mizture of oil and supsrheated steem enters the first soparatcr whare
benzens-1lnsolubles and agphaltene residus are removed, The Tﬂlﬂ’.tilﬂ materials
pess into the second SepAratcr (held at 2 lower temperature)} where heavy olls
are soperated. The lighter olls and steam rase nverbesd, then through & water-
cooled condensar, ard are collected Ir the condencate reeelvers. The DGLOOL-
densable guses are meterad and mrged to toe atmoaphers, The condensed light
olla and water ln the coadenwsate recelvors ars aapuratad by dscantatlen, The
regldus from the first separator apnd the oil From the second wopurator are
withdrawn into recelvers 1 and 2, respectively, through let-dewn valves. Tn
thig wnit, so H.O.L.D. containing about 50 percent of n-hezxone-zolubls "cii"
was peparated Into {1} s regldue cemtaining 59 percent of tha benzense-Inaoia-
bles and most of the ash, with an almogst eguel amcunt of "pgphaltene” ; end

(2) & product containing 99.8 percent of the o3l ," the remalnder of the
"apphaltene " and ver'y 1ittle ash,

Another approuzh to the traetment of H.0.L.D. 1a coking. 'The effect of
remction tempsreture on the yleld obtalmed durling coklng of H.O L.D. wae
gtudled in the eoking unit 11 uetrated In last year's report. Wiih wnextracted
E.0.T..D., the amomt of distiilats incrsesed from 30 io (1 percent of the feed,
while the ommtent of benzene-lnsolubles 1n the realdus rose frem 60 to virto-
ally 100 percent as the coking tomperature was raisad from P to s00° C.
Whepn the n-hexene-solubla neil" was axtracted from the F.0.L.D. and coksd sepa-
rately, the amount of gaoscus rroduct was smallsr, and the rapovery of distil-
late varied between 3% snd 50 percent wyhile benzene insclubles in the reeldue
ipncreseed fron O Lo 92 percent upon coking over the same temperatinre range.
The "oil" fraction sppeared to be the primary gms preducer In 3.0.L.D., 15 to
20 percent of the "oll" being convertsd to @as and benzenc-insoluble meterisl
auring coking. The behavicr of the "aaphaltena" and benzene-inscluble frac-
tions durng coklng 1s under tnveatlgation. Enowledge of the product dletri-
yution obtained from theas 7.0,L.0. fractions will make posalbls the redlc-
tion of product dletributlon frem coking of eny H.0.L.D., provided 1ts
composition (in terms of these fractions) is mown. Compariscn of reaults
obteined with the coking unit ard thoms chtrined wlth a commsrelal contact
coking wit showed the results to be squlvalent, so that the data obtained in
this amail wnit will be useful for the denlm of & large coklng unit that io
to be Hullt at the Demeonstratlon Plant.

Shmracterizatiom of Coal-Eydrogenation Producta

Composltiom of Gasoline Obtained from Coal

A pample of gasoline produced by vapor-phaes rylrogenation at the
Demonatraticn Flant, Loulsiana, Mo., wad fractimnated as Followe:

Boiling point, 0. Weight, percent, of gesoline

Below 'f:ﬂ.-.“.”.-“-.u.-..” .

50-1500 s varnarmmsrrrrnsnmanss 65.3

150-1850 arransnsrnanssssvasans 18.2

_ﬁ.i.-hﬂvﬁ J—Bﬁil-ililllll.ii.IIilnI 1"3

wolatlles and 1lof8. secanavu-a 5.4
TDE]—‘III"IIII."I*!“ LI lmln




£ major porticn of the loes may be eccounted for by dissclved ges, which wvas
evelved during distillation., The fracstlon boiling at 5C° 4o 1509 C. was mep-
arated further nto 8 pesraffin-nephthene fracilos; an olefin fracilien, an

aromrtic fracklon: and & fraction containing cxzrygen, sulfur, and nlirogencusz
cempoinds . The compositien of this S0° to 150° €. cut io shown in table 1E;
ard a Purthsr charecterization by carbon oumber 1s glven In table 19, Thia
annlyele wae achleved by m long serles of dletlillations,chromatographic sepa-
rations, determ’natlone of physical constents, and spectrometric analyses.

