5 Solvent/Catalyst Interactlons

A. Solvent Structure
1974
5.1 Activated extraction of coal using a hydrogen-

donor solvent. L. L. Anderson, M, Y, Shifal & G, R, Hill
(Univ. Utah) Fuel 53 #1:32-37 (Jan, 1974). FExtraction of
coal from Spring Canyon Coal Mines (45.7% volatile matter)
with tetralin at 47°~-87°C was greater with than without ul-
trascnic energy 1nput, independent of particle size, and
. greater for lithlum/ethylenediamine=-reduced coal than for raw
coal. The ultrasonic extraction followed second-order kinet-
ics during the first hour and first-order kinetics thereafter,
The second-crder and first-order enthalpies were 8.7 and 2.5
kcal/mole, respectively, and entropies were =44 and -70 e.u.
The ultrasonlc energy probably affects the rupture of strong
hydrogen or aliphatlc covalent bonds which cannot be broken
by the solvent alone. Diagram, graphs, tables, and 25 refer-
ences,

1973

, 5.2 106671lr Role of hydrogen in the process of coal
extraction. Rauk, Jerzy; Rutkowski, Marian (Gl. Inst. Corn.,
Katowlce, Pol,). Koks, Smola, Gaz 1973, 18(3), 77-80 (Pol).
The role of H was studled by chromatog. anal. of the products
of thermal degrdn. at 400° of the extg. agents and of coal.

Tt involved stabillzatlon by H of free radicals resulting from
the thermal degrdn. o6f coal during 1ts extn. with ecrude and
hvdrogenated anthracene oill. The exptl, data are tabulated and
~discussed in terms of short-chaln free-radlcal processes taking
place during extn., Introduction of H into the extn., mixt, re-
sults in increasing the degreéee of coal conversion from 40 to
75% in the pressure range 38-118 atm.

- 5.3 - T1757s  Uncatalyzed hydrogenation of coal, Lieben~
berg, Barend J.; Potgleter, Hendrik G, J. (Dépt. Ind. Chem,,. _
Univ, Potchefstroom, Potchefstroom, S, Afr.). Fuel 1973, 52(2),
130-3 (Eng). The title reaction was investigated In a batch
reactor with Tetralin as solvent, the method differing from
others mainly in the sampling methods employed, Samples were
withdrawn from the reactor after reaction temp. and pressure
had been reached, thus excluding effects of heating to reaction
temp. and cooling to ambient conditions. Simple serles or
parallel reactions for the hydrogenation of coal suggmested 1n
the literature are oversimplified mechanisms. '
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1972

5,4 161936k  Low-condensation part of the hydrogenation
product of lignite vitrinite, Abdurakhmanov, K.; Zabramnyl, D.
T, (Inst. Khim., Tashkent, USSR). Uzb, Khim. Zh. 1972, 16(6),
52-4 (Russ)., The structural-group compn, of the title product,
caled. by the method of R. N, Hazelwood (1954#) from exptl. data
on n, d., and mol., wt. agreed well with that detd. by gas chro-
matog. The expts. were done with vitrinite sepd. manually from
Angrenskil lignite., The hydrogenation took place at 380° and
100 atm in the presence of 2% MoS3 as catalyst and the petrole-
um ether ext. was studied. The g&s chromatog. was done with a
1mx 4 mm column packed with Chromaton W satd. with 5% Aplezon
M, The initial temp. was 100° and the rate of 1ts increase was
5°/min. N was used as the carrler gas. The chromatograms of
the product were compared with those from hydrogenatlon of an-
thracene, phenanthrene, and pyrene. The av. no. of rings in
the product mols. was ﬂg3u, including 3.94 arom. rings.

1971

5.5 138603r Synthetie fuels process. Gorin, Everett;
Lebowitz, Howard E,; Rice, Charles H.; Struck, Robert T. (Res.
Div., Consolidation Coal Co,, Library, Pa.). World Petrol.
Congr., Proc.,, 8th 1971, 4, 43-53 (Eng). Appl. Sci, Publ. Ltd.:
Tondon, Engl. .A coal liquefaction process 1s described. The
process is an integrated operation with recycle of the natural
solvent, generated by ext, hydrogenation, to the extn. step.

