Srnitkesia of Ligquid Fusla by Hydrozenaticn of Coal

Froceaa Devslopment

Fluidized-Ted Hydromenaticr

Trke pecaltle advantages of hydrogenating cesl n a Fiiidized hed (szes

iz, 390 d1nstesd of In the 1icald phaas hevs been mentlored in the previous
srcual reocrt, Tkla yesr's sfudlies were concerred wilta findleg cordltlens
under whick a ¢continucue Zluidlecd proceas is operabls, arnd esapeclolly w1lb
develerping & meticd of cperatlon et would sveoid mgelozocraticn of the
Fluldived meze. Twe amnll anite wers uzed for thls suwrposc; 1n one, the
coal wee heated do reaotlan temperatars in L to 2 hoars and kspt 2t thot
temperatirs for & certaln tlee, In the ascond inlt, wcal was charced only
alter tlie rewstlicon temperatare and e rate of Plow f hydroesen sad been
gateb’lishad. Tha ecorl waAs thus Yeated to resction tompeeature n Teza ther
10 minutea, and thc temperatire waz permlttcs to rlas oy =8 wich 2a 100N o0}
dapending on the amgint of energy Literated durirng the hyvdrorznation.

From the experlence gaincd with toesc witas, the Yollowlnge cconclu3iona
wers drawn: Slow heatinz of the fividized eco=l witﬂmdt catalyut permiis
reroval of the 1iquid ovoduclszs oy bie £1laidisiog gese a2l o rale sapid soowsh
to mrevent agglomeraticn., Addlticn of a catalyal cocelsrates th= hyirogerc-
tion wnder cthorwlac cqual conditliornsz to o peint where the heavy cil Aacta ==
A tinder tor the ccal mArticlea, snd auozeqagnt ookins of the aclld resolts
ix agglomeralion, Rap’d Leating o the ccsl 4o less than i00° ¢, does nok
lead tc agglameration tecaude the oll can he romored =@ renidly aa 'L is
formed. Rapid heating of # w7 verctive coml o w00% O, or nigher slag

rezult: ‘r antisfuciory omeration, In this case, the }-r~'=1t of T*L':actiu_el ratoe
the temierature of the coel particles ag that ary ligquid thst romeins on tkeon

(RN}

ig earbenized and ageloveraticn la prevendted, °f Lhe eoal 13 ok 'aoLi""

gncugh, or if an jnert AIuent [oah) abscros the ssat of tae recaction, moelam-
eration mArF ooour.
Thua, & consloucws unit #ioald Le overable welow ahoat 1009 &, or =t

Yigh enwvugh tempersurcs Lo carbontze any 1fouid rnet remcved trom t:?lﬁ cotl
mrticlez hy Fydrogen. Construction of aguch 2 plict plart a3 been corplstad,
I%ia eperable wr to VOOP 0. and permita & combact time of © minates ot 2 rote
of flos ol % pounds el ccal per Leur, The redactor corziste of o 1-’nel pipe
provided with v sorew fzeder of the hotiow, n 3-lnch pipe zepureter at tho
tep, and 3 I1-'ach cxzternul ssordpipe leading to oreastrized recelvers.  Gacoes
and vapcrised J17ulds poss crerkeed Drom ke aeparator thirotgl a zteinlesa-
stoel Filter lnte the predunt-vecovery wrotem, while tne char fnlla by greviky
through the 2londplze into the recelvars,

Serct—Foule Siudies

Frdragomatics of Var ows Comls

Tz oh ’-’—‘-"t"w'" ol tke atudy of the Sergiaw-I.05. conl-hidrogens STon orco-
832 during 4ue puot your woro dotorminetlon of 4he sultalf Ll by of varicas coala,
of firp -ﬂp”‘rl_:"t P2ity and sotivity of o nivoer of catdalyats, And of the Kinetics
of the rydrogerstiorn procesa. '
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A blemd o Westsrn Kenlicky coals wan =ennd t0 e 3 itable for use by
the Demorziration Plant ol Louizienm, Mo, Hydrogerat.od with imprognated
Serroas oulfabs sslalyst atl 450° to L7e@ o, and 700 atmpazherss gEve satla-
Pactory resiliz. A sample of Llllnels 5. £ woel , Darmsiadt Ho, 1 mins,
Meriaed, St. Glair County, T1l., waa hydrogemated smoeesarlly al bhs same
prenatre, alter rentralization of tbe alkaline azh with gulfurie acld and
Fppregration with ammonlun mplvbdate 28 crtelyat, WESL hydrogerosed atb
shout &0 atmodpherss alter impremuation with 1 parcent of Terrous sulfete,
ito product dlatribatics wan aim.1lar to that obimined From the Kentuacky cral
blexd,

