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449868

The prezant inTenticn ralates to the productlion of Mquid
motor fuels from solid cexbonacecus maberiala, More pertidularly, the
present Inventlon relates to mwm;‘.s in the prnﬁuctiml,m-‘ Ignmiad
webor Fusle, such ee g_a.sal_‘mé; fror solid parbonacecns ﬁﬂtariuls coartalim
tng volatile hydrocssbon conatltuents, such as coal, ligntte, oll shals,
mud certatn caliylosic materiale, by eubiecting the. starting meterial
to 8 dlab!llatdore-extiraation t;-agtmaﬁt- in thqlpmmﬁ of athydrooarbom
511 of sutbable bolling aharsoterdabics and vecovering liguld moter fnels
fxam the Alatillsta svtatned,
H&mtufnra, a0liy carbunacecvs materials heve bean aiaﬁiu@a
10 the preRence of hﬂmnnﬂ:m oils of natural petrolemm origin, Viien .
aucsh a patrnlaum u:ll ha-r!.ng hoiling oharacteristica appro::ﬂ:mt-ing thoes
| vl tha volatile umatltuantﬂ uf tha aolid material ia uged, & Bt aw
_ sopduetion. of haﬂt. i an idoreacsd ;r:l.alli ot 115}11:- hrdrncar‘bm produnts
ara datuyad aa ﬂmara:l with dry Alstillation prooossea or upa:-at:l.mu .
inwlving the ues of h:l.ghur botling miperal oily, Ab the pame t-im.e the-
miner=) oll is yartisily coeverted into lowar hn.’r.ling Frodunts w*th .
f.n:-thar increased yislda of 'raluahla lw boilin.g hy&rmar'hm cd,la. _ Tha -
use of sngh mineral sils a.].au reducog to Somo erhant the nmw.nt of pltch -
and tar in the diatdllates cbtalnasd which #or thie remamm represant ap
mmvad aharging atp-::k fop su!:-sequant cracking anfl rei‘nmﬂng GP&I'atima.
y However, the uss of h,ﬁrﬂrmar‘r:-un vils of natural patrolam ‘origin -
in- tha &1stillat,‘r.m of sﬂlid carhmuuam mt-en:*:l.ala inml-ma seriong dii‘fi- |
anpliiaae, The diiatillat.aﬂ Etill r..mt-ain Eubrsta.ntial m‘mts of pitch and
tar unleas tha'ﬂigtﬂl&tim 1a Timited to the'rccwerﬁr:::f. itght to-
' _méaim *nouing'mié Leeriog mlﬁblu heavier sanetituents in the rosldus
- ahd thnﬂ *.mava.ils\bla 'rm- tha prnﬂu-:tim of motor funla. P:i.t-ch anﬂ L:hy

ame rmf;anials -:vf rﬂlatiwly Low '_ru-arcgan cmtamt, t.he;r ape Termed from tbe
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gclid carbonacecus meterials when muplected to 4lstiilaticn. Eydrecarbon
olls of patursl potrolom crdgin, dus te thelr nopmlly nephibenlc character,
have s atrong aclvent pewsy fop pltches end tare. When Ghe carbooaceous
materiela mixed with such netural petrolesum olle are ﬁiati_iled clope to
dryness, substontlisl smounbs of pitches =nd ters ave cerried loto the
‘distillate. Thia reesulis in increa&ed ooke formetlor and premeturse cata-
iyat Eeactivatim in case s &‘T.st;illuteﬂ ere aubjectad l:-r:' mofdeyn creEck-
ing and. refwming proceddss for tha rnrndu.ation of high cobkmne moboy fpedd.
i Furthornore, tha use of o h}r&ruce-rbm ¢il of nabural pet.:r-ﬂlsm _
oelgin invelves the chavgiwg of from 5 to B times an mm o1l ma 13 re-
sovrered from the cosl or other carbascoous mehardpl, As s result, the
aporatlon noxmnlly hee to be carvied oub $n conJunotlon with petroulen
rsfining oparationg of 5 ta _:L':J timez the memnitude of the dlstiflation-
extraction ﬂpﬂmtirl,n and obvlously dosa not conebitube o method i;-.f' D‘bt_'.ain-
 ing 1iguid fuelo Prom ooal or other 2olil carbonastous nuterdels when and
. _vhér@ sl ey a.r netural petroleus oils az;a'ﬁc'rﬁ avallebla.

fur: jwvonticn providas mn imprw&ﬂ. mathc:rﬂ whewsby these dlffi-
agltien mr he waraﬂma.

1 ) Tha main cbject of our inventiom, therafore, relates to dmprove-
menta ‘l.n_the ueilizebim . of eolld derboneoesns maberdals, awch as ¢oal,

" lignitm, ol sha.l.a, end the ke, for ths econceic profuction of maximum
quentitiss of high ostane mekor fusls by dilatlllstito-sxtroctlen of the
aoliﬂ uatariale.

another objsct of owr Invention 15 Lhe Troductim of & meririen
amomnd qf 1iguid Llatillate aubst_-ant.:lall:,r fres of cﬂka-fm ;it;r:.:hes .
-1 o) b;i' dlatillatim-sxbrastion of eolid cexrborinceous mtar_:lﬁla of
bio t¥pe Apeoified in bhe prevense of 4 mintwun amount of wultable hydzo-
c-..arbtm tila, : | . . I
A mops epecifls ohject of o’ inv.ﬂpt:;aon 1ﬂ-i'.c: prcvidia a pone

tinucue procesa of converhing sqliﬂ carbenseecns metarizla of the t;.'pa.
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gpunlfied into mﬂximm.n guartitles of 1lquld hypdrocarbim olls of tie mobor
fuel bolling rengo by a dia't-illntimaxbm.ctim mebhed which 1 indepemdont
.of sktransons gources of Mguid bydprocorbon oile,

Theae and other objects of our Inventicn sre accomplished in
goneral ¥y wiing in the d1sti1letim -extraction of solid cavbopasacuy
materisls penbaining volatlls i:;rdz'ocarhm:-.. oometitusnts oo soyolic type
._‘..L,?drn::&r'bpr.l. u::.d_.l, preforably o predominantly paraffindc cil, heving mn
e x'_boi:.l.ing ﬁnint é:tn,tiém to that of eald volatlle constitunents, =nd pre-
farsbly n.eyathetic hydrosnrbon o3l of that character whick way be
abteinad by subjecting tha 41a6lllaiicn rss!.&ua ‘a_o a';a'atsr gap reaction
with gtogs, chtalning o corbon meoncxids-lydrogen synthesis goe mixture
From the water gas ﬂnd ayrbhealzing Hquid h}rdru::arhma Fyome thie gas
aunﬂrding 10 wall-known ceizlybls mmthnda. Baaauaa Df the abaenca ef *
smr:nnrt.:l.t..a and naphthense in the a,?nthatic nil ueod 1in the diwtilistion-
exhrnctim, a swaller c:mmmt. of cll thes harat.ofﬁra wged, for 1natam:a
e gquantity mob eubatentinlty grmtor thon the guantity of ‘mlatil-a cila
omiteined in the molld maberizl, mey be employed; the total cil may slao
._ bea ma_ﬂ.e up iu part of o1l chtelned in the extracticn pr{.:casu o freom

) un;',r c:on*reraim theyract. The synbthetic oile gre fres of pltohos and ters
and ve have foupd thot when: ua:lr:g thess cllz the pltch gnd oy of the golld
makarial are olther ruta.inaa oy Lka aiatillatim rediius or converted ingo

" lowar bodIing, am-coking cila ac thet the procass yields o ﬂubﬂtmtiﬂl],;r
pitoh- end ter-free dletilinte of cnusid_em'biy radused ‘coking Gendenny.

Crhhar Ohj;iiﬂt-ﬂ and pdvenboges of o Inventlon %111 sppesy from
the fcllcwing Icrrsr doballad ﬂsacripti.cm end uluimﬂ.

- In the acommpanging driwing, Mg, 1 {1instrates 'Iaiagrmucem
by meema of o f}m;r.un & proferrad -m’::nﬂij.:yan; o owr Inventlon, and Flg, 2
_g'im_ilarls' 11lustrates a prafma&-mcdi*icratim of our watw.gaa.gaﬁerat,im Step,:

Rofereing now In detnil %o Fig. ], freah gromi soal, cf’ wkich

N




47§ type but anthracits way be used, including pess, lignite, browe vesl,
bitwtinons soal, etc., enbers the presemt oyatem through line {1} by anr
galteble meens (not s4cwn), for lnstance, by means of a sores feeder in
commloatlon with a8 sultable ﬂu;IJP].;'-" hopper. The coal 1 dlacharged
iato"1ine (P} and miwsd thersin with a hydrocarbon oll predominanily
pazeffinto, with an initial bolling pofnt sbout 300° to 4OD°F,, and hav-
ing an anﬂ 'bniling podnt of not hignes t.han Too" to BOOYE, Whers other
gclid sarbenacecus meterisln pre chorged, this end boilmg palat may bo
aumewhat higher or lowsr, hest cperation bedng nbtamad wh.aﬂn it 18 about
the aame ag the e polnt of the volatile comstituamta to ba sxtrucbed
frﬂu the carboneaoecus pelezrdal, Thie cll 1s nomall;s' groguced in o later
gtege of the prucasﬂ ami su;ppliad through re-:}:.rule 15.na {17) %o the miz-
ing some of line {2}, as will appaar bereafter in more detall. Daring

the staréiog pmﬂud of th..a prccaau,.arqr extranecus hydrocarbon oil bayv-
1o thé spocified bodling oleruotorlstles n:I.E!,‘f be lntreducsd inko t.ha. )
mixing zong nf'-lin& {2). through eupply ldne (3). The conl mndfor oil
supplisd to liue (2) mny bs prehested, IF domired, sufficlently beyamd the
tnitdal bolling point of the oll ::m. t:hut. the mixture of cosl and cll
sonalety at laua*l'a bo p gubstantial part of = suspanston of powdersd wcal

. in ofl vapor. Tne relative progortime of ooal end o1l in thie zixture
gra melnbalnad at uhuut L ih. of ecol per 0.2 0 1 10, of oIl, XF suf-.
Ticient o1l i vaporized st this polot to sugpend the E{:J_L:Lrl metardial, .
speroticn may be 1n the lewsr range of the proportlons givem, =.g., !0'35
o 0.5 1B, of #11 pﬂr 1 b, of coals 1T marl;:r o0ll the 011 remaling 1:Lqu:|.d
at tule yolnt, the graater emownt of ofl 1a roglred, o.g., 0.6 12 0.8 Ib. '
of ol per 1 lb. of coal, but. the trectlng time mucr b= ra-._iucmd 1p the
Lefbor onge,. The mixture of coal sad oil 1a 7assed from line (2) irko -
ths dtstlllation-sxtrectim zeme (4}, whore 1t 1a iﬁﬂint.e.:.i,nsd at o ;:.ampa_ra-
fure of the order of TA0¥ to BODSF, for s sufficlent length of bime o

. @scuve subebaniislly scoplets wapordization of the of) ond the ‘ml.e.a‘ti.l.e'
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i’

conptifuente of the coni. Yoot For this reestfon moy be supplied by
ohereing veoyolad coke and/or neh obfodned at a high temperature of,
for ingtence, 1500° to 1800%F. 1n a Inter otege of tho procosa thriwgh
aeither or tlﬂt:_h-!)f Mres (3) and (£} dnko Ame (2)0 Tt deaived, ths re-
sutlen mey be corrloed oub in o vewsel dAoaigoed to tranamis hest Shrough
the rebaioing wolla te the reactlon zong, Such equipment mey comelst
o a ‘hu'bm—.lika. fornnce if ﬂnntinur..nm oparatim ls requlred or it ey
involvo the wse of @ drur-type retort, IF nent swpply through the walls
of the dietillation-axtroction chamher is contemplated, the heat required
m2y bo supplloed by direct firdng or may be obteinad by indirsct heat trens-
far with the gna genorsted at temperntures as high ma 180Q° to 1806°F. 1n
the vater gan raa_::t-or to bo doperibed herecfter in more detail. foe or
ters of tho sbhore methods of r;at-c-rting maF be used In the same sra'h&m.. _