The éxtn. behavior of various coals 1is considered with regard
to rank, and the extn. kinetics 1is discussed.

. 5.6 81467p Coal liquefaction using high- and low-
boiling solvents. Keller, John E.; Hochman, Jack M.; Foster,
James Q. (Esso Research and Engineering Co,) U.S., 3,726,785
(Cl1., 208/8; C 10g), 10 Apr 1973, Appl. 120,437, 03 Mar 1971;

7 pp. The 1lst and 2nd slurries of a particulate coal are
formed with low= and high-boiling fractions of a coal-derilved
solvent boiling at 300-1000°, the cut point of the 2 fractions
being from ~ 500 to ~600°, The slurrles are sep. llquefled,
producing a higher total cyclohexane conversion of the coal
than if the coal had been slurried instead in the total coal
derived solvent and liquefied under like conditions. The low
boiling coal-derived solvent should contain310.5 wt. % H, and
the high bolling coal-derived solvent £9,5 wt, % H. Liquefac~
tion conditions include a H treating rate of ~0.,1-6 wt, % H
(moisture, ash free [MAF]) coal, Liquefaction condltions in-
cluded a temp. of 700-950° at 300-3000 psig, and & lilg., resi-
dence time of 5=-60 min with a solventeto-coal ratio 0.8:1 to
2:1. In an example, a slurry of coal was prepd. wlth each

cut at 1.2:1 solvent=to=coal ratlio. The cyclohexane conversion
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of the slurry prepd. from 400-500° F cut was an av., 37.8 wt, %
(MAF coal) and that of the slurry prepd. with the 500-700°F cut
was an av. 3090 wt, % (MAF coal).

5,7 99786u Thermal liquefaction of a subbituminous
coal.” Seitzer, Walter H,; Shinn, Robert W. (Sun 011 Co.) U.S.
3,594,304 (Ccl1., 208-8; C 10g), 20 Jul 1871, Appl. 13 Apr 1970;

2 pp. The title process 1s accomplished by subjecting the coal
to soln. in a hydrogenated polycyclic-compd. solvent under H
pressure (2000~3000 psig) at 440-50° for a 5 to 20 min residence
time. The solvent to coal ratio 1s 2:1, Such solvents as
Tetralin, dihydronaphthalene, dlhydrophenanthroline, dihydro-
anthracene, and several others are used in the process., The
resulting product 1s similar to crude oill and 1s subjJected to
the usual refining techniques,

5.8 £1648n  Effect of the degree of hydrogenation of
extracting agents on the yield and quality of coal extracts.
Rauk, Jerzy; Rutkowski, Alojzy; Rutkowskl, Marian (Glowny Inst.
Gorn., Pol.). Koks, Smola, Gaz 1971, 19(11), 308-11] (Pol).
Coal samples were extd. with crude anthracene oll (I) contg.
5.15% H, with hydrogenated I contg, 5.42, 6.72, or 7.04% H, and
with hydrogenated coal exts, contg, 7.07% H. Thus, 180 g coal
of particle size <0.5 mm and 450 g oll were heated in an auto-
clave under N at B00 and 420° for 30, 70, and 90 min, With in-
creasing H content of the extg. oll, the amt. of ext. increased
from 8.8 to 67.5% and the amt., of the CgHg-1lnsol, matter in
these exts. decreased correspondingly from 22.3% to 7.73%.
During hydrogenation of I with H over 20% WS at U410-40° and
200 atm., the fraction b, > 445° is decreased from 51 to 5«9%
and that b, <« 445° is increased from U48.4 to 91-94,9%. The
latter 1s responsible for the extractive power and selectivity
of the oil.

5.9 101991y Hydrogenation of coal extracts, Rauk,
Jerzy; Rