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The date Prom runa in tne llguld-phage pllot plent ta determ-ns the rate ol
1iquefactlon of Fock Springs, Wyo., coal muggest that in a commercial hydregenatlon
. of Rock Springs coml, the liguefaction resulie chtaloed by tho une of ferrous eul-
i Fate as A catalyat may clogsly epmrozinate those obtelned wlth &nS. Pllet-plant
F investigations {mee fig. Lk} of the relative mxtivity of impremated nickel (ous)
© ahloride for the hydrozenstiom of coal Indicata thet 0.5 persent nickel impregneted
on the ccal produces a liguefaction snd a hydrogenatioy of asphali comperable b
those rroduced by €.l percemt tim sulfiis,

Tha vaporephage hydrogenatlicon unit, witlch hea a noriel opereting preasure of
£ 10,800 powds per Equers ineh, was opereted to determine the sctlvlty ol 2 Germean
i prdrogenablon catalyst for the mroduction of Ddeesl oil frem 8 blend of light olle
. phteined by hydrogenating varioue comls 1m +he Pitteburgh pllot-plent cperatioms,
mhin partioular catalyst was shown to produce a good aromatle geaciine In a 2ingle-
pass operallon, butb several passes would be required to produce s nsable Tleral oIl
vhooch Tequires further saturetlion of the arumtblc conati tusnte, The uso of haavy-
- oil feeds At 5007 0, led to rap’d deterioratlion of thia catalyet.

pdditlonal eEperiments have been mads wm the fleidized-goal rydrogenatlon

mrosess, 1n which o stream of hydrogen, wrsheated end under & presure of 500 Lo
1,000 pounds per equars Lnch, ls ueed to fluidlze m bed of powdered coal sentaining
0,1 to 1.0 parcent of catalyst, About 25 percert of the coal oubgtence ia thuz com-
. perted to hersnme-solutle oll in seversl mimnites at resetlan temperature (500° €. or
9120 F,), At the seme tims, sbout 20 percent of the ccal postance 18 converbed o
kyirccarbon geses; and the rssldue - about 23 pergent of the ariginal coasl - in
i eonvertod to o coke santaln’ng virtually no sulfur, as 50 T 55 percent of the sul-

fur in the crigine. coal is ryirogenated te hydrogen aulfide In thla stage, The
equimment and Lovhniguss employad in this ctage of fae Frocead are quite fom!lliar to
tha pehkrcleum 1ndustey; and, becsuse of the relatlively low prassures Involyed, no
eXpenaive and ¢ mwharsame Forgings, £litings, valves, ete., are required. In add! -
tor:, the efficiasney of the utilieatlion of hyérogen i: incrassad, hensizase moet of
tha Bvallahle hydroger ecrtained in the cuos? feed 28 uasd in the weductlion of oil.

Tha sroduction of ocke In the hydrogenation stage e not dieadvartagooud, 9=
oanes, while 1t ia otl1il Zn n d=uss, Fluddized comditlion undsr a pressure of SO0
wonds per equare ineh, it can be eonverted by mtesam ernd vzFgen Lo A gullur-free
synthesle gae nder sultable prosaure Tor uma in the Tiacher-Tropach wocess, ke
Bulfur remuminliw sfter the hydrogenst.on stege ia largely In the form of marites,
vk probably would be elimlnsted as sullate 1= the a3l ol +the resldus from the
gasifiaation oparation, Elminatlon of s aulfur-suoiiicatlon atep and compreaslon
of zymthesls gaa rezresert mportant economical {mprovements in praducing a sultebie
aynthegia pas o the Flecher-Tropech TCocans.

: Lebaratory -Coale Exper iments

Tha molation of coal by high-bolling corpounds which coataln buth a hrlesarosa-
tie ring and an arcmetic hydro=zyl froug {for exzemnle, ortrocyclobkezylphercl) han
been Assoribed previcualy ae chewlenl o natire. Ancuhcr tgme of zolven® for coal
E B8 axemp !fled by prenenthrene, ¢-methylihszanthrens, phenarthrifine, cavbasols,
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=, foromzoqui nolize, S, £ benzoguinaldine, ol -naphthal, nnciﬁ? magnthol, has ween
ctoased, Hheds s0lVeRLD, raf luxing “WeT powilered Arueetun coal, eatract Ad R dia-
naraton ot oropersant ©F tha ful, correrpondd g ho tha total anifrazyleos plug
the tyanslucerbeat izt bud ool fractiong; Hhcy have, with the cxoaptd oo of e —Twapli-
thol, Little alaperEing asotlon on Wyoming poal. ol “Haprshoa Ld wiiqus in Heas 1t i=
= uoworful zotwary Tor both aomle.