TAHTE 18. - Composition of gmaoline from Loulsiena, Mc.

Liguid-phasne pmeoduect,
weloht percent

Tapor-phass
mroduct,

Total roduct walpht percent
50V~ 150V charged to [ 50Y-150% Total
Component cut v.p. unit £t gracline

iz i i Y- SO 17.47 - 18,52
£5.31
Hﬂphthﬂnﬁﬂ - tﬂmI.l.qui\ll‘ll; ll-ll-a'T - 5CI EEI

Crolopentadie . ii s issspnansa 21 - 3k -
MothyleFelopentAne . «oeeeeeen - 1/2 26 lf’ﬂ.?]’l 1/, =1 lf 05
CCLORSTALR v v s ve s sansnnvees | 176,80 814 I/3.51 | L/A.33
Dimethyleyc lopentanes. sy v s us 2.83 336G T+ 00 b, 64
Methy loFcloneXane cacver e ann. 8.00 R £.595 L.A1
BthylcyelopentBno s oo, s vnay, ., 3.0L 361 =, 12 3.40
Ug'nﬂphthanﬁﬂ..;...n..u.... :E—LiDl 1 3]-&" lﬂ;_aﬂ' GFE'_J)

Co-naphthenes. .....veeeannn.. 4,63 - g.86 -
Aromatica - total.............. ?1 (012 - 7.50 ch.Th
Penzatio, s ue st rnbonsbotrinbnn 160 ixﬂ'.l% léiﬂa ﬁl'l'-ﬂﬁ
ToluBnE .. vsune. Craramarmne s £.933 L300 10,58 T.cb
Ethylhenzeme, voeensrrnrrassrs T.31 B75 3.12 2,07
MPe TFLOME s urnnrnes ' 3.33 395 £.1£ L.og
O XFLBOB . o v nree et rannearanna 1,81 LT 1.1% e i
1500 L} LICRC N A 4 LR N W Q - - .f‘E

G]ﬂfinﬂ.-.....r.-ni-tq-n-n-nltl.,i 95 = 1.] l.ll-

HonhyAr 0CETBOTIS . v v e v v vn s naan s T.08 - 1.k 2,2

Tnaccounted For. .o veeeeensnss - - - 5.9
Penzene + potentiel benzene.,., 10,66 1,277 18.1¢ 12,01

;f Benzeane plus potsntial benzene.
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TABIE 15. - Cempealtion of 50° to 150° C. cut of vaper-phase gasolinel/

_ Total c:} i_ C Cq ﬂg
Paraffing,.eeseeeenens crianans 20.52 - T80  &.1% | b7 E.31
Cyelopentanee . oee e vrnncacnas 28,311 0.4 B.58 | 10.87 .62 | 1,75
OFCLlClBXATOR, vvnranarronn erens | 20,08 - 3.57 £.15 6.56 | 3.80
Bydrindame, ... ..uvovinnnrn-n- 13 - - - - W13 :
MDmﬂ-tl{JH-. ------ EEEE RN NN [ ET¢53 = 5-92 11.20 lc.li'l - E

g6.57 | 0.L9 | 25.87) k.36 | 27.9% | T.99 :

1?_ To puk oo basis of total gaaelims, multiply by 0.6R31.

_Ditarmj_r_atim of Tar Acids and Bapas

A tlend of 21 percent ghsoline, 1 percent naphtha, and 68 percent middls
pil {the charging eteck usod for vapor-phass hydrogenation at the Demenstration
Plent, Loulnlana, Me.} was ezamined for ite tar-ecld content, Half of Lhlse
plend bolled belew 250Y O., and the tar neids vere extracted with alkall from
this fraction. Infrared spectrophotonstric snalysis showed the fellowing per-
centeges, based on the total amcunt of ¢ll: 1.686 percent phencl, 0,784 per-
gent o-cresol, 1.5%6 percent m-cresol, and 0,482 percent p-erescl.