8 inddented before, tia cil may bo pr{aaent In Mne (2} glither
.in the llguid or In the 'mpor Thade. However this nry be, the oll e
caplotely veperized in zona {#) to form thewsin a enspenaion of powlersd
cﬁui 1x o1l vopoys. In erder to amu;ur'a oosimum h&ut conduetlon snd o
'prupar-‘sjm of yaatdencs of e povdsrad uoa.l in zone (%), the vepor _
TeloclEy énﬂ the particle slde of the ocal ia zome (4} mey Be so dontrolled
a8 o dotae the phenomshoan of "nindered sottling" and the foprtdon of £
dongs enepenaion of powlersd coml 1n the oll vaper. Tols ia ﬂucompliﬂ;hbﬁ
in koown menner by maintalning u;apl:lr velaciilen 1o zome (&) of 1/2 4o
10 ft, per seoond, prefersbly 3/% to 3 tt, par mspond, ard ccel porticle
c@izee of from 50 to HOO mesh, . To ald in 2] dlbtribution of the emtaring
gne euppension, u perforated memberz'..{liﬁl mey be ddpposed nesr the botbom
of di:ﬂtiuatimra;tmctim gome [§). The oveysge residence Lime of tha
powdered coal in zome (4) may rengs fram 3 to 30 minutes, & icnger treat-
Ing pericd glving gowwhob proaber per cent extrnoticn.

A sumpenzion of ooked aiaﬁllat:.m ﬁaidua in o wizturs of =11

Topora and vaporews volatile consbitmenta frowm the coal 45 combinmoualy

-
—o-
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withdrnvn cvarhesd from zome () and puased through line (7) infs a

vaper eolld separetor (8), which mey bo of any suitable known dssign,

Euch ae a eyclms soparstor, a Cobtrell mecipitetor, or the Mke, Alter.

nrtively, the fumctlons of veasels {4) apd (8) mey be carrded putiin =

flagle vesael, 1n acaarﬁ,.:moe with Imperoverente dn the f1pid selide tech-

hldue Imown bo tho art. . :
Frsm s.ap..arator [8) nydrccerbon vapera cre taken overheed mnd

preEaed thﬁmgh :I_-lna. {3) to a gadoline recovering plant \rhich.ma:r Com-

- prisa A c.mvar-sion'rplant {i1) end a froctimmating colum (32}, o com-
voreiem ylent (11) the dietillete vepors may be subjected to therme] cr
catalybic -oracking to inovesde the ylald of high vctane motor fuels. . I
ahowld Ee'undarat.ood., however, that any other dseired refininz troatment,
such 8o thomsel or catalyble refepming, mey follow or teke tho place of
the cracking trestment in plant (11). Tho creoked and/or reformed dlotillate
-13 Tracticnated 1n colum 1,':12] into o gaeoline fractlon withdrawn and
rassed 0 storege t.hu:-magh.lin'n {13) end & botbom fraction which may be

| olther vithirewn for Further trentment o otherwiss dlsposed of hhwough -
ize (114), vecyoled to colum (12) thvough line {15), or reayels: throngh

" ifnes. (16} and {17) to the mixing zeas of lina (2} to furnigh /ﬂ.t lenot &

petbion of the hydrocarbon ofl veed fu the d1atlletion-extraction zons,
mmﬁl:!,y gazsons productes ai'a Witidrewn overheed frae colum (12} nnd my

. ko sither disomrdsd or pesasd through 1ihe (i8) fnote lins (19} which carries
EEecy and exygen fov purpoEss dsdoribed Bolow,
o Retumi:ﬂg now 4o separator (A}, coked Atstillation residus ig
'uit]_:dr_a'-rn.- dovward i t.hrm:gh ljl.na {20} and intycduced intc line (19) corey-
= ing F:.l-trEL_i‘-H entt caygen and, 1i‘ deslreﬂ, gadaons prodncty from the conversio
plant 40 Partt a cokesifh-gns suepenalon whish ia ccﬁnre;irﬁ Into water gao
genernting plant {2;1] vhete _the; c.oka and any. hﬁrn&:n:g-bon Sagas pr‘agmt'a-’ra.
.GG-Z'J..'l.I'EiI‘i.'-Ed inte éate:r..-'gag conalating of l{}'EI.I'b‘I:.I.. menexide and hpdrogen.. The-

Ireductlon of water gae ip plant {21} may be cerrled out In oyelic Feabior

i.- .
3 .
* z R R T e ol Fiah Wik i R g R L frats T 3
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witk Intermedinte rohoating of tho coke o which sese the addition of
oYyEen or crTomm~besring gamen 1e not reguired. It 1z ordlnerdly mors

dealrabls, howersr, 1o maintain continuoue cperaticon, in which case a

"®ater gap generater -of the well-kEoown Winkler type veauiring additiom of

oXFZen My be veed. Ghe coks muy bo cherged to the stesm-oxygen mixturs
by any Inoen means tui @irect charging from separator () makes use
of the exsess heat fram the ﬂistillatlm-axtractim BtaD . _

Thﬂ prodnutim of water ges in generabor {El} tukes pla(.s nt
temmereturea of the wder Df 600" to 25[}D°F. Steady opexatlon of o

Winklar s gmﬂratﬁr doea nob involve cayry-ovey of B lﬂrga'pruport.icn of

 oolid materisl in the gases memufactured. Tt 15 ordinerily necoasary,

however, o provide aomo mooang of gsparablog :f'lj.r agh or the like from

the wator gag. The genprotior mey thareftre sonsiet of o roneblon 08 o

_ acparetion zone, the Plret of vhich may partielly carvy cut the fusebiong

_r.:f bhe latter to verylng dogreen. Thum; incomplete cctivevelm of the cokw
MWL allow .t.hﬂ.\rithd-mwal of inconvertad soke dirmt'l:r from tha resstor Tedy
" st a ° high tempersturd and ite uss as a henflng meddum An the distillatlon-
"eﬁmctim atep. This meterial will orddnardly be b o hempermbure of tas

Cmrfer of LA00% to 2500°F. mnd will thevefore provide relatively large

amctnts of seneible hoat in boing cooled %o the coutlet temperattre of
atout S00°F. of tho ﬂiatilluticaavax{'-radtim TLng. Such hot mau:ivart.ad -

oo ey thorefore be wltidraun fren pls.nt {El} downword 1y thrn::-ugh tina {-5) '

and passed lntc Moe (2) ceryying the suspenslon of ceosl In ydronarbon

cil dogerdbed before, Altsinntively, 1f plant {21) 1o cpersted mader such

amrptltlons a8 to brelng 211 m:zmvartaﬁ pollde orextend fvan the gas

‘gemerator, the unstnverted sollds to be wsvd as g hoating matorlal of the

 coal-in-cil suspenaion wsy e wit.hﬂfa#n, Wirlie anependod in the watsr gas

e

similor deelgn ng semerator {8), oaporated therein STur bhe wabsr gaa aud

teded from the debbom of separetor (23] thwough line {5) to ths cosl-in-oil

"

ity
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punperoioy In line {2}. Tn sither ocose, provision shonld be made for
the parging of some of ;ha plid fmteriul iz crder to prevent ash Trom
tallding up In the s?s;em; For this yurpess Hnee (5) and (8} are pro-
.vida& with purglng ontlets (55) and (58). Preferably, the water gas
genepation fg carried ont under such conditicne that sufficlent wncon-
Tarded aol;ﬂa ey e withdrewn through Mne () to aupply heat for the
Eiﬁ‘l.:.ij_'l.atim-érhrantim atex, 'whil.a.tha weker ged gansratsd 18 tako over-
#a&ﬁ through line (22) in which, 1Ff dssired, wasto hent ogoimmant, such
ne woate hsst hoilers, eacnamlzera, atc;., may Y5 loderted. Thia arrsoge-
mark hogy Lhe odwontags that sepsretor (B3] mnF'ba degigned for omelder-
a'hlr.j leer temperatures then exlot in tne gmarutoﬁ'. The copditioas .mz:;;r
bo g0 eontrollsd th;t-tha~anlid metetinl goverated lz separntor (23]
conaiata exvlueivaly of aph which may then Eé.ramnvaﬂ af a whola from the
ey atem, . o '
It- Ty not- Yo deeirable to aubject all 1:£E‘ the ccka p'r'oﬂ.mad in
the diat!.llat.im-axt-ractim phep to = smveraion int:o tmtar gae, Ta thle .
ange port of the ooke yemored frem gepersbor (3] tfhroush llne (20) mny be
tnlon out through iiné {120} to tm flired 1n 4 boller fuwmmce or othe v
Lo fuﬁﬁﬁﬂﬂ squlpped for usloz . pewdered solid fuel. If thle matemiﬁl ia uaed
dirastly, nuhatnntinl_pfﬁha&t 1s a?aiiahis. Other ween of the coke not
aubaﬁnte& tu'ﬁha wutnf gna.rﬁaction are posglbls, sepecially if o drwm-
t¥pa retort 1o used in the distllloticn-extrastlon atep in which ease the
colte mny be obtalosd in lwip ftem, An nlbertmtive method ur'umm-ts.ug
the cnkad &1atillat1mu rﬂﬂiﬂue intu wabar gua will te deacribed below in
ooenaohion with g, 7 oof th.e ﬂr&wing.
Returning oW to seporater {“3}, bha carbon munnxidﬁ mixtura 19_
- wifhﬁmm through iine (24) and pesged to the hydrocarbon aj'nthaaia-plmt
{E;']I which 1o aparated to proﬂme T }’il&ldﬂ of nmm_l:.r li-luili h;r&.ro-
garboee by any -of ¥nrlous oW m?thuﬁﬁ. For exerple, the resctlen zay e

sonducted ot subetentleily atmospheris or moderately slovhsed pressurss up

G
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to 150 Ibs. por dd. in. geugs with catalyet ombalming metadlic cobsle,
iron, ndskel or copper, which rey be 1n adrixbure with prﬁnﬁara auch &Y
cocldee of chrombuas, .f.im.:, almrinum, magnesdon and the yers earth metale

_ n.nﬁ which may be depoalted cn car:‘i&rﬁ,, auch np kleaslguhr and prmice, sod
_aynthetic gala, ewnch ae h:fdmt.eﬁ glilicn u:ld,a."or alurd e, .Optmmﬂ ayniheaiz
gﬁa cumpoettlon v;rill mﬁga from 0.5 to 2.5 volwmes of hFiregen per volime
cof- carhon meonoxide, .ﬂ:apanﬂing on.syntheats cabalyat end condifiony., For
-:ma"t.enca, with ;::.n'balt catalyat, synthenla gad 1g snpplisd prafsra.‘hl:r in
L] ratl{: of ebout L mol of car’be-n renorlde to @ mola of hydrogen, the propsr '
cn::-bm munoﬂde-—h,yﬂ.mgm ratio boing dbtedned by a propar edjusinent of
the omount of nocmf::t_l:r gasooa roastlon producha mapplieﬁ together with

_ ‘the steni throvgh lins [19} to the vater. gas genaratnr {p1}. The carbo

._ norn:ido-]:wﬁrﬂgan ratio re;aliznhla foom ﬂt:aam rs&*mmution of thoas gasaa
dir:t‘nrm From 'hlbf'.t- {hbtnﬂ.ned f‘rm the shaam-coks ra:snmtic-n rlens and Agpande
o thﬂit- csmt.ant- ﬂi‘ lowor h:ﬂrnmr‘hon goaed, h:p'ﬂrngan, carben mencxlds,

) _sar‘bm &inx:da, e’w. 2 unﬂ i‘.he exount syellatls, thue nﬂdviﬂ.ing B cm?animt .