Titile le Ionowm of tho extraction moehornizm of 5;11ar;mﬂzrena-t:.r pr golventa,
exoopt that thers appoars e be Loth = tewmperabixre apagitielty {only ok - and
_,g-naphthola nhew oppractable extracting actlon baldw z00? C.)oand o agructurs
apoclficity (enthracens, whica is an iaomer of phenenthrone, ta relatively & mich
1ang el oient golvort, &nd 1ts prazance in 4 wixturs Witk rhemsnthrens oFf rarbazole
atrongly copreasss The srtrachirg Tower of the Irtter matorinle), Innreesing the
SEyEETL GOhE + of ths oual OF gELomgive noeating 1o air ragulia in 2 muieh ower da=
(e o disperadon, T+ LLls 4iffarenss g T botussl the molesulor weishte of
noal extrects chtalned by varlons combinuticrma of paenantirena, vemreme, and cyolo-
hexane, bul comparisun of the 0:H rat’o ahowed tho fracticns tC have d:fferenk

dagress 07 aromebloltye

Enowledga of tha aptrossibility of seel LY phananthrens and other sulvents 1.
important S & shudy of the “unction of racyels L1l rohicles uscd in the Beryl ag-
T.i%e proceBs. Thug, prmracticn oould e uhed 22 8 ool BHrETy step toc mepare L
1o -l Aubatratom whi on would decrszse the 34frioulty of proceasing thy "henvy-oil
s eS—dowm” of thw caryonticnel [rocesE. n digpersica o Trucaton coal ln pnendr-
thrane heg been showil to bu &8 aroasptible W0 hv@rogenatl vl as tho criginal -eal,
and it wmo dcmonefrated that Th:eLE hrens ip not affectsd Ly the pondl Licre nnd
zatalyata used tfor coml hydrogenaticen, thud permithbing rEcIVETY O phenar iircTe.
"ne surebltutizn of prsnantheene by grivents chtalnsd glrectly from oosl o0 belng
investigated, and B noal-hydrsgenztlion ot 2 -product froclion Eollling above 3200 Ca
hes been found Lo be A% affective a s2lvent a8 wharanthrens. :

Paate Laboratory Brrearch

Ypaotion Mechanisem

Exrmerimente to determine the ropction mesiarism For the hydrogsnatlon of coal
were comhirued, The mocheniem outlined 1 the 1940 Anmaal Feport has ecen sy po o e
pd elavorsted to pregent the followlng plocwlve. -

The prlmary reactlon in zosd llnuefaction by Lydrogonaticn 12 the mradustlor ©
reactive fragments of the wvoal structure whizh ore tnen otehlllzed olther by pol¥-
merlzatior 2 berzane-ingouple materinl ox by the Al tirm of hyirogerl, o reaotiom
asgumed 1o bo catalysad WY xin. Tha resultant e ene -poluakle meterial is largely
sovhaltic. This mothalt 1z convephed, k¥ R ropmatalytls reuctlion, 1o gassoud hydre
serbona and to reantlye fragmenta Ty & renctlon catalyzed bF hﬂngElnv-H.uiﬂ.-'_[:-rGEcac*_ﬂE
aubgtances (HE1, HT WHL,OL, eta.)., Thagse resctlve frogmenta TRY (1) recambinz L&
profice asphalt, {Pi pulymerlst atill further io wocducy perzena~lngoluble meterit
or (3) he gtabilized by the addizlon =f hydrogsn {oatalymed oF tm to mreduce an
ail, The following disgream rndigates thin #coeme af reechidma:
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Trdaronarbon
Faged
- Heactive 3 } At Beactlve  Hp
. coal —— = fragments -——— Asghall -a—— fraguents — 011
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Benrene Banzans
ingolublen insnlutlas

