rotoneF gnd for acids, estera, and elechols In the producta of tho two srogeszes re-
yoels that the Stanclird mroducs is sfgnificantly richer Zn ketonss andfor azids end
gotere, poril cularly in the klghsr-%elling fracticons, The lower slcochel coatenta oF
xha Stancl nd frastlaons mEy ke attribubed to w=ter-wmehlng of the Zroduct and opera-
tiom &t higher tempsratirea.

crumzariecon of the weilght-percent dlstrlbution of the rredugts from the E{snalind |
eni cTternally cooled converter grogeases ia lritereating, The meximum ampunt of the
gtanciind product {26.4 percert) boils In the range 60° to 1007 0., whereas the prod-
ot from the interne:ly cooled corvertar vields & marimm (12.4 percent) ‘n the ranpge
].DD': ta J_;D':‘ C. (aAltrough & valus of 13.7 percent waa obfeined betwesn o% ard 0% o,
For the product from the internally cooled conwverter, this lncludes the &) hydrocarbons
ghtaincd frow the chavepal-trap liguid. The Stenclind mrodust wae gtabllized to eiimil-
pabe thede compounds.] The amownt of reeldns { that frectlen boiling above 320% C.) wao
found o be muct larger for the product from the irternally cooled converter (3<.2 per-
cant] then for the Stenolind product {f.8 parcent). IMet{llatior equlsmment ‘s zhown in

rizure 3i9.

mvestilention of & method for converting fenhubens end laopentenss nto the

redpeetlve chlorldss, whick ere esparated fram the remaining mizturc ol nydrocartons
before it 22 2nolyzeld by means of the EAas spectromaser, puggests that this technligre 1
pey b2 azplled to tha analysis of products from the Flecher-Tropech synthesis. Suech
an snalyeis hee been comolicatsd hereotofore by the pimilarity of the mass epecirs o
+he butere compounds, The rols pleyed by epeciramstrlc technlques Zn the charagter-
fzation of Fiacher-Tropach preducts hes been moat important (see fig, +€), Much cof
iz analyticel cgaipment has besn shom 1r previous anmual repartsa,

Syptreain of Liguid duels by Hydrogenaticon of Coal
Prozosa Developnant

Pflot-plarns Oparations

Fusl-gil mroduction, - The liguid-phase sgal-hydrogenat.co pilot plant wase
tperatad wo tk B @erisd of satalysta to determine their relatlve efficlsrcies I'or
the hydrogenation of Bock Smrings ccal at UA0% ¢, and 1,530 p.e.?, e »radies &
heavy fugl 71, Teing & coal-oll paste contuining 35 pers=ns of goal, the reoalts
ind*oatad *hat these catalrzats, when Immreegnated o the coal, were decressingly
offective wilik re=spect +o coal liquefsatlon and mathalt resmeeal, in the Follow'rg
ordar: Awnonium melypdate, stamous chloride, nickelous chlerifs, snd ferpouc ul-
fata, Cemperlasn of theee results with the ylelde obimired 'n fests made at 3,300
P.3.f. shew thet the lfcusfastlion of coel im ineressed alor’flfezntly with preazure.
Thls mrocedurs for production of a ¥z, 9 or 6 fuol ofl at 1,500 puo.d, de quits
eperabln end may bs fMportent 1o emsrgemcles for frel-cil produstlon ln places like
Anatrzlia ar Seath 4Fr7 8, whers roal but no peircleum depcslta oxist.

Middis-oll prediction, - The Lijuid-phess pllet rlant wes ihen spurated wo Dro-
diss B wddle-cll produst using the most efficient catalyet of the feriee, ammorium
nolyhdate, =nd maintainizng the heary-cil trap at a temperatura of 3008 0, Using 8 1
nolybdenim sonoartration of 0.5 gercent Loprewnated oo Rock dpringn ooal and maln-
taining corditiora of 4609 0, and 2,500 D.s.i,, & "middle-cil" product was obiadnsd
that ranzed from 30 to 3¢ percent, besed o moleture- and ssh-fres (m.a.f,) coal.
In addition, ebowk 15 percent more centrifugal heavy cil waa cbiminmed (27 percsrt
nere baged o m.g,.f, ccall then wes required for wreparing the peste pumpsd 1nto
the W!gh.pregswre zlsnmt. About helf this sxasse heavy of]l wes collestad a8 aXcapd
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il or waes wlthdrawn aa asmples; the rsat was conaumed in paste-hendllng losasg,
Aotuslly the ratlc of middle ¢ll ¥o excesga centrifuged heavy oll sollsected in
this cpersticn was about 53:45, which soryesponda nelther to & "fusl-oi1" nar to
r "middl=-011" cperuatlon, but s more nearly u purpromlss, With lhe mreaect
aollcs-renovel syotzm 1t 1a doubtfal whether ate:zle recycle operatlcn to maks mors
midAla 01l and less sxoema haavy oll 18 paasiblsa, The eentrifugation of high-
viacosity heevy oils with kigh sclide zontent 1a pomelderably poorcr then that of
the Feevy cll mads in A fuel-otl operatisr, In the Ilotter cA3e, the centrilugs :
removes about 50 to 60 perocent of #hs inzolubles in the hasvy oil fed to 1t, in ;
contrast o cnly ancut 30-percent removel n the former, With low effectivs )
sullds rapcvel In the ceatrlluoge, 1% becomed nzcesaary, fo prevant sooubiuls bon of
gelids 1n the olant, o teke molids out of the ayaten In the form of excess heavy
o 2. Th will e necegsary, tkerefore, to jumprove the sclide-remcyal rrocedura
matorizlly belvre tnis zilot plent pan be opereted Aucceasfully oo & fWue recyocle
haalz to orodves high rlelds of middie oil with nc ezees2a heavy cll,