"‘maa::.a of uﬁjuat-iug the cnr‘hm menoxlde-kydragen mtin by umtml]iug i‘.hs
BaunpLY of gaaaaua prnﬂn-::t.s to tha vatar gos gmaratw. ma gynthasls gna

- of prc-par coapositicn 1 raautea in syothests plant {25) nt Lanperoiurss

' mnint-niuad hetwaen 350° and L30°F, with mtmate sentaining ccmpounde of
'nu'mu: erld mognosls end betwesn 550" and £50°F, with catelyatd cmt.aini.ng',
1ron, m‘ta:aaia ploot (25) mey o c.:-pamt-sd wlth ge:md rogulba using the
fluid cat.ﬂlarqt- t&chniqua.

Tha eynthetic n;l,rdmcarbm prcﬂuuﬁa leavs sthed i plﬂnt EEt‘.‘r}
. thmugh line {26} to ented fracticiatiag cnlum (=27) where tha;?‘ ave frac-

: ::m,ataﬂ Anto Iight. mo‘::-cr fuel uithdraun t..'l::rmgh line [EB} ﬂiéasl.fual
w:l.thdravn thrnugh Hne (29}, and n hamriar fraction having an md bciling
) noint of shaut Tﬂﬂ' to BOLTF. md the peraffinicity -::Haract.arist.iua -
: rsqujrcd Lox t:ho 'Dil umed £9 auapand ths frazh ooal vSi:l.m:'gali 4o Imé i1

thig intber fraction is withﬂmm from columm (27) theough l:l.nc [30} ‘andfor

3= -

L B e D R VT T i TR e Shpsl L TR T R R e
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'(51] ahd recyoled through line (17) carrpring pump {32} te miging iine
{2}, Symthests tall ges la taken overhend From ovivmn (27) through Mue
{36} end either recyoled through lines {37) ond (2k) to hydroserbon ey
theala piant {25) or pazeed through lins (38} lnte the stemm fesd line
(19} for the woter gan gemerator (21} to asplat In tho odlostméat of &he
" proper ratin of satbon mmmr;i'aa end hydyogen in bﬁa wnter gas uoed for
the hydrocarbon emthesis, JTd will be undsrstood thoat mm amount of
gan mmat he purget from ths hydrocarbon eynthesis plant cireoulating aysbten
to avotd bulld-up of inerta therein, This may bo dune convenlently by |
withdrawing tall gas throwgh lins {138} for use as fusl, as inddcated
an the drawing, '
I dasired, a vepordzer (33) may be provided in Mnme (XT) te
. woporize oll charged to mixing lne (2) when 1% e dseired %o sumpend
the fragh oosl In 'lrapurit.ﬁ c;ﬂ.. A8 inddcated zhore, hmraver., it :_la nok
nacensayy to pmvids a vaperizer in e {17} dnosmuch os the hishly .
. haat.aﬂ. nu'l.id mt&riﬂ.l f:'m the water gna gﬂnﬂrat-nr mey be aq\.ﬂ.ed thrm:@l
Mnea {5) snd [6) to the aswspension of aoat in the 1.!.-11116. ol in 2 manher
’aim.‘l.lar to that aiaclmsd 1n tho Canadlan Patont No. 1I12,959, iaau.arl Juna 1,
A543, mmm whero the intrainckim of hot eolid magerisls into
‘. - “water o the vaporizatics theracf im aaaurihad. In thia cose it may be .
| pdvissble to Teed t‘né fresh ocsl imte lina (2) at g point Eubaaquant.: o
ths coofluence of eithor lina {5) or liue {4) with lne (2), ﬂﬂp&nﬂm T
. whic‘n :}f thene ll.naa in uaarﬂ. f‘ﬁr ‘B gupply of- hot pollde from ‘I:.hs wator .
Zad ganarat.e;‘ {21}, . _

- Pepending on the typs of coal charged, the exmct charﬁmawisuus
of the oil recycled, at-v;., for lnptnnes, whers coml of lew solatile bab
high bitumen oontent 1a wsed and the ol) cployed i n some ;iagraa
artmatis a3, for instance, when a large _portim. a£ ths Tecyole ol 1s
auw?l.iad. from the oomyversicon plent threugh line [15), fmproved 1-_95;1111;3

may bo obtalned by cherging the fresh coal to oll In the Mguid state

“31.
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without pretiminary vaporizstion. This mey be scconylished by carrying
out the process md shown on the Tlowplan, weing bypess line (34) acd
feading fresh conl ahead of the pu:l.n't_-. of emtyance of lines (5) and/er (8}
inktn H=me (2). Tt magy alde e dealreble fo provide tice for scaking
the doal $n the oll at tempermtires at whleh at lsast a portden of the odl
w11t remsin in the Iiguld dtets. Thls mey be accorplished by providiung
ooaking epace betwesn chaxging condulia {1} erd (5) {or (&)} depsnding on
which 1s used), e;a jndicated at (33). Close sad effective control.of the
Hoaking tmftmaﬁtura-ﬂ'aﬂtimal vaporizaticon relaticn may be obisined
5 intm&uciat;g the reoyeled t'..é;np-arat;u:ma-umtrnl saborinl from waler gaa
generubor (21} In & combrolled Pashisn thraugh a multdpiloity of charglng
écﬁui‘ha'aimilar te {5) (or (6}), with scaking Zones simller to that
Andloated at.- {55} ; Tollowing eech cherging potod. .