¥ e primwry fragmentetlon of coal 1s aseociated witl the aplitting of cerbon-
b ypar. hordod end rrocesds with very Iittle ga= production, although a largs frac.
E of the cxypen In Lhe voal 1z eliminsted hers, chicfly as water. Iae converalon
£ pltin material to ofl 1s mescclatec with the ruptire of carbon-to-carbon

k.. und 1ta rate increaszes wilth tempersture until, et shont L=g® 0., tha rate of
n resction approximatsly cguals the converaiun of conl to aspanldt,

= gee of this propcesd mecharsm mekes it possible to Interpret many oxDerimenta.
E that have beern rrevion:ly confuaing or anexpleinod, Tt can be noon thet:
s uoed in the abesance of aplitting catalyweh shou’d beheve llke no catelysd ai
e ecnupe the =plitsing of asphelt to form fragments, which 13 assumeld 4o preseds
rirogen: Livn stabillzetiom, procesda very olowly In the sbastce of halogan-
g-producing substanced ) (2) hydroshloric opid uned alore In an inort atmosphere

i cgmse & larga troduction of benzene-insciuble madtsrisl, b2zeause atabilizatim
o Irequente con then oceur only by o dlaproporticnction prosssu) {3} polymeri-
iy catalyste, such =8 pacephorils acid, shonld producc epazeclelly lurwe quanti-
. of benrmene lngoluble: and (L) amy auhetencs thet ‘2 hoth = apllttlng and e
jopenation catalyot (poraaps hydricdic E.l:lci} ghould regalt in hlph conversion oF
+ ongd low prodvsiion of benfene-inmolibles, A8 the bale of Lydrocsrbon-ges
pction is ghown as ooeurring by gecondary reacticrn, omly a small smount acoom-
e primery liquefaction, then, 4o minimize kydrogen conounption snd hyidro-
fn-gas Woductlorn, coal should be hydrogeusated in —wo atagaa, The firat staga
g lovolve enly primary liquefaction unpdsr gonditlons of winimm gan formatlon,
p pecond wonld Invo.ve further processing of the mrimary prodiote under the
e conditions for this atep.
Pha ebovs machanism for the sonverslon of ceel to oil 21111 does net explain
pgue excsllence of tiln as & coal-hydrogenation catalyst wndsr = grest variety
plitlons of ftemperaturs and presEwrs and lrreapecilve of the ciendoal form dn
tin 1z used. Expermerts havs shown, howsver, that stanncus s:1fide mey be,
pdgnamically opoaking, the "lesst commor denemiretors” far all forms of tin
coal-hydrezenating conditlons, Caleuleabion of the {res-snersy changea lpvelved
L thet stannic oxide ec=n be completely comverted o stapnous sulflde at TOO® K.,
ges the hpdrogen sulfilde oreasure Za Kept sbovs 0,06 atmoaphers. Thin pondi-
de alnout certainly mat in mast coul hydrogenatlona,

Pihe hydrogenation of Bosk Springe cosl =t 1,000 p,a.n. bydrogen preseura and
gatores of 4o0° 4o 538% 0, in m unit in which the timc of contect of the coal
hyirogen at reactiun condltlons could be varied at will indiceted that, in
putie, ligrefact!on incresased rapidly duoring the first 3.5 minntes at cperating
ure, This pericd wae Scllowed by = elow increase in llguafaction with con-
Bime. In theoe experiments, some Rlquefaction is indicated ag taking place
’utlﬂ or ne elimirasicon of oxygen,

i te for Cuel Hydroganotion

the dearch for a skeaver arnd more rosdlily availstle catalyast then tin 18 eun-
E (fig. U5), Sermenium aas been Tound +0 ba we effective as tin for the
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. The primery ferogmentatlior of sorl ie ageoecisted with the splitiing of corboi-
to-CEYReT pomda and proceeds with very Llttle gaa producticon, altlewgh a large frac-
| 41on of the oXygen in the go=l is sllminated here, chleif'ly ag water, Thke conver3aliomn
k' o paphaltic materiel to o1l 48 masociated with the reptire of errton-tn-aarbom .