Tenc: =aca e SEndiso

Varor-nhane Wydrogenation mit,. - The hydroganation of a coeal-hydrogenation
middle-<i. wroduct ir the vapor-phase unit fooc fig, 1) at 4000 @, and 9,000
T.9,i,, using tungaten euwlfids catalysd demcratratsd that this catalyet has excel-
lent relinins zroperties - that ie, the ardrogenated product wea sssentially fres
fron nitregst, aulfur, and oxrgen - and tha= thse hydrogenation wes larga’y & Liguli-
rhaze rathker then vapor-prage reacticn under thede particular cperating condl tioma.
wher tugeter anlflde ecatalyat was waed Lo hydrosenate & heavy-cl1l product contaln-
ing more than 20 gergesmt aaphalt plua bangens-inacluhle meterial, & product cootRine
ing 50 to 00 percenl of malerilal dlslillire below 325° C. wme obialned, Smooth
speretlch  wea contirzed at 4L0° 2, apnd 9,000 p,a.i. for about 4 Month, and ths rmun
wes digcortiraed only taeaune of Anauff a1iomt feed-stock while the catalyat woas
Ati1l aective,

A stidy wis made ' the efficiengy of uogsten aulfids a3 a catalyet for the
rofining of shale oil produced by the "gas flow retort,” a pilét-plant vetort at tae
011 Chals Demenstratior Plent, At a comefant mresaurs of 9,000 p.s.i, and a wsrace
veloolty of C.5 Kilogrem ser litar of catelyet per howr, conelderatls hydrogenaticn,
nlitrogen slinination, anl molescular weight rediction tack placa at oot oL adds.
tlemnl reflnding too: ploce st higlker temparatores and weas occompanied by en incroRss
1n the psreffin neture of the product. Lo minimize the pescline frection, which wae
of low ocians numper, ths ossration wae crmducted et 4WOY 0. and & epace valoeity
bolor LoO Xllogreom por liter of cabalyet por howr, At theod condlticms, only 10
peruenl uy welght of the feed was cbitainsd am gmeolins, and 49 percant aps Diesel fusl
with & coiane number of 30 to 63, Operatitn at lower pressura (4,000 p,s,.i,) yieldsd
Br anestlyPactory product, Becaise of the high hydrogen content of the shale oil,
the sroduclicn of nigh-cotans gaeoline 1s not possihls by simple Kigh-pressire hydro-
garation off tkls feedptock., An sdditicmal refininz sbep would have 4o bs included
1r. this process to upgrede the gasoline to 8 mremium product.. Cooversely, ths ddrect
hydrogenantion of Diensl Fusl Froao shale oll sbould by carrled out under pondltlomns
thet produce o maximum guantity of DMesel fuel and & min’mun quantity of gasoline.

The use of o gatalyet gontalning zing, ¢hromlom, melyhdenum cxldes, and sulfwr

; eupparted on fullere eart: for the vapor-phass hydrogeration of shals oll at 3,000
L.=.1. esaurs proved 1<fericr tc ‘e use of tungsten anlfids cotalyat im bobh guen-
tity and coality of Diesel-cil prodoction; 1% was supsriore, Hiwavar, in pRacline pro-
duction. FEoth catalyeta conavmed hydrogen egiselly, S2imlar tests with cohalt
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Figure 4l. - Contrel panel for vapor-phase hydrogenation unit.



polybdats o plomina a8 catalyat atowed that thie mater:nl was comparsbls to tunmaten

gulfide for +he mrodueticm of Dieael fuek.

Fluidlzed-bed hydregeration unis, - Meny features of the causl high-preasurs
JiquiG-phaze ceal-nydrogeration procsas as carried out by the Germans indieatc poten-
tial advunlages in effsc ting 8 reackion batween dry coal and sydrogsn: Tae equipmont
pequired to conditlcn heevy oll let-down fur vae =a & pagbing o Icjechion ol wlth
ppal feed aould ba eliminated; reaction &pace used by the coil partion of the poal-mll
feadl mlxturs aonld be woed for the reschion of add ticenal coal; and tha reamoral of
grreactead cosl 8B 8 dry patarinl lnstesd of a mizturs with oll would maZerially de-
cvenss the capital and meintenance arat of the hydregenutlon vlant, In alddlbloa,
yerk in babeh autoclaves, where ccal was hydrcgenated 1a bot: the pregence and
stuenge of & heevy-oil vehicle, Indicated that tho hoewy @ll exersloes a doletorisva
affect upa the reactlon, .

hegordingly, bench-svals experiments have beon carrisd cut in which hydrogen,
opterirg tha top of a unit, passss down threugh & dAp tube and Lhrongt w porcua plug
at tho bBottom of the con’ hed; it then flows up tirougt: the coal bed, Ezxgeas hydro-

gnd vulallls producte lemve the roactor at the top, pess throvgh = octmdenser,
ard enter a high-presawre ice trap, The uwncondensed muses are ther depessurized,
mebersd, sampled, and rurged. IUncatalyzed etudies have been caprried out in thie
amlt Go show the effoct of varying cperating conditloma snd to atudy the character-
1gtics of the products thue estAainad, The rewilts of thess piudlass nre summar?zed
ip tablas 10, 11, 12, 13, and 1k,

TARIE 10, - Effsct of rydrogen flov rate

Chargs: 100 grems 2ock Springs eoal; 1 hour =t reaction temparatirs

Flow Producta, preme Tobkal
Taat| Preesura,| Tamporaturs | reta, Hydracerbon |recoverad,
Koo| PeBaLof . SCFY | Realdus| Oil|Wator|Coo | €O 0. [ aridd
L 250 600 0.25 33,9 |16.8] 11.5|2.7 (0.5 12,4 100,.2
a3 =50 B0 1.0 sh.e (16,3 LL.o|3.7 ) - 1, 100.,7
7 SO0 500 o.E0 b7.z [e2.2| 11.3(3.2 1.0 17,3 102.4
7L 500 00 1.0 .z |22.y| WL.Eie.T] - 1.2 1003
e 500 50 2.4 7.2 lee,:| 1A.58]3.7] - 17,4 02,7

TaBTE 11. - ELFfsnl of [empsrusurc and pmreagulro

Charge: 100 grame Rock Springs ncal; 1 hour atl reaction tomparatire

Tempar=-| Flow Producgts, grama Total
Teat|Preasura,| otaro,|rato, Hydrocarton|recovered,
Jo.jp.a.i.z. 9., |S0FM |Realdus| Q11| H,0| €Gz |20 | Hp EEa grama
b5 125 60d |0.123] 690 | 9.4] v 3.0 1.5 0.2 &L 95.7
56 125 (ale) 25l 59,6 |1ellfll.el LBl - 13.2 100.2

z 125 SO0 J2s| w6 |1.1) &9 L5 0T - BT .9
42 250 BOG 25 | oss.e 1681l | 2.7 | 9 - 12,4 1002
5k 250 509 25 6r6 |13el e |2 | 9| - 5.0 9.0
o S Go0 .5 k7,5 |22l 3.2 |T.0f - 17.3 102.3
33 gl so0 | .5 | 618 |aT.i|Le | e8] - ) - 7.6 100,58
57 | 1,000 600 | 1.0 17.5 |2h.5|120]e9t - - 23.1 02,1
&7 | 1,000 500 |1.0 |56l jeooioe bl - - 2.0 99,2
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mMRIE 12, - Effeet of tims of reqaction

100 grema Rock S-rings coal

=
Produgte, grams aba rbeq
Tlme = Tluw | Tumpalia- Furo-| Total |peruent
Teat (Lompers- [ Proggure, |[raie,| -ure, |Hozl- carbon| re- ol
Lo, [bare, ey p.oe.dly. |S0FM s doe | OiL|H O |CO,|00 | gas |coversd|mroduced
64 0.0 500 0.5 | @00 5L, ook b5 - | 2.5 | 998 7.3
a2 . =00 W belely] B2,y |22 9{ii.s|#,.0f - | 1.4 | 10L1.3 0.k
70 1.0 SO0 .5 B0 |Lb7.2 [22,2)38,31:.2(1.0] 17,3 ) 108.3 1L.L
TARIE 13, - Product sil prcperties
Tegt| Temrperotirs, Fraazura J1timete compozition, perpent | Agpbalt, Lignt oil .
L, By P.9.50 .. i C N 2 3] perazent ergantd
b 600 250 g.3 | 8h.2 | S 0L | 5T - -
TG 600 =060 5.0 | 83,0 | 1.3 ol £.4 TL.Z 13.%
57 ECI0 1,000 ror | 8l | L2 2l el 55.3 biyz.o
=l 500 250 9,3 | 2.6 | T A 5.0 Li,2 37.0
30 itola #0020 | 8h.7 1 LG i 3.5 - b
&7 309 1,000 5 4,1 | 83.u | GO .3 7.3 T30 kb

2/ 0Ll otlalned by gt hg jrodiet ofl at 30° O, and 1-2 wm. Og mreswurs,
7 TFor thisz test zrolict stripyed to 200% ¢, at 1-F rm. Ee presawre.

THRLE 1%, - LIitimate arelyals =f reaidug char

l

Test Temperatara, Iraggurs Emgldue, e hpelyais, parcent .
o, S, AL L. grama H ] © ] S 0 Aah
La 500 on0 E,.9 2,71 2.6 L.5 0.3 | 1.3 7.2
70 £O0 B 00 17,3 3.0 | 8L.2 1.6 ] =0 9.0
=7 £0G 1,000 37.5 ok ] 81,0 1.3 A oo okl
S 300 250 £T.6 3.4 ] s 1.9 B 5.9 5.2
30 500 B0 61,5 3.4 1 8300 1.3 A R f.b:
7 50 1,000 56 b 5.7 825 | 1B 34 2.8 .5

Cuoal |(molstuwrs free, teaze 3%, 42, 94, 8nd 7Y .24 73.5 1.6 A2 1=k 52

Denl|(mod atirs free, teats 70 mud G7) mE 7L | 1Ls T 11203 | 2

Powdared Arwenasz 1°:mibe was Flnidizad in & stream of hydrogen, preneated and
Ppiaced inder a presarre of 00 p.s.i, At 5007 ., with & kydrogen NMnear velocity o
afcut 0.2 foob per dscond mnd o the absence of satalyst, total oil and gae yislds o
2% rercent avd PP pevoent, respsctlvely, were cbtaired, Tn mdditian, the asphalt G-
tent of the product =11 waa much lower than st obtalned Trom uneets’yscd Rock Spring?
cexl, Thua, this lignite 1: eapoclelly suitabls for fluldized-bed hydrogenatlon.

Flufdlced-Ead Gydrogenaticn of Kock S8pringo coal, uolng Impregoated cotaliyats,

whick had been fouwd efFseblve in tuteh subocluve tants, lndicated that the prowence
of catalyet had v negligibie effect o the yield of product o'l. Howsver, in slmilf”
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toate {abown in table 5} made with a goal chargs dlluted with grourd coke, the use
o jmpragna tad emmondivm molyhdats se a catelyst greatly inerasced the potential oll

ogauetion from Eock Springs coal. Whers previonsly an oll rleld of 15 to 20 percent
(m.a.%. ecel) could be anticipated, by using a coke:coel ratic of 3 and ‘nereasing
the £low uf hydrogen thraefold, an cil yield of Lo percent could be obbalinsd,

PARIF 15, - Produet distributicn in hydrogenaticn of Arkangas llgn’te apd
Tiock Springd coal in fluldized bsd unlt

- k Percent m m.a,.F, coal
Temperd - 5 G ONE
Test tare, |FPresoura, Reami- kydxo-
No. Bl Catalyst o, p.s.1.8. | Tims| due | Oil|cartomsjCOz | Hal
&6 |Rock Springs|None [ula) EOD ¢ L3A.h |922.3] 13.6 | 3.3]16.2
177 |Bock Springs {I‘IE[;I_}.-___:E'IOGQ
unif luted et =00 ¢ |si.ol17.1] 9.0 ] 2.2[|1=.%
178 |Rock Springs {TH L, ) oMol
diluted
wlth coke £00 K3 ¢ F37.0 |32.0] 22,6 - |[11.7
130 |Arimnedn
Hgrlte |Neme £00 500 o |oL. 4| 3k.2| 22.0 |10.7|lk. 6

Although auch bench-acale eXper mernts hardly can be coneldersd ss more then the
prelirinaries to the procesc development work aseded to estaklish a dry-coal pmiocess,
semperison of the data from the Tluldized hydrogwnatiom of coal with trentmsnt of the
pane cosl by the "standard” high-preassure Bergius-T.G. techoigues offera & maans of
evaluatlon.

Teing data presentsd by Hirst and convorters . it ia found thet even al this early
puint in itz developoent, dry-coal hyrdrogenaticrn coMipares wall with high-mrogsurs
lignid-mhebss hydrogenstion. Hydrogon ¢omswmpbions for both mrocesses are aprraxl-
mately the sama, vaing middle o'l ag & basis. The cosl wtilisatlion or copversion in
both proceszse im roughly equel. if total com). fed to the plant 12 used aa a bkaals,
(Thiz pasis of "total” cosl fed incledes the cosl used For power dzd paa roduction
in tie high-presswre plant m the aspsumption that the crhar resldue vbtained in the
fluldized process would be maltehle Zor powsr-plant fuel and gazlficatleon,

T+ 15 pozacteble to asgume thet the lower-Iressure fluldlaed plant may be loae
csatly in spite of ths higher temperature of aperation; and, with camparabls hydro-
g=n weege and oll moductlon, & decromse 1n wraduct cost should be posaible. It 1=
aldq @ resgonable expectation thet fiture resesrch mnd developnent willl produce DPrOc-
¢88 improcvements and solve the many farssssedle engineering problems lavolyed 1n
oporating a fluldized bed under pressure of 270 o 1,000 pounda par sgiare Inega.
Oematruotion of & fluldized-bed coal-hydrogenation piflet plant is 1n progreea, which
vill utilize tha oll-recovery and gud-hendling Pacllities alrendy existing in tho
Hauid-phees plilot plant.

Variahle contaot-time unlt. - Rogk Springs coel was hpydrogensted in & unlt de-
sigrad for verying the length of time that #1e ccal parileled Ars pxpoead to reactlon
condiifons, A% a temperetwre of 450° 0., pressures of 500, 1,000, and 2,000 p.8.l.,
centact times oF 1.6 and 7.2 minutes, and, In the sbaence of catalyet, the product
Metritotion vas Frmd 4o bte egsantially independemt of hydrogen pregeurs, At 5389 0.,
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acwever, en lacrease In Tressars Ilncreased llguefuctlon end gas productiomn. These
reallts cean be interpreted on the baeis of the coal-hydroseration nechaniam adverced
in lsgt year'o report by nesuming that, et 1509 ¢, the rate of polymerlzation of
reactive fragmente 16 glow eomrared with the rwbe off nydrogematicn stabilizatian,
wherean at 53%° ., the “wo rates are comparsbls, These stud’es ars belng continued
ir an ettempk o Arrires at & quant! tative kioetie trestmsnt of the Jata.

Bench-scals coking of heavy-oll let-dowm, - fAe part of an investlgation of
methoda ofF rocaRsing heavy-ol 1 let.down frem the lignld-phese cofl-hydregenation
proccds, toste aro balng made with & semch-zesle coking unit {see fig. 42}. The
dgglgr of this unit 12 s-miler +o thet employed [n the oll indusley for epproxime-
tion of the product distributicn to be expected from comstcial deleyed ccoking of
reaidual eciln, Uneentrifugoed hoavy-oil Zet-d&ewn from the liquid-phess ccal-hydre-
gemation pilot plunt wue oubjected %o n vacLum-glripping treatment snd them heated
alowly to 150 0. “p the coklng wnit, Preliminmary results showsd that the coked
rezidus zondalned 54,0 parcent benzene-ingcluble meterial.

Hydrogermton of Feulsh lignite, - BecAuss Nopth Dekota lignites are lmportent
ar a potartial eomrec of Iiquid fuela, a stvdy kae toen made of the infliemce of
berperatire and presaure cn tle hydrogecation of Beulah gnits. The tomperature
range gtidled waa 005 o 47° &, at an ‘nltisel njr-:l.r-agen mreasurs of 1,900 p.s.i.;
2irEil=rly, at = conetant rescilon temperatirs of L30P 1, tke initlal hydrogen res-
oure waa varied fron 50C to 2,500 p.a.i. The catalyst used in all cades wes immrog-
aeted m@anum mclybdﬁ.'te plun pulfuriz aeid, which rag besa ohown 1n theze lahira-
htories o ke superior tc all other catﬂlvats for 1M gndte,

CDvar tke range atudied, liguefacticn Ineresssd with both Incress’ng temperaturs
ard prossure, but In no case waa It poselble b obimin liguefactions sprreciably over
8= pereent. Thia value is leoes than thot obiained with Benlah ligrite in »flot-plant
rine 1o whick liq_usfuctiuna above 50 pereent were achieved at a reaction prosee of
3,400 p,s.i., The yileld of "o1l" (1neluding asphalt) observed in these serly pliot-
plﬂ"lt rung was sweas S0 dercent, which Is canparable to ths maximum vaeilve of oll plus
azphalt sbtaiosd in thaes axparm.ants. A wield of aephe t-fros oil of at lomet L=
peroent con be ostedinsdé Srom Senlsh dmite. Gualltatlvely, 1t appears that the prl-
mary liquefaction is ‘nfluenced leaa by pressure thanr 1s the converslon of ssphalf o
pil, This @ ir agresment with recent datm on Reck Sprdags conl., Thes date on esrbon
diczide producstlion demenstrate that the reyersas water-gag shift resctlon

GGE+HE=GO+EED

tock place 4o scme sxhembt. This resction 18 thermedy—emicnlly peaalhle at thesoe
tecperatorse and Zydrogen pressurss, and 1tz rate would be expecied to Incremse on
irerpasing the femperatures ar Lydvcgen preaasrea,

Coal-hrdrogenation matalysts, - Extensa’ve zitudies of coml-tydrogeorstloss cale-
Iyesta and of metheds of applylng them 1n Iiguid-phage goal-byirogenatlion proceadel
wers carrisd out in boich eutoclave szperimonts. Tho imporisnce of satelyat distri-
botion hae been lemonatrated previously for such catelyeils sa farrvus sullala,
amnonlum molybdats, and nlckelous chloride. Thess expar’menta were carrled cui,
however, Zn the absence of added vehicle, and it remedined to be determined whether
the effect of catelyst impremation would be ag important when vehlcls 18 present
iritiazly, Acerrdingly, a group of exzerimsnte wes performed In which Rock Smrings
conl wmo hydrogometed in the wresoncso of heavy-oil vehicls, The Temulta showed that
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the effect of catalyat imprezeation L6 qualitatively the wame whother 7ehicle in pres-
ent or not, ub that tie guantitetive relatiarships 1n the mrodicts obtained ars
pomewiat dlffer=ct.

srevious piadies of impregnated catalrats nad &ll yoer mades o 8 Pinely ground
(1eme than “O0-moeh) coal. On a commercsial scalo, 1t would, of cociree, be more con-
yenleat to imrregnate larger eoal partisles mricr to the fioal geledirg. To deter-
mine the effectivencas of auch a prosedurs, particles of Rock Springa coal in Lhe
s. to &-mesh range were lmpregnated with ferroua eulfats, sfter whish the roal wea
poll-willed to & partlcle 3lze of legs tham 200-meph, Ticn hydrogenation et ataniard
candiiions, Bl.2 percent 1t quefactleon was obtained, compared with Eb,2 zercent co-
frined when impregnetlen was carried opt aftar the ball.milling speratlorn, Tmmpreg-
nrting the “arger particles 18 thua mimoet &89 effective as immesmatlng the finely
ground ¢ool, ard i mich more dsalrabls on a plart scals.