" Bolids Euppl;r Jinnﬂ {1}, {51 ond (6] ma;r 'ha saratet ﬂtaﬂdpipeng 53 -

' they ere unr:mn],';r use& fqr tha BUBEly l:s.F' sol;l.ﬁa in t.ha ﬂui,-l ecllda tech-

. oidue. _ﬂ.a aax'ation gﬂ.ﬂﬁﬂ, FIue gaa may de uar;ul Tor 11ne El], HE'EE; dgzgw".""
for Jdnes (5} i {€), or atemm’ far wny cr_uu of Lines {1}, (5} ond {5}.
Howaver, ﬂl:ﬂ;na ﬂﬂ.&ptnt-i;:sn of the ﬁrncsaﬂ ey meko other wogne of sclits
: iﬁ‘l:.rndimt:l.m more ﬁbﬂiruﬁla. For inatonce, w.i"r:.h Limited vopoyrleatidn E:'b

) thawgmﬂuonca af :‘Linaa {1} and {2}, & adrew anmrayor, lock hopoar o

' uthar meshs of pnait-.ive presaure intmduction may ha cf gr-satar adTantagn,

In caae 1t 1a Elaairad to azpply tha hest For the 3ieillaticn-axtraction
stap tiu'qugh the rat.aﬂ.ning wWalla. of the distillat-im-axt.ractim chembes: {B,
the. E'DEJP].J" of tan:gamtura-cont.ral' mﬂtarial f‘:rrm Water gag genorator {El]
t-hr'mgh 11_:;@5 (=) .{or {6}',! to dtspensed wiﬁ_h tnd the fresh scal anapenﬂrsa :

R 1n the recyelsd oil.]_. iy pessei through a heating seil {nct .ahm}., fired ;n' .

much & mapner a8 wAYL give the deoived ‘osking. time-bavperabire-fraotimial

‘F&‘pm'iz:.ﬁtil::m ralation. In any ufll,sﬁ, the ﬂnﬂl tamparﬁtmra im c:arria-ﬂ, to

- a'pprmdmgi:-el? f00*F., which io the bempereturs at whick ths racyelad oll .

[

s
o
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end .aL'L volatile copstitusnta to be axtruutt.:ﬂ.-frmn the co;a_l aro smple-talﬁ'
ddepdlied off. Thino tonpsrabure mey ha Elﬁewhat nigher or 1grwar, derpond -
ing on the chavootor of the solid carboncesous materlsl charged.
It s nurrelly not desirable to sarry the distillaticn-extractien
. of .tlua conl to a temporature greuily sxoseding abemt BOO°F, in ceder to
avald the extroctlon and formablon of uinﬂeairahle ‘pitchos, targ ang obher
Liquia, tut Tisecus, strongly wmmeobmneted maf_asriﬂla which ara pefractory
B cm:a]:!.ng. Bowover, %t 1s one of the e;ﬂt'antagaa. of cur inventima that
the #tatlllptico-exbractlon mey e carrisd cut st nmaiﬂﬁbh higher final
A1st1Lldtlon-sxtrection tampa:'at;glreﬂ wilthoot producipg sn wndesdrehly hizh
rrogorfiom of tor, alteh, emd the liks, This f‘mr;rnblc- effect AR due to
the ortrems paxsffimleity charactertetic of thy aynthstic hydvocexben ollo
uael 28 the a:’:’c-raat-ing' oll. he e rasult; cc;nﬁidai-ablr more cracking Moy
be cerriefa ot in the ammmﬁzm-ernmctioﬁ' étsp and a-l‘lghtar ol ceri-
tei.n.tng a lnrgar prc-pn-rtim uf‘ matoc:' o avi e:t.icm Taal nm:r e producad }
&1:'9':.'1:.]3 Frcn the mit. -' “I'ha mu;:mg Etap I;'I;uxd'haﬂ 1 cmnacr,im vith
& aonmramn pla.nt {1.1] ru.az.r therefore be u{maidarahlr radussd in mgnituda
g::b. may, aapmdmg o tha diatﬂbuﬁ:.ion of pmﬂucta ﬂ.a.a:lred, be dizpensed
with antdraly. .
. g, hcn!avar, .1|.t- 1a desired to reluce the bodling wmenge of the
Aietillata rrl_:n 'c-he- diatillai;i‘muaxt-ractim rung gelderally, the Ada~
" t1iiete may be subjested to aracking ir ylaﬁt {11) %o croduca nﬂdi’s:l.mal
gnmunta of gascline, e2 cutlined before. It muy e fiasiral.‘.uls to f‘rnctimuﬁa
tke a1zt 1lats bafore wnt;kiug or Ehelontirﬂ #lebiliate stroam moy ba
-cra{:k_ad. Th either came, conpidershie saving. rasulte whan the 4istlll=zte’
1s charged from as;émtﬁr (3) 6t a t-amparntﬁ'e of apﬁroﬂsmt-ab_r Bo0tE. .
R _aiﬁctlgr %o tha cenverslem wnlt (L1) withont intervenizig cooling

- condensntio,
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The oynthepla and/or conversica gtepe ln plante (23) and (11},
vospactively, may be operated wnder comilticns approaching as nearly as .

pooeible those which w11l give an mmount and oomposlédon of netnally .