E panda; end 1ts race lucereases with temzereturc unill, st =zoutg Leg® C., tke rate of
L ghio reactlon approximntely equala thke conversion of coml Ro anvhalt,

; Trge of thiz rrovosed mechenlsm makes it powzihle %o Interpret many cxporimental
| anta '&1&1 have Last rovioualy confusing or unexplaolred. It czn be seen that:

3 {1] rin used in tha rhaones of aplitting catelyst should behave like e cetalyst at
; 11, becunse tie 2plltting of aspkalt to form Crogmecto, winich 1o agcumed teo prosode
L the hydrogenaticn stebllization, mroceeds very slowly i the absence of aslugen-
aold-prodneing substances; (2) hydreckloric zcid uzed alone in an iners aimoacheres

E should cavse s lerge produsticn of beonzems-inaoluble material, beosause shsbllization
Cof the frsgmecte cean then oocur oriy Ty & disproportlonailon Trocesas 23% pulymerl-
Fpation catalyntic, such as phosphoris acld, should produce sspecially larme quantd-
tjee of bengoos inscoluble; =nd (I} any subetenpe that is both & =splitticg ard &
tydropenation zatalyst {perhaps Lydriuvdic acld} should resull in klgh cenveraion of
Lgophnlt and low productisn of berzens-insolublss, As tie bulk of hydrocarhom-upas
wrodnctlon 10 skown 4B cocurring hy seondary resctions, coly o emell amount &codm-
Eranying primary liguolactlon, then, %o minim’ze hydrogen consnmptlon ard hydro-

F carbon-gad proluction, ecal ohosld be hydrogenated In two ntrges. The Tirat atage
Fwould irvolve only primery liguefactiom undor conditfena of minimm gos foemation,
and the sevond would duvelve Darther progensning of the mrimary ijroducts wndst ths

: ophimm congdZticns for thla stap,

The above machenism for the eorveroion of coal to 211 21111 doer nct ezplain
F'the unicue excellance of tin 23 e coal-nydrogsnsticon entalyet under o growl variety

¥ o condltions of tempereture nnd presgure and lrreszpectlve of ths chemlen: form in

f which tin is ueed, Experimerts have gaown, however, that stemmeva slZde may be,

¥ thermedynemlcally sponking, the "least comwon depominators” for all forme of tin

P tnder cosl-h-drogensting cond? tioma, dalgulation of theo frec-snergy changez Involved
F ghows thet stannic ozids sern bo completely conversed to ztammoua aullida af TOOY K,
¥ providsd Lhe hydrogon 911570 jreasire Za kept sbove 0004 atmoathsrs, Thio ncndi-
tim ia slmoat gertenly mat in most coal hydropenetlons,

X The Sydrogenstion of Zock Springg coal at 1,000 p,s,1. hypdrogsn DreAIUrs and

3 tomptratures of 4007 o 530 0. o & wiit in walch the +ime of contnet of fhe ccal
F ¥ith hydroger at ronstlon conditiona could bs varied at will indiested that, 1n

¥ Bhck pupe, Iigrefaction Incressosd papidly durlng the Firat 2.o @ mites at operaling
} temperature, Thia pericd wea followed by o slow Incresse in Hgusfacticon with cen-
E tact, time, -n theas cxperiments, sone ligquefsctisn is indicated we leking place
Evith 114+t1s or no elimination of oxyeen,

2talyets for Coml Iydreogensticn

The zearch for o cheatcr and mors roedily evallsble catalyzt than tin is zon-
Slnntinge (£, 45), Germesdun hma beon found to be za offectivs ss tin for the
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hydrogeauntion of sval, bus 1t 1a svar lesa ecorcm’eally desirsbls, Zinc tromide and
lezd wromide oxhibited merkoed zatalybie act!vity, remvliing 1o 1ignafrnetlone of 7O
ard 75 pereent, resvectlvely. Lt zesms probacla lhal <he effect iz duc Lo the hydro.
pen bromido 1 bearated urder resckion acmditiong whish mey a2t as 4 hydrogeor duslr wa
hyirogsn jodlds dosa, Terg=grols tic orse with b gh =i 1fur rontenta proved to be oa
elfectve for the hydrogenation of peeaebon ooel as otd pure tin wher uzed at tha
sre Hir-scmeentration level. Thia may oe of goonomlsz mportance, ae largs guenli-
tias Of tuege low-grade orss cro avellatle in Golivin, Sunk low-grode ores BTG
relatlvely undesirasle commercislly, &nd their uae 1m the cosl-hydrogenetlion proness
world effact m pavicgs by eliminating cetalyst refining nodta, This Beving w2ll e
olfust, however, by on additlonel omet of vemovel from the prodvct mixture of Loe
G waliia agded Ty ustag the liw-grade cres, ANy prectisel value of theaen ored
mant Lror mrtse from g fovorabls balsnce of these two Luzlora,