Fydrogenatior of yure saphalt 2t 4500 ¢, and 1,000 p,e.i. icidial aydrogen
presaumrs For 1 hour with varisua impregoated catalyaste ahowed thepe matarlels Lo Do
dscreaclngly effective for th: converalaon of maphalt to oll, 'n the follow!rg order;
gianpous chloride, tln plus smoonium chluride, ammevivm malybdate plas gulfuris acid,
mexelons chloride, and smmonium molyhdate. An uneuceesaful altempt to Lydregenste
Bruceton coal witt ooly water 83 = catalyat demrnatrated that the aeneflcial effect
nchieved by lmpregnaticn doss aot arise from the gressence of weter, It waa fousd
thet the use of ccal, 80 parcent of wilch was uncatalyzed wnd 20 percent of which wes
nsutralized and Iinpregnated wlth ammeon®im wolytdate, y-elded resultz &2 Zood As thora
produced with coal mlformly lnpresmated with catalyet. Plekle liguor, ecotaining
forroud smlfate and sulfuric scid end availabls gomrerolally where it fn wsed o re-
movo Boals ard other swrface inperfectlons from metals, produzed resulte on lmpregme-
tion gimilar to thuve obbained when pure feproua sulfete was nesd, Waen samples of
anthraxylen from Reck Springa ¢oal snd samples of the whols coal were bydrogenated
under stomiderd conditicome, thay were chesrved to exiiblt the pama bohavicur Lowéad
the catalysts ased., This gimilarity 1loplies that the resporac o Dook Sarlnga coel
towards these catelysts la a property ooly <of ths ool subitance erd not of ths ash
oon ot

Orurecturlzation of Coal and Conl-hpdrcgenstion Prodints

Progrens 1n the daveloment of & gii=able progses For Aynoreslzing liguid fuels
directly from coal has lemg becn hampered Ly & imalk of baslz knowisdpe corosrning the
ariginal zompoaition of the parent coul subetance, The imharently spimpler chen’ etry
involved ‘r the syntiesis of lisulé fuels from cATEM morcx® de and hoydrozsn (Flosher-
Tropach prapesa) aaa regulied in the rapid advanca of nomcreial posad EFiiztisa 1l
this fisld. To attain this vblective 1o Lhe diroct aydrogenati m of paal, thierefors,
inveatigatlons o the panatl-ution of coal are In progress 1o e Bruceton laporatoTies.

In attacking thin protles, one of the mont popni-ar methoda enp:nyed by Frevicas
1rwaztigntaras has been to exsmine the producie chisired Trom sane reactlcn inve!ving coal
and, from the reezlite, o speculsbs on ths atrunhire of e parent substaous. Such
studled have Ieen mede ‘n the past on halogomatden, exfdstion, reductlon, and hydre-
lytic remctiors. The hydrogerasion or peitotion of cowl yielde products of an ero-
motlc natars, and ths conatitution of these materials has Teq to the postulation of

an sramatlc or hydru-arometi: struckire far coa..

o = varistion of this sxperlmental methcd, s cumperison waa mato of the prod-
ucts untained by simllar nnd seperata treatment of ronl ( preaumably sromlic 10
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structure) and cane sugar (known to possess an aliphatic structure). This was accom-
plished by hydrogenating powdered Bruceton cosl and commercial cene sugar separately
in batch autoclaves far L hour at LOO® or 450° ¢, in the rresence of 1 percent tin
and 0.5 percent smmonium chloride and 2,500 p.s.1i. initial hydrogen presswre. The
hydrogenation of sugar at btoth temperatures produced the same amounts of water and
carbon dioxide. This indicates that eliminetion of oxygen is probably one of the
first steps in the thermal decamposition of sugar, and that it probably occurs et
temperatures below 400° C, It is of Interest tc note that about 80 percent of the
oxygen 1s eliminated in the farm of water, and only about 20 percent in the farm of
carbon dioxide., The hydrogenation of both coal and sugar at 400° C. produces an
agphalt characterized by solubility in benzene and insolubility in & n-hexane. At
hs00 C., portions of both ccal and sugar were converted to oll., Because of the
apparent dissimilar structures of both parent substances, & carsful ccmparison of
these apparently similar mroducts was most pertinent.