X

EEEeTnE products whish aye reguired for en cpidimum medifleatlon of the

s

o
Fr

& campesitioxn of the water gas suiteble for the hydrocsrben oynthesia.
| S '
B  Pig. 2 of the drewing flinstrases an aliernutive method of

B
A

eaverting the powderst coked distillatlon residus lato watcr gad 13
epplication of the €lnid solide teohmiquo in plent (a1} of Fig, 1. 4e
1ndigated in TFiz2. 8, the water gas plant may comyrice s waber gaa ganargit-w
{221) snd & coke-bwrnlng hoster {222}, s well as oyolons aeparaters

[223) amd (2%0), stendpipes (225} snd (220} and elutriater {(227). Powlersd
ccke from seperator (8) in Flg. 1 muy be mixed with alr to form a suspen-
_aton whick 1d pessed through line [228) intg beater (202), whers the ocke '
la hﬁut‘-aﬂ by ocmbuetlen to resctliom tempraﬁt.uras of 1THY to 3I000°F. The
suspemalon of eoke In combustlopn gnaed la with_ﬂrm a\feritaga from heaber
{£22) and peeged t;hrcu,gh tlina {222) into cyolons ceporator (840} where

the flue gapea are vemoved fron the hot cnkm'atg z;hmt the cutlat tampa'ra-.
~ture of the régér}ﬂr&t-m*. Fluo goees ara Withdvawm overhead fiom sa];arﬁtar
{al0) while powlerad hot dolke ie pagped Acwowardly through at'an&p!.pa. f;eeé} R
fluddiged with sbemm as indleated, and 1ntrogiﬁand inta Htﬁ;{m AUPELY pi‘p.ﬁ
;.:_ElEI] s corvsapading to Yne (15) in Fa, 1, 'Z.L‘ha guapenslon of ot ccke

in steam 1% paseed through Mino (215} intc Penctsr (221) wnder the proasure
af stemiplps {226) to. produde ﬁqaira& amownte of waber geds et remohlon .
tampﬂrat.urﬂ.a of the mder of 1500 to 2500°F, . A suepension of anconverted -
coke in wabsr gea Ie wlthdrewn cverhead from reactor {e21) and passed

through line [E}'J}' Inte cyclone esperator {E:Ejl,. whlek ooproanonde to

cyuloge a'eﬁara‘l:-cr {23} In Fg. 1, and from ¥hich waber gas 1s withdrswn
i I . rﬁmrhaad-th:mgh Hne {zzk), correspomding to Ins {2h) of Fig. 1.

Powderat coke poolad by the wober gea ragoticn is passed ﬂn‘m;!ﬂﬂl‘d-l&‘ frem

» v

10

B
~E
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Ba‘.(m-.-ntl.:)r {253) fnto standpipe (225), fluddlzed with air na indieeted,

srd Cror thevs into soke and olx feed 1ine (228) to suprly the hydro-

agteflc presgure regxired for tho ﬁpuarﬂ flow in hester {228). Pert of

tab hot ocks from gepavator (240) may o bypassed threngh 1ine {251)

ko elutriator {227) to remove the very fina pmaa-rai agh which 1e formed .
In the burning of the ocoke, Part of the hot snlide From olther peparator '
(223) or (240} 1z withdrawn ¥intdized with stecm and charged bo the sxtrac-
tiom gtep In sceordancs with ths opermtlon descrlbod In conpettion with

Tig, 1, Linea (5), (6). st (2}, anit ite modificatioua.

Tha ﬁagting- in the hemter #222) mey take placs Uy weana of tmrn-
“irg of the oarben or by maans of hot Tiue gnmay o bhe cogbustlon of come
bugtible gapes 1n the henter in the presenco of tha cn;.r]:ra. Tormolly gesaoum

| products from the cenveysion and synthesls plants may be Introducsd through
Tng (219}, na bﬂtimaﬂ. i:‘; sennaction with Tig, 1, to control the m‘l:.i_{:. '
of carbm nenésddo and hydroge I the wator gns produded, '

Ing ua'c.ar Bal p}.ﬂnt operating on thls priocipla, a daaira‘bla.
meddfleation, knowe to the azt, comprlass comblhatdon of the functions of ‘.
" genorator (P21) and gepErater (23) In g slmgle vossel, ond simtlar ooe-

' bluatien of heater {222) end mepmrator (240).

' Tho provess’ of cur invention déscrided sbove effords ax: offiolent

© methad of producing liguid mobor fuels, such ﬁé gzraolina, Prer solld naz';-
popaoecus aeterisls,. such az aonl, by & Qisbiliation-sxtrecticn trwt.mant
witinocut the uee of autrepecns scurced for the oxbracting oil, whéram higher
temparaturaa may7 be smployed in t.ha ﬂistillatim-exﬁractim stop with
reaulting Incrangsd yialﬂ.s of 110‘1:.01' fugl ru.ngf., diutillauitm pro&lmtru a:l:.ﬂ
senglderable reduction of the pltch snd ter cemtent I the distillate frow
ths distillatim-éxbractinn atop, For exampln, if a-tom of pnwderéﬂ. nﬂal '
cof h:tgh ~vlatils bit.uminnum renké were uaa:l la our procaaa, wa muy obialn

a net ¥yicld of 0. ‘ba.rrﬂlm of gaﬂnlma per - ton of coml by tere fmctimmta.m

of the distlllatim-extradtion diatillat-e sndl 0,8 banrels m‘: gaac»linﬂ per
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ton of coal by further comverting eald distillate in goaveraion zong I1.
The dintlllate from the diatillntim—m:tracﬂrm step wiuld atmbeln as '
I11ttle an 1% of heavy snesborated t:mat..i.tuaﬁtﬁ suck =@ ter and Pit-i}h- o,
on the othip hemd, a hydretgorbon ol of nakural patmleam orlgin, such
a3 & Coaahel gono oil, wers used in the ﬂiﬂtillutim-sxr._rgctim gtep, the
gaaﬁo:l_'l.ﬁﬁ comtent of the ddlatillaticn-sxtraction step would wmount to O.b
borrels of gaaclins por bt of ocoal, bubt wolkld be increnmod by auhs-aliu.ant
convenslcn of Ehe dlabillate by caly 0.5 tarrels of gassling per ton of
soal. fTho q_mtii;:r of tar sad pitch in tha 8fetlllate emounta in that -
cate to aprozimbely 5 to 10, & preportion which seriously Interferes
with econarlc subgoguent tuermal cr catelytic sonversion of tho dfatilinte. .