Elfost vt Fraeoipal LDistrlvation. - Hgeant tests nove !mddceted thet the phyni-
col nTats 10 WAl e rEbelrat i antroduced Into Lhe reaction niztuvoe mey ho
tmportart to ite remaliing rotivity. Oatalyste usually hoave Teen gdied tu & coal
clres befors Lurdrogsrzacion In che form of o rowder, hecsuze 1t had boem found are-
viouzly that, In the cedc of eternuus rlloride end ammondom melybdate, tha same
roaulle were ohitnined whother the catalysth was impregnated on the oual opr addod as
& powdieT, Ferroig sulfato, howewor, while virtinlly uscleps a8 a catalgat In the
powdered stato, Troduced liguulsactlons when 14 woo ‘mprecnoted o the conl that
clogely approachad tzozc obtalred with tin catalyats, althuugh he aaphart prodneasd ©
ty the ferrcus mulfaktc was somewhas h'gher, Similerly, tmpragnated zickel {aug] -
s pte wed Fourd S0 be & good catalyat, whilo winksl (coma) zklaride saome t2 be 28 -
efTective md ghaynous chicride, ’

Analysis of Conl Fydrogerasion Troducte

Mha moot valusbls comradvet f=om the hrdrogenatlion of conl is the Allm]l-
aolible purlion, commanly declgneted as the tov.re’d trantion. Thia materinl 12 8
cmnlox Blxture of acidic arowtlic TarQrUEy colipounds oF PhencoG. Irformation oan=
serringt Sar actde zroficed Ia the ligald-phags hypdecgenetlom of coel 25 of conalder="
abie erucracring aad chemiczel intersad, in +rat the primsry rsactien In the 1 que-
Tootion of coal fa peobehly the hydruogepclyesia of serbon-to-oxygEsn toeds, and a
gtudy of the wtructure of tha phencld e produots siovld shel lipght on She conetlic- -'_""r
Lo of cat, Inowlsdeo of the conztitution of these thenola would elso aarve 6 0
ndieats those lnfatroa. msrkets 1n wtish they might be ubilized as raw matorield. :l__
TlLe poga’wility of ircreasing the tar-zcld yield from ths hydrogensblion of coal c8d "
o oetimsled From a shedry of the degradatlon A tha mrimary aochaltic prodocto o
laprr woether tip molsculer weleht could be raduced without clim' nating wxygon a3
urtar (poa Pig. ), .
1

“he tmr-astd Fracton of the o-hexanc-aolyble pordlon {eil) of tre lignid prod-
st ohtri=pd By milid hrdrcgenetlon of PIttaburgh-baod {(Brucolon: coal (to produce
frol oil ag %he major product) was isolmied by oxtracilon of o berzene salution
Lhe 2il with mlesholle wodimm Lyirozide, Tho yield of far sclcs wes o.4 zerce—t ¥
wolght of ke n-hezare-zoluzle oll, 5,2 persent o by talal oll prodoced 1n the
hrdrogenatisn, ar 4,0 verssnt based or molsturs- and ash-Tres soal. Tae tor acid®
were sanlechsd %o dlat’ lletizn wnd 12¢ fractiony collected. On tho haala o refTdl”
Ve rdiess ard poillagz poipti, thess wore cumbinsd iato TO froctlone, £ omicAl
sV o on eet Gtrvedst grotor Cees fig, U7) of selocted fractlona rezzulted 1 lhe k
H1t i and fdeetiflsation, ofther as Dure vocmzounds Or derivabives, of 16 1pdivés
n Rt I s T W LS [




ic comppunda.

Figure M6. - Synthesizing organ
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Figure 48. - Flow sheet of vortex gasifier.
VORTEY REACTION CHAMBER

—Four stear arel
fygen inliefs

Figure U9, - Yortex reaction chambar.