Asphalt. - Previcusly, the characterization of asphalt hes dependsd on ultimate
analyses and solubility characteristics. Recent develomment of a method using thin
asphaltic films, however, has led to the procurement of infrared absorption data.
Accordingly, infrared spectra of the asphalts obtained from both comsl and sugar were
campared (see fig, 43), and 1t was established that these products were virtually
ldentical, The only distinct difference between these spectra was the exlstence of
& C=0 band at 5.85 microns in the sugar spectra. Nitrogen and sulfur are known to
be present in the coal asphalt, but the only indication of the presence of these
campounds is & weak band at 8.62 microns (indicated in fig. 43 by arrows). The most
impartant part of these spectra for establishing identity 1s the region beyond the
so-called functional group positions (beyond 7 microms). From 7 to 15 microns,
absorption bands appear for vibrations of complete molecules ar for large gections
of them, I% 1s in this region that no two molecules, except opticel isamers, can
have identical spectra. Molecules consisting of the same molecular species or units
that differ only in molecular weight may have nearly identical spectra. This is
probably the situwation that exisis for these two asphalts,

Heavy oils., - The infrsred spectra of the heavy oils from sugar and coal compare
even more closely than those of the asphalts (see fig. 44). A trace of C=0 is indi-
cated in the 400° C. suger sample, but none whatever can be seen in the oil obtained
from sugar at 450° C. The spectra of the sugar samples both exhibit slightly mere
hydroxyl content than the oils fram coasl, and the coal mroducts indicate slightly
greater concentrations of aromatics.

Light oils. - The mass spectra of the light oils from sugar and coal at 450° C. ]
show a great profusion of mass peaks, but the two spectra have nearly identical
patterns (see fig. 45). Furthermore, it is possible to pick out the mass peaks due
to Cg to Cjp Aaramatics, hydro-arcmatlcs, naphthenes, and paraffins. The infrared
spectra of these products are complex, but the same bands occur in both.

The above spectral evidence establishes beyond & doubt that the products from
the hydrogsnation of sugar end coal are very similar. Carbonyl groups are present in
the sugar products, and a weak band found in the spectra for asphalt from coal pos-
8lbly indicates nitrogen or sulfur compounds; otherwise, the differences ares confined
to slight variations in the concentrations of the constltuenta. It is ovident, there-
fore, that if products of similar structure can be obtained from such apparently
different substrates as sugar and coal, considerable hazard exists in making deduc-
tions regarding the constitution of coal from a gtudy of the mroducts cbtained by
high-temperature, high-presasure hydrogenation.
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atudy of lthe Dxygen Tinkmges in Czal
mf——

Tn & mmmher of experdmerta, the nsture of the Xyepen elimineticn durirg hydre-
ermlion of partly (air) oxidized coals was studied. The nature of the combloatiom
of atmoapheric oxygen with & coul sub@lrate Is o oritical lmnorlance, 23 1t han
peon amply demonatrated thetf the additlon of a amall quantity of oxypen can havs a

of pund effect mpon the coal 3o traated, TFor effmple, 4 bitwmlnouy coldng coal,
yhen cxidized, no longer ylelds & cole, nor 18 i extractabls with aroematic aclventa,
The charBober of the groume In the eoal that react with oxygen ia unknowr. It wee
felt, therefrre, that a study of the neture of the oxFgenated produsts ohtrined by
pild hydrogenation of cxidized coals would shed light om the types of cEymen lindmpwa
iovolved in the cxldized coala.

Tn sccardence with thle objsctive, Wyroni-g nmeodlng subbltuminous ecel (lmpreg-
pated with 1 percent Fe ae Fa30)) was firet hydrogemated under the conditicns necea-
pary to convert 1t to o zoklng coal, The bengene-lneclubls frastlen of this hydro-
gerabed produst wee then divTlded into two portioms, one of which vms dried in air apd
the other In & vaguum. The ajr-Arled and vecwm-dried portlons wers thec Lydrogens tad
far 1 hour at 450° 0. under an 121tlel hydrogen jresewrs of 1,000 p.e.i, From the
data collested in this sxperdment and in one in which a sample of air-dried Bruceton
(ooking) coal that had 1lzet 1is ccking propertiss wae hydrogerated under e seyuislte
mild cocpditicns for regemerating the cokdng agtien, the following conclueione wers
reaghad.

The &ir dryirg of the banreno-ingaluble fractlon of partly Lydrogecated Wyooing
ccal greatiy lowsred ita esse of 1lgusfectlon, A llguefactlon of ebout 50 nercemt
wad Chialned, canpered with 7O pereent wheo tiw vacoum-dried froctlioc war hidrogensted,
Thie effsct muy parallel that which vocurs whien ths baneens-insoluble Prection of o
phenanihirene sxtract of Iruceton coal Is hydrogensted, The alr-iried fracilen of
thin extracted coal yields a liguefaction af 47,7 perosnt, conpored to the wagsumr-
drisd fragticn, which y2elda 54,75 psrcent liguefaction,

Dagrite the Incrossed cxygen cambent of the alr-drisd Wyomming cosl fraction,
alightly less total oaygen was eliminated by hydrogenatilon then in the vecuum-dried
Tfragtlon, There was s8lgc & diffsrence in dlstrivutlon of axrgen smeng the mroducts.
Greater relative emcunts of carten dlozide, carben meonsxide, end water were formed 1n
hrirogereting the air-iried matorial, The smeount f oXygsn in the inessluble porticn
end in the scluble portlon of the sir-dried materdsl wae le3s ther that in the vacuum-
dried material. It would appear thet the oxrgen ettack om the Wyoming ccsl materisl
T8 auch that zame wwreactive arFgensntsd atruicturss wsre Fformed thet ere hardsr o
bresk up than the czysen-contalning atructures 1n the wriglnal materizl. Cavgen
evldently iz not addsd eon perirhersl atruchires slore, which would leed to eaey and
complata cxygen eliminstion hy m2ld hydrogenetion,