Thres poa” s wers krdrogensitsd Inoz rotary autoclave at an initial prea-
aure of hydrogen of 1,000 p.s..g., for 1 nour, at L_‘}'DG ., and wilh or with-
oun o cnsalyat (1 peresat tin plus 0.3 percent ammerine ohlaridey, These coals
aume Srom Lake DeSmet Reacrvoir, Wyo.; Fatte valley Cc., Ousrfzno County , Tolo.;
ang beldy Ceal Co., Las Animng County, Cole, Uhe razults chtained with thedc
coalz sre crrpared in tabie 17 witn thooe obtained with coal from the Tureav's
Experimental Mire, Brucebon, Ba.j; Reck Springs coal, D.G. Clark Mine, Ho. S had,
Gupericr, Wyo.; 4 blend of Wentorn Kentucky coals, obtained tron the Demomatra-
tice Plact, Louisfena, Mo.; and Beulah lignite, Reulah mims, Mercor founsy,

N. Tmz. The Lake DeGuet coal samplon cerresspond o the &0- =0 100- foot, 100-
4o 1h0- Foob, and 140- to 180- foct Layers In the coml vein. The DeSmet, Butha,
=nd Baldy veala hed hlsh sah contents as —ecelved and weuld be nera gul lakle for
uydrogenatlon after remeval of nil and moleture.

An erxtenalve atudy wao wade or the Rook Sprirgs coal to deterine tne
affootivencas of varieus catalyets In the sage oF 4252 Lo L33 C. =nd at an
lritial prosavre of 3,700 p.2.l.2. of kydrogen, Trem, nickel, molybdenia,
tin, and z'ne were sed iT differsnt forms end ranges of concemtration. The
moat imporleaat sriterlon in the evelustion of these catalyata was the yie.d
nf rexare-soluble o1l which is the most desirabls preduct. Nieowel ard Lol b=
domm, improgoated on the cpal, were the best catalyats from fhat poeint of
view. FEcmamically, tre uss of 0.1 pereent of nfckel {impregmated as nicksl
shleride ir theae teata) appears prelerabls becalad b oarcduced lorge arcunts
of il and =mall swounse of goscous hrarpearbors end io cheaper even ten
jmpremation of 0.5 pereent of iron ay ferrons Falfnte,

ook Springe coal wie waed to datermine the effect ol the 1nittal prea-
gure of hydrogzen upen tho sxtent ¢ ligaefeaticn of the coal at L‘nﬁ-O:' 2. Ko
artost was notlced Jor a conmtact time of up to § minetea. Aftee Lhn minutes,
vowever, ‘nereased progsure of Zydroger (zn the raugs of SO0 to 2,000 p.a.i.a.)
resiited ‘n a reduction off tie amount of bermenc-Inacluble material. IL an-
mrars that, alter ie.3 minutee, +apmal cracking of the coal had nrnceaded to
wuch =n eabent Hhat otabilizstion o the unastureted fragrents bad becoms
dspondent upon the partini presonce of hydroae.
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Eiacher-Tropsch hydrocarbons obtoi ned with iron catelysts,

Figure 38. - Coerelotion of Iheoretical ond ohserved pruduct Jigtributions of liquid end solid
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|he pressure derendence iu the rangs of 500 to 4,000 p.o.l.g. {initiel
pressure of hydrogen) of the hydrogenatlon reaction at 4Q0° ¢, was dstar-
mined with Rock Springs seal in two serien of teste, ome wlth tin mpd tre
oiher with rolybdenun estalyst. Assuming thet the amcunt of reaction wan the
gars with both catalyets during the heating and coeling perleda and allowing
For the amernt of reaction that fakes place during these perisds, atralght
Iines wera chtained wher tke logarithm of the amount of remelning banzene
irsclubles was plotted as & funotion of timz, While the specific resction
rats conobanka thus obtalned differsd for the two catalyets, & plot of these
conatanta as A function of pressures ylelded identical slopes for both cata-
l7ata. The apecilic resctlon rats constants are therefore & moagurs of the
effizacy of the cetalyst, and thia method may he useful for quanti tetive
svelnations of lhe activity of primary hydrogenation catalyests. Furthermora,
the ohmerved correlatlon of hydrogenation wlth pressure permits predilction of
the vields cver = range of pressurea from on.y cme erperment wlth any glven
coal, thus saving considerable tlme.

Hydrogenatlon and Coking of 0113 Obiained from Coml

The modustlen of gasoline by hydregenation of eoal neceaslteten cata-
1vtic splitting =mnd hydrogenation of the middle oll, which iz & product of
the 1%quid-ghose hydrogeratlon process. TFeor this perpose, the Demenatrat] o
Plant has been udning & Germen catalyat conalating of molytdemmm, chromim,
zine, and aWlfur on a clay eupport treatsd wlth hydrefluoric acld. Werk has
Leen =tarted st the Coal-to-01il Isboratories te duplicats or improve thla
catelyst, uaing a middlo cil derived from a bhlend of Weabern Eentacky soal
and the Cermen catalyst for the orierting experiments. Removal of the rrimery
gaacline, amounting to atout 35 welghi-percent of the niddis oll, wug aivan-
tageous because more gaioline was produced from ihe atripred oil, leses hydro-
EEl waa consumsd, and less hydrocarbon gre was generated., Furthermore, ex-
traction of the guaoilns pressrvsd the phemeols and creszole contalned In 1%
frem {ak loapt partlal) destruction by high-pressurc hydrogenatien. After
pempval of the phenolic conatituents, the prluwary gazoling had & moier cctanc
mumber of about 71 snd waa theraftme auitalle as motor-gasolinse stock. Whe
secondury gascline, derived from the hydregonation product of the niddls oil,
hed & motor octans number of abeut 7%, irrespective of prlor sxiractlon of
“he oil,

Tke residual oil from coal hydrogenation (heavy-sil iet-dewn or E.0.L.D.}
tyoa migture of oil and aclids comtaining enoueh il to remeove ke unreacted
cpal, ash, ard ecatalysk frem the plant. Recovery of the liguid fractlen cf
th1a material ls necessiry for optimur untllizatlon of the ceal. The liguid
censiste of "cll,” acluble in n-hexans; “esphaltene,” Inaclible le n-hexune
put selucle in senzene; and henzene-insoluble material. One method of treating
H.0.L.D, Zz atear gtrlpping, and a contirucos steam-stripping Unit Is 110ueE-
traked In figrre L0, Dlatilled water ia pmmped by A Zenltk zear pamp from tke
water aupply tuszet to the sleam juperheater, where it Is heated by a i0-foat
length of We. 1¢ (3. & 8. gage} nlchrome V wire. [Lhe supsrhsatcd steam flows
Irto the mizing bloek, A& occond Zenlth gear pump moves the oIl from a haztad
teed bucket throvga & wreheater Into the mixing block., EBoth pumps &re oper-
ated from the same érive chaft =nd hance give & flxed steam:oil reflc. The
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mlzture of oll and superhastsd etean snters the first geparsator, vhere
benzens -inaolublea and asphel tens resldus are remaved. The volatile matarials
pace Into the second separetor (held st 2 lower temperature} where heavy olls
are separatad. The lighter olls and atean peas overhead, then through a water-
copled condenser, snd are cellectsd 1n the condensate rocelvera. Ths nwmcon-
densable geses are melered snd purged to the etmesphere, The condensed 1ight
clle and vater 1o the comdeonsate recelvors sre separated by decentation, The
rasidue from the first separator and the oll from the second separator are
withdrawn Into recelvers 1 and 2, reapectively, through let-down valves, In
thls nit, an H.0,L.D. contalning about 50 pervent of n-hexsne-soluble "¢il"
wee asparated into (1) a residus containing 99 percent of the bhenrens-insolu-
bles and most of the msh, with an almost equal amount of "asphaltens"; and

(2) a prodact conteining 99.8 percent of the "nil," the remeinder of the
"agphaltene " and very litile ash,

Anothor approach to the treatment of E.0.L.D. 15 coking, The sffect of
reactlion bemperature on the yleld obtslned during coklng of H.O LI wae
Btudied in the coking unit llluatrated in last year's report. Wiith imextracted
H.Q0.L.,D,, the amommt of distillate lncresssd from 30 o 50 percent of the feed,
vwhile the ccntent of benzene-insclubles in the res’due rose Fram 60 to virtu-
nlly 100 percent =& the coking temperaturs was raised frem 400° to 500° C.
When the n-hemuns-socluble “oll" was extrected from the B.0.L.D0, and coked sepa-
retely, the ammmt of gerecus prodnet waa smaller, Aand the recovary of distil-
late varled batwesn 35 snd 80 percent while benzene Insclublaes in the residus
incresped from O to 92 percent upon coklng over the seme temparaturs rangs.

The "o0il" fractlon sppeared to be the primary ges producer In H.D.L.D., 15 to
20 percent of the “oll" belng convarted to gus &nd benzene-lnsclubles meterial
during cokdng, The bhehevior of +tha "aarhaltens” And henzens-inaciubla frae-
tlens duwring coking Is under investligation. XEnowledge of the product disiri-
bution cobtelned from these H.O,L,D, fractlons willl merke pogeible the predlo-
tlon of preoduct dlatribution from coking of any E.0.L.D., provided itas
coamposition (in terms of these fractions) im known, Compariaon of results
obtalned with the cokling unlt and those obtained with e commercial comtast
coking wnlt showed the reaults to he syulvalent, sco thet the datsa cbtalned in
this amall wnit will be naeful for the deslpgn of & large coking onlt that 1e
to be hullt at the Demonetratlon Flant,

Characterization of Coal-Eydrogenstlon Froducts

Corpopl tion of Gasoline Obtalnad from Ooal

A pample of grazcilne producsd by vapor-phass hydrogematiom at the
Demematration Plant, Lovialane, Mo., was fractionated ms follows:

Bolling podnt, “C. Wolght K percent. of gmasline
Eﬂlw ﬁﬂ'il-l.liiihtl‘vvlii ----- B.a
B0=1500 cenannnrnrans tiwasassas 66.3
150-185. .0 iinen v ia cranenes 13.2
ADOTE 185, 0 evnsnuasnnnannerns 1.3
Tolatilas and loes..... caeaene 5.0
T8 e i ntnnnnssacnnsonns 100.0




