis res ulua} zuzh a8
ehrarmelly p2oh prodfucellen of gusscws hpdroearhosz =24 low gyntnesia gas oonvoreioh
Immediately follew’ng reduction =f the patalyet, wez Yraced to the presence of larg®
emourts of aulfr in the symtiesia gee. The crlgin of the contamiz=ticn wee located
Pine22er in 'I:‘r‘|3 vaer of the geshclders, A1Lwugh no dellnte cause For Ske oo aml-
nEldon oaldé be esiaklizhed, extating evidencs sunnents thad the sulfide was prodio?
3y the cotice of baoton g om the zulfates rpesent ir the Procctom water aupply. '
Proinditatien of the sulfur =3 supric 5027 4 and malatenemcs ol w prooper hydropsn-

- a

SomononenTedaion Inoothe gaghcolder water rostorst the fmthesis-qas supnly to the
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Figure 27. - Catalyst reduction unit.




._r@q\l
 pion dn

ope
b these h- i : L - X ; i
h 1 15:1 °0 feed gma wag weed., In saddition, by s ves of carbon Temaxtde-rich Tocd

b oparatlion with

P e T ) T T

yred purdty and wravided mesmy Tor controiling thle 2ource o guliur ccntaming-
gihseguent cpRraklions,

Uaing & omthetlc-aemonta-type catalyet, the internally cecled comwerter was

ted with o carbon menoxlde-rick mymthesig gas hewving an T, 00 ratic of 5,7:%.
The pasulte rpdicated ttat the unse of a feeld gme o thie compoelitior reguaired 7lgher
ratiing tomparaturea (270 0.) to mroduce the deslred converaZon, cut that even aw
igher tompsratures the vimlde of gagecus hydrocsrbonz wars el lar fien wWAash

ges, 60 H,:00 usage ratic equal to the Ho:CO ratlio of the Tsed gas could te altalincd

'H'i‘bflﬂut' grpeslins A gaa-recycls ratio of l:l.

Operation af a gtripping colim 1n en arrangemert “hot slouluted eclial series
<he internally ascled esmverter wgicg 1 Hn:l CG feed aa rogalted in
gaparation of the water othisrwige dlonsclved 1r, the clrsulating odl, This, in turn,
pporeesed the Hp:J0 ussage ratlo by retarding the wator-ges sLITL reaction,

' Es0 + €0 = Hy + COp, Usame retlos of 0,%4 to 0,99 wers obtalnad by Installing a

potagel -t gartonmts scrihbber in the syatem to rednce the carbom dioxlds cortent of
the renrcle gas, Witk ~his errangemsnt 11 gae-recyale ozeratlon, 2 synthec! g-g0.a
eanversion of 34 perasmt gould be ohtzined In cme poans ty ralslng trs operating fem-
peratire 10 legress ulove norma. (o 250°% 0.}, Without removal of cerbon dickide
Fyaor the recycle gaa, no mere than 85 percent aynthesls pas cowversion could e ob-
talpod In & single sthge avan 8% temperetirea ur te 295° C. &nd at higher gas-recyole

rates,

In view of *he improved reeulia chizined br acrubbing out the carton dicuide

p rrom the recycle goa wlth potessium sarbonate solatfon when 1 Ia:] C0 2ymtheslz gas
' voe uged, a simdlor progedure wues rpeceporeted 'nio opsretlon wit: 0,1 Ez:l Q0 ern-
. theais gas, At = cometant operating tomperature of =609 ., It wes posalilc Lo

lpereaaes the aynitoolg-gas, conversion {rom 7 bn TA oereent in Whla way. The rzanlie

. obtaiped thus far, howsver, lave shows thaet, In eperaiZong wiodh gartan menoxido-rick

feed =oa end high conversiomns, the mapmesis-pranoted sythesl c-srmon e -ty pe catelysts
have cmly a relatively ahart 11%a, Tx laharatory toats, tte nitriied, elmna-t-o-
moted, syathetig-smmusia- byps catolyst has shown mocl hizher activiiy snd dwpebi I+

with carbon manoxide-riczh feecc gas, Pllod zlant teate with Shis calalyst ars sched-
aled for the near Jubed,

Ag £ mesn? of remcving the veyapmaled compounds from the yoriosd sapora po-
duced br cpereting tre irternally cocled vomvertsr w. th aymtisl’s-ameon’e-Lyos
rateiyat, theee vaDors were drested with tEnxite in 3itn.  Oorpor’son of Croloccl
and Alumtna F-l bauzxlww showed thed at 3009 znd 3857 ©., respactively, boil cata-
lyate wers ast’ve 1o remcving the szygenated compounds from the oll @uress [wbous
dC percent), Remoral of cxygemated compounds Prom #-¢ water _gpier, howeyvar, wWaE
et ae yrouounced, snd in thin paes the Llrmtne Fal trestmert was xops slfDoclive
than the Cyclosel, althatgh the ues of Cyelocel at & bigher boumperatirs would be
expeatad to bring etout zore complete raroval., Virtuwelly zo zeitting of She double
beonds waa affected Ty fhe Alunine catalyst, tut was of Ope neel cetalyat pxerted 4
ncgt monomcad effect 1n thls ddrectlon,