It wlll be umAsratood that thess not 31!}1&3 cUver p:-uﬁuuta ddractly freom -

- eosl tm]:_r, and era over and mbove the :,riualc“.s whi.r.:h yould be chbeined by
proceaning tha ewtroching F:il a0 @smordboed tut without cusrglng ccal. A&
Iargs quactity of oil is aldc avallsblé from the syothesls pleat, oo '

' hat the vezall yield of éymthetis olls is in the nolghborhood uf ¥ bazreld

_ per tm of oonl, no other Tew materinl belng reguired, I

nafpan&.tn{; or the ooel udsd to churge tha oyutam, the tlmpetrﬂt-lﬂ'aﬁ
nnd n'hher omﬂitimg eamploged ft:ur bost reauplts muy vary to a cartaiﬂ axtant
buk may anslly be dotermined by pralim;l.mr:,r tosts. However, good results

.w!.:l.l be cbbeinsd when the dlreciicas glven herein sie closaly follnwa
by oxporlencsd oparmtora.

Humerous’ mudifimtiw cf cuy irwention falling within the ﬂpirit
therauf will aacur to i;hoaa ﬂkilleﬂ. in t-ha nrt.

\ ’ =1f-
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1. A sontlmous method of produsinz 1ignid motor
fuela from coal whioh cnmpriaes continuously auspending powdered
geal lo b hydrocarbon oll helng essentlally fres of cyolie
hkydrocarbons ant havlnr an end holling pcintrof betwaer atout
7o0° ang 8300%F. in & mixlng fome %o obtaln a suspension-ccntain-
ing substantially mors than'sbﬁ by walght of coal, contlmzounsly

sonveylng sald suspension o e distillatlon-extraction gzoene,

npegidence time ond temperaturss not excsedlng mRooud 700° o 800°F)
adapted to esuse subebtantlal removal of the wolatlle constl tuenta
from sald coel, conbtlinuvou=ly separeding 3lstlllate from coked
residue, oontlmpousaly witﬁﬂraﬁing coked rssldus from seld dls-
tillafl on~extraction zone, reanting st least & poritlon of asid
coked residue.wiﬁh eteam to produce water gas, rasovarlhg fron
sald watser gas a mlzturs of carbuﬁ monsixlds snd hgﬂfcgan auiltable
for the osstalytlo zyntheals of llguid hpdrecarbons therefrom,
reacting sald mixturs in contaect wlth a synthasis eatelyzt to
obtein & syntiwtle hydrocarbon oll, recovering from seld
synthetic hydrocarbon 0il a Praction balng easentlally free of
eyelie hydroosarbons and heving sn end belling polnt simiisr to
thiat of the flret-mentlioned hydrocarbon oll, cantinuuuély
recyeling sald fractlon to sald mixing zone end recovering liquid
motor fuela from amid 4i stlilliate,

Z. The methoed of claipe I In whleh the hydrocarbon

oil in said mlzing zone 19 presont at least fo a svbatantial pert

in the wvasor phagse.

il
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5. The methed of eleim 1 in ehlch the hydrocarbon
23l in eald mizing zane i present at least to 8 predomloant
part 1 the iiguid nhase. i

4, The method of claim 1 ir wnlch said synthetle
hydrecarben oil 1s fracticasbted lato sald Irastlon to be reopoied
and fracilons beiling within the metor fusl range to recover
additiornal amounts of liguld motor ﬁual.

B. The metbnd of eleim 1 In which 8 Dortlom of the
coied reaidus sublected to the action of steam 1la passed wlthout
internediste ecoling to sald distlllastlen-extraztlon zone to
aupply at least & part of the heet rogulred for said dietlilatian-
extraction.

&. The method of cleim } in which said dlstillete is
‘subjested ta craclting te Increase the smount of hyirocarbons
bollizg wlthin the motor fasl range recaverable therefrom,

_ 7, The method of ola;m 1l in whieh normelly gasaau%éy
hydrocarbons forued In the proﬁeaa.ara &t least In part passeéi
4o the weter pas production saten Eﬁ bs ponverted into carbon
ﬁpnﬂxide ard hydrogei. ' . |

8., The method of claim 1 which 12 condveted In such
g macter as will procguces normally gﬁaeous products adegquete in
ancunt and sompositlon for comntrelling ssid water gas rescilon
o ag to yisld carbon mpnoxlide ard hydregen in the- approximste
molar ratlo of 132,

B. The methad of claim 1 In which a dsnse flnldizad
suepenslon of aclld cerbonacsous matérial ts maintelned In sald
distill&tion;axtraction puiul-

4
b
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10, The mebtbed of ¢lalm 1 In which sald steam La
reacted wlth saic‘,l.. coked residue in Che form of & denge fluldizad
suapensicn of colod pesidus In steum ahd gszsolg Teactlon
produete,

11. The method of olalm 1 in whieh aald swspension
1g pagsed through a sesldng =zene prior Lo its entry into sald
distillatién—extractiun Eome,

12, 4 vomtlpuous method of produclng 1lguid motor
fpels from splld carbonacecus mebarlals whiecn comprlses mizing
finely divided corbonacecus solids with a hydmcarbon oll
eagential iy free of ojyellc hydrocarbors, condusting the mizturs
continmuously inte a soeklng Eone, retalnirg the mizxture in agid
goaklng zone for a time sufficieqt FD m it golutlon of at: .
least a portion of thé.suiuhl& consfituanta of #aid aollds in
geld oll, edding to =alC mixture ﬁ contrellad am;unt of hot

-Tinely dlvlided solhia to ralse the temperatvre cof said mixéure
bo B dlatillation bamperatunre, éﬁﬁdﬁcting_tha.rasultant nizturs
to é Az tillation zone, distilling.valatila acngbtituents from
~.8pld mlxture 1n seid diatillation zons, removing s suapeaslon
of aolids in product vapora-frnm aald dlstiilation zonsa,
seyarating aald produst wapors from sald suspended sollds prior
.te condenaation of sald product vapora, condensing produnt vapora
axud rﬁuuvering condensed products.

13, The method of ¢laim 12 in which the smount and

temporaturs of seld pdded hot finely divided sollda are sufficlent

te heat zaid mixturs to = temperature not sxzasedlng avount 7007
to 800°F.
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