fdaptation of = pobentlomsiric titration methed wilth antimomy electrodea
and ethylened am'ne ss the solvent has made posslile direct determinatlon of
totel tar aclde in corplear ofle obtained bty the hydrogenstlon of ceaml. This
determ!nation van be expresssd im terms of the cxygen sentent, arsuming that
the oxygenatss in the oils are monohydrlc phencls, ke valldity of this
sgaunpticn wan borms out by comparison of titrimetric data with altimate
epalyses of an o!l obtalned by hydrogenatlon of Rock Springs cual,

A correspondlng potentioustric titratlen method kss been developed for
eatimatng total tar bases in ceal-hydrogemntior olls, Glasa and ailver-
chioride elactrodca are uped an lndlcsteer and reference elactredes, -esplc-
tively, and perchloric acid in glacial acetic acld I3 the tltrant. Phonola
do not interfere with the analyala, Applicatien of the methel to ¢il citained
from Rock Springa coal showsd sbout 70 percent of the nitrogen In the light
and middle olls to be baaic, while about %2 percgent of the nitrogen in the
naphthe fractior and about 30 percernt of the nltrogen in the gescline fracticm
vers basic, Deepite ita Ligh content of titrables nitrogen, caly 40 percsut of
the nitrogen cempounds of the light oll ceuld be sxtracted with sulfurle acid,
indicating the presence of high-molecular-welght aud/or sterically hinderod
hamic comMpnunds, ]

Tdentificatlon of Individezal tar bases up to 9ulncline was made for the
tar-taze frection of the light 51l chtained by hydrogenation of Rogk Springs
conl., A corbinstion of analysiy of the dlatillatlon curve of thig fractiom,
ultraviclat and Infrared abaorption meesursnents, courtercurrent dietributlion,
noutrallwstion squivalent determination, and formatlon of derlvatives dlsclcosed
the mresence of the following compounds: Beta- and gemma-pocolines; 2,4-luti-
dine; anlline; o-, m-, and p-toluidins; 2,6-, 2,5-, 3,5-, andfor 2 L-zylidines;
and quincline, Altiough pyridine wes not found, 1t was probebly present
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originelly but lost in the plant by washing with water and durlng subsequent
procesaing.

Countercurrent Distribution

The complex phenolic mixtures (tar acid) produced by hydrogenation of coal
are composed largely of homologous and iscmeric phenols, separation and identi-
fication of whick are difficult or impossible by fractional crystallizatlon and
distillation. Because of their potentlal commercial value and the importance
of oxygenated compounds in the study of the mechenism of the liguefaction of
coal, characterization of these tar acids has practical as well as theoretical
importance. By means of the countercurrent distributlen technique, a mixture
of closely related compounds 1s dlstributed between two immiscible solvents in
successive countercurrent stages until seperation of the components is achieved,
The method is particularly useful for high-boiling compounds. Besides providing
s means for separating such components, it may be used to check theilr purity,
to calculate approximate ionization constants, and to obtaln informatlon on
molecular structure (steric hindrance) and hydrogen-bonding.

Further develomment of the countercurrent-distribution method has led to

a technique for measuring large (or small) partition coefficients. It conslsts
of increasing the concentration of solute in the denser (or lighter) phase
until measurable values are obtained. This method of "interchange extraction”
was sub Jected to precise mathematical analysie, leading to an equation that
related the partition coefficient to the number of extraction stages. The
accuracy of the method wes tested by determining the partition coaefficlents

of o-phenylphenol in two systems.

The possibility of utilizing silver complexes of tar acids to ald in the
countercurrent separation was studled with the three iscmers of cresol. This
method was found to be applicable only to & mixture of m~ and p-cresol, Com-
plex Pormation with cineole or with cineocle and silver simultaneocusly was
unsuitable for separation of the crescl isomers.

X-ray and Spectral Analyses

T.K.F. (2,4,7-trinitrofluorencne) forms brightly colored complexes of
high and sharp melting points with polynuclear compounds. These complexes &are
easily purified by crystallization and readily decomposed into thelr original
camponents, providing another tool for the separation of isomers. Further-
more, the crystalline complexes can be ldentifled by thelr x-ray powder-dif-
fraction pattern., Of 45 T.N.F. complexes thus examined, each had its charac-
teristic pattern, completely different fram those of its lsomers end fram the
pure polynucleer hydrocarbons.