The catalyat-redvction wnit (oee g, 27] designed for the preparasicn of cata-
lyal [er the oarrsl-s-day Tlscher-Tropacn pilst plant haa been complated and testod
pnder the anticlpated overating condi-lons {250 p.s.i. 1n he driers and atmospherls
rrepaure in the reductor; operatlng fomporaturs, 300% ©,), A8 a resalt of thece
e inirary tests, mincr modificaticno 1lu desige of equ’ tment. are belrg made,
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The harre_-s-day Tischsr-Cropesk oilob plant (flgs. 22 and 29) i: nearly can-
pletsd. ¥aritao somponente of $he squlpmert have baen foaled 1o d4sura gatiafachary
performancos, Ths oll-sssorpbticn systsn, cosigred Tor the racowery of Zlght hydro-
cArhong, kaa poen mofifled s1lahbly lu 2llow the wse of & potazelun cerbonnte oolu-
tlpn Tor thae Toroval o garbon dtoxide from the recryele gan, A small partion of the
tall ms w1l be aseed over Activated chersoal to recaver the light hydrocarbercs
and perit’ L welsi-balsnco celonlatiszne when oncrating the plant, Gas for the pflot
plant 17 compracead in the squ’pment chows 1o figure 30,

Lahoratory-neale Txparine=to

Cztalyots, - Previcuz work iz thls laborethory and ‘o other laheratoriss haz
Onovn Bt coveraton of the lron "o iren setslgats to an Pag? cark'de By trestment
with parbon mwioxids o Extros of sSydroges end cerbon wenorilde inersaced e csta-
lxzt eotivitr 1= the Flachor-Ivoooch srnthesis, Ik was tlroaght, therefore, that LE
+a0 introdustiorn of sechon Ithe the irom lattlze lnersaass the activlty of tZsz 1ron
cubalynt, e irirodusbloo of erotier slement - for szampls, nifeogen - also oAy
oonanee the eefalyot eotliviby.

Tho pitriics of lrcr canmot be Tormed by che action o molae:rlar ritrogern, hit
ey can e Pormsd by the cetlon of ammordw oo Zren,  The olieide formed depends on
the tempsretars, time, gpace Teloclty of ammenia, and ke ratio of smmoria to brdro-
sen, Lo %ma orsis of ewacking of ammords to niorosps ernd hydrogeon beccmes arTrac able
et 430 0, tenpsrabiecs T 3007 o 2557 2, are mainta’asd. To thls temperaturc
remge, £ ospace ve_onity =3 low an 2,000 velawes of sme por volume of cetolyat pov
sorr permits an mdesuohs ownorls-co-brydeoges eadic, and nitriding fo an aton retic
TiFe = 0,ch tou 0,90 soowa dn L beowrs,

Teste w' 1 iten catalyeta treatsd in thisz manney have shown thed these nitrided
celyete hove sign T zeanbly grestsr activity opd lifc then corrscponding reduced
cate_rats, azd thal tro predusts Ieom the mitrided sutalyate are very differcol from
+reae ohtalined with redueed cate” yeta,  The rdtropges ‘g ooy very silowly remcved
frem o cutelycts darl s the opntheeis, and eveilable data nd”cate that corlon re-
nlaoes e nltroger, wiersae whe rublo of wlal-carbon-plia-nitrogen atore to ron
anoms retains approfiratcly conasans. Altrided catalyste apnear to rezlet wxllallua
and dspozitlion of frec curbonm in the syrther a, Thsa, nf driding mey be A practical

=2d somzmtesl msthod of eliminstirg the diflizultlsa of catalyat Zmotabllity dus fo
garben depea’tion, oxldaticn, and related Irovczzen, The aelactivity of the catalyal
Iz phanged ofsmiTicantly by zonverting the iron 1n the catalyet to € -phase nliridess,
end rriiriding 28 anothsr way of 1noresaaing the vernatllidy of the Flecher -Tropach
eymhaesis with ira catalrats,

The dii'ferenges betwesn thio rodwcets fvom nlfe’ dad and redoced lren syrethotic-
amronis-tipe cathlyatd were not & result of the different temporafuares of ooeratlon
anié muaat tharafora bBe releted to dcme Furdamental change in the cetalyst surface.
Tha cnhansed astivitr of nitrided cefalyass aisc may result, a- least in pert, froo
the lower-molaculsr-woignt orodocts formed By the rltrided ocutulyato. Tuosse produvesd
nay he oxpocied to descrb more readfly than 2o the heevier mroducta from reduced
catalyota, thuy incroceaing tho of fectivs surface orsa of the rifrided sstelyotz. It
han bteen found, howevor, that = catalyst partly cooverbed b ¥ethzne nilride has 4
grester 2xtivity then o 2im’ise redicsd catalyst, although the orodeet distribetion
"z rot elgnificarily 4i7ferent from that of the redscsd catalyat, ond thus, In thia
ziac at least, he 1rercassd astivity Jo nob dus fe the moelocular welghl ol Lie
rrodiots,
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-a-day Fischer-Tropsch i

Figure 28. - Barrel



day Fischer=-Tropsen pilot plant.

Figure 29, - Barrel-a-
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Figure 30. - Compressor house.