] In the lower-builing fracticns, phenol and c-cresc” ware jaclated as mre cam-
. oouds snd m- and p-oresnl a3 m- and p-methyl-phenoxyacetl¢ acidy, Four lsomerilg
| yylenols wers found. 3,5-Kylencl and &,5-xylencl wers lsolated ae pure compounds,
EJlL-K:FlBI‘—‘:'l was idontifted theroagh 1te N-[2-fluorenyl)-cerbamrte; 3,Lb.xylannl wes
oot datacted by chemlcal melhods but waa shown by lrfrered epecirodcopy to be pre-
went in gmell gqusntities. Of tae sthrlphenecle, only tne, m-athylphencl, was Identl-
Flad by chemical meana; o- and p-ethyipiencls were shown 0 ba areSent by Infrarel
-gIJEt{','hI'O.El CUEY -

apalyaia of the higher-hoillng fractlona Iz ponpidarably mors diffieclt heeceaias
of the greater pomplaxily of the tar-acid mizres snt beassuse no nfrered raeferonce
gpoctra Ars aval.eble., However, application of the connlerourrect d stritution
tachmigue hoo rosulted in tre faclation ani identifieetion af b= gmd Seindancl snd
P_ph_amflphenul. 3-Methy.-S-ethylohoncl and s_pheryrlphenal were £l3s ioolated ond
jdentified. The aountersurrent dlatritution tecluilqua, when appliszd to & gymthetic
pixturs of 3,5-%ylencl, 2,5-xylencl, and 2,4=xylenol or a mixvare of o-, W-, end
p..g-th;-.rlphanulu , shows that 3,%-zrlenol and g-ethrlprkenc] cor he readily aanaratec
¢pan thelr respectlive mixtures. he shapes =f the dletribution curves show that
gnch compeund dletribotes ! +melf esgentislir indspencently of the stherw, In B.C S0l
ance with the distr’buticn -ew. This fechainue permlta mesgurement o partiticr
coafficienta of the componerta & & mixture wllhout isclatisn cof the tndfvidscal eom-
poundn, These coef™cients snould be considsrad In the aame sategury as the hoiling
pint, meltlog podnt, ard refroctive indezr of o compord,

The pregerics o relativaly large omovmts of the indanols suggests that +their
aneeturated mapalogues - the hydrozy 'ndenss - Ay momatltute & significant fraciicn
of the "rsastive frogmenta” formed 1z ths primary hyefpogsnetion af zoal,

maaificatlion of Joal

Tertez Dombustlon studica Tor Powderel-Ccsal Gaglfilcmtion

Ae experlmental u-it of the vortex bype (ase figa, L8 ard 49) was cporated Ir a
gariss of tostz in which ecoml wee gesifled with crygen ond steum., Msteriel and aeat
belaness wore culeuletad from trs retulting data and indicate that ihe following
corpslatlons may be drawns

1. The perconbage of carbih pralfied 15 almoat dlrectly propr Llows” Lz ke
poards of sxygen anppllied per poind of co=l 1w the feed; 1t In jrdeponeent off e
thronghiut, whish agpesrs to bz a res.ll of tho hydredjeamics of she =ik, A%
highee throughputa, deapite sthe sncraer realdence time ol tre g9, highsr bengsrtlal
volorities pecur In the vorte¥, “rud keeping ameller coal verticies in The VIriex
lotiger than 1o “he casge uf lowsr tlroughputs.

O, The wosor-gag eguili®rlum ia Tescked 1n tre cxlt gAsed,

o 3. The reduction of carton 4 oxide by curbon proceeds go alowly thet taso ratin
pg.:;,"r-’gmi} ia ebeut 1/100,000 of the theoreticml velue at exit gas temperyLure,

L, The wolume of carpon meonozlds wod hydrogen produced er pound of coal gasl-
fied 15 o foneticn of the keat logt Prow the unit, On extrapulation of the date to
zero heat, loss, a productlon of 30 to Ln entie Seel of carbom momoxide and hydedssr
Per cound of gonl ganlfied wag predlcigl. Howewver, the actusl heat lomans for “thia
urit yorded from 0 to U0 percent, end this ecxtrepelated valus must be uged can-
tisualy., Fzemineticn of %ho order In whick the raactions veour In the vorteox unit
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