An infrared spectrametric (fig. 41) method for amalyzing tar acids through
the Cg group has been extended to includs analysis of more complex mixtures of
igomers. The method is applicable to determination of phenol plus the cresol
isomers and to the cresols plus 2,4- and 2,5-xylenols; and only a crude separa-”
tion of coal-hydrogenation oill into three fractioms 1s now required,
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infrared spectrometer.
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igure 41,
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Figure 42. - Revised mass spectrometer.
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4 mags spectral method {fIg, IP] has .

¢ {in-naphthene fractions of gaacliirve ihminzze?rﬁvzﬂgyﬁ analyring paraf-~
thip technique, cyelopentanss and cyelohexenes with nipgle af:iﬂﬂ-tiun_ By

H with mdtiple
alkyl side chains can te dlatinguished fram each other and from paraff
pe yet, the method is pot eaplly extondsd to Cg and kighsr hrﬂrnmhmmi'
gaunze of tke gearclty of reference sompounde. However, appreciabls GE;cni-
trations of & Cg {h‘ﬂrﬂrin:'l.ana] and & ¢ dlcrelle compound f_mﬂumyg_rmm;
decalin, cr & torpane) have beeh sgentified ir vapor-phase geacl'ne, The d
results of this ana.yela are incorporaled in tatles 18 and 1% (2es Ccmpoaiticn
of Rasoline Dhtalned from Coal).

faaification of Coal in the Vortez Beactor

Cazificatlon of pakverized coal with oxygsn and steam may be used for the
production of synthesis gas (sarbon mopoxide plus nydrogen} for the Flscher-
Tropsch process orf of hydrogen for “he hydrogenatimm of ooAl, lg process
has been ptudied in & veriex pesctor to galu an lnsight into the orersting
yarisbles and the performance eharncteristics of such a gystem and as A MeANS
of predictlng the optimym conditicne for adlatatlic gazification of cobBl,

The construction of the reactor and the Flow dlagram of the twnld hevs baen
shown in the 1949 Armual Report (Bureau of Mimes Report of Inwastigatlione
L651) ; a diagrammatlc sketckt of the coal feeler (fig. 13) shows the path of
the coml into the reactur, Bs wall a8 the oxygen outleh thet permitled Intre-
duction imto the reactiom zone of part of the oxygen with the coal. The vor-
tox reector had @ dismeter of 2 feel, end its depth was veried fram 2 to 36
inches. The unit waa preneated to 2 ,000° F. vith a mizture of natural gea,
alr, steem, and oXygon. After the rescticon temperaturs wad renched, the pgas
amd air were shut off, und coal was admitted at the rate of L0 pouinds per
heur. Oxygen and stear wore preheated to 1,300° F. and added 1o auch amoumta
that the oxygen:coal ratle wapged from 7 to 11 cublc feet per pound, while
the ratlic of steam tc coal was maintainsd at 0.95 pound per pouantd .

By iatreduslug same of the oxygen w1th the coal {instead of introducing
all of it through the tangentlel siots of tho reactor), the mroduction of
synthasls gas was increscsd conalderably under otherwise egqual condltlons.
Tnoreas‘ng the ozygen:coul ratioc reanlted in higher reactlon temparatures.
Because the unit was not an adinbatic resctor, more heat wae loat =t the
higher temperaturss bF radiation and comvection; avch logaes cen be reduced
aubetantlally in larged inetallationa, The gaaification roaactlom,

¢+ Hy0—> €0+ Hp

¢ + Cop —> 200

did not begln wntil mogt of the oxymen bhad bean congured, Steam ard oXygen
algo reacted with the velatlle matter distilled Trom the coal; tut tae ameunt of
carbon monorids and nydrogen produced in this marmer WE8 small, o that re-
g1dual cher (after devolatilizatlan of the coel) was the princlpal source of
eyntheels gas. The rata of ganification of ceal waa approximetely of first
order wilth re=pect to the amount of cerbon avallable, at lemrat up to gpace
velosltlss of 33 peounds af ecoml per cuble foot of reactor opaca eI hour. By
changing the depth of the vartex reactor, the apace valoolty of the cosel was
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