Alr ex’dation of Fruestcsa ccal docem not have the great depreesing effect on
lquefaction svident 1r Wyoming coal. FPrevious reenl<s on the aydrogenation of
Bruseton coal and Druceton anthraxylon showed 1ittle aigrnificant &fferonce botwoer
Uquelaction of the air-drisd and untreated materials., It ia of lntersst also to
Maks tria comparison when the cxidized Fenseton nrel Za hydrogensted vnder gonditione
hecseeary for regenerating ite cokdng property, and hers, again, cxidetion doez not
Bignificartiy change the extent of ligquefaction., There in, bowever, & diflevrence Iln
the relative Alatribution of seygen emong the products. Tar mera carbon dloxide than
b CArbon memoxide is Formed Ir alr-dried coal, whoress 8 Trapmdarancs of carbor monox-
- 148 48 chaerved in untreated ceal,
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yron theses facte 114 weuld mppoar Lhat the attack of stmoopherie orygen oo
Truceton coml 1T different from Tta attack on Wyoming cosl. The oxygen reacls with
Atereteran in Prueseton coal o give czyeenatsd materials that are guite zuscepiible
to mydroger. attuck lead ngz to saay eliminatien of oxyger.

L

Faplfizatlon of Coal

Tortex Oonbustior Studiss for Powderad-Coal Gagiliceatlon

In an ezper<mental unit of the vortex type, the gasificaticn of coal with oxFeen
And stesm was dtudied, and & soeclally designed coal dlsirilutor wae wead, wrich
arpead the cnal throughout the wnilt by means of a apinoing plate, Deaplie & very
moset imprevement In gas compoaldion and an lnoresoe in cerbor convaralon of more
thar 1= Tareant at Hie ssms oxygen-to-goml ralio with the opirming-plate diptribotor,
it was scor avident tret some other means of increas’ng earbon comversico must he
songht, The moot promising method o8 doing 8o waa to deacrorae the gize of the maril-
cle o brirg 148 sguilibrium rad’=s within ke vortex, or, porredaondingly , hy ln-
rreasing the tangential veloclty. The vortex desipm uwsed up to thie polnt - laat ia, )
@ vortex © Poct ‘n diemeter, 2 -nches deep, and cwmtaining nins slots each 3/8-inch
Ty 2-imches - was seleched because )t gave the maxlmam tangectial velocidy for ths
gua Bwroughputa repiired for gasliicatlon., Howovsr, *f & shallower varlelr wers raed,
the tangensinl veloeity should irerease. From 8 theoretiocal gtendroint, reducing ]
ike depill. of Lhe vortex by kalf wlll reduce the olze of the perticls, leaving tke
resctisn zone by ons-half if hoth ths redlsl snd tungenilal veloglties arc doubled.

Aonoriingly, after caltzble changes 1n sguigment design, expevinents were
carried out that showed that no change ocourred in the carbom gonversicn when tho
vertex waa reduzed o 4 inchsza, Furtker redactlun ln depth to 2 Inckea decreazcd
ths parbon convars'or: by 3 psreent. As the reduction ‘n depth alze dpereased the
time mvgilable Tor mwsllficwtlion and incTemsed the ccal throughput per guble Tool of
reactor volume, thess results possssa conalderabls aignificmnce, Teets made w_ih
the 2-inch vortax showsd that, ag wes the emae with the f-inch vortez, ths carnm
crovers!on rawsiced eszsntrally constant when the ccal throushovut woe vardied 2t the
dame oEygen-to-coal ratic,

To provide greoter fletibllity for determining the effest of the gedametry of
the reastor on carpon comveralon, major desigr alterations wers mede that resulted
‘n B vortex 24 1rches in diameter, 24 inchkea deep, and containing an cotlat dismeier
of L inches, witk nine siots, cach 3/8 inch by 2 Inciea, at the top of the resctiom i
chember. Con—rary to tha results found by previous Livestigators, teata made with
8 "foreed" vortey in & reaptor scnseining a camcentric silicon carbide Sube produced
eaToor conTersicne mick Towar then thome obtalned with & "free” vortex In & reactdl
wcd ! Cled by the con'er Wie, In 6 test mads to dstermine the effect of Introducind
the massa throush alots at the hottom of the reastor, the carton comverslon wes Found i
tc be about 10 pergens Lower then for the eams feed condltionz with slota at the toP

on b reac bor,

Experimental work woth the vortex remctor ia thua being tlrected toward polrtlon
of the Cedloring vroblem::

1., To dsterttine whether the thermodynamic zehod of sorrenting for heat loeseld J
‘n terms of an squivalenl smonnt of cxygen can be szperikmentnlly wverified for the
vordex reastor. Thia yroblem can te attacked by {a) varying the taroughput to ihe
renctor, theroby chepging the xeat Ioasss zer pound of coal, (b) preheating the 3 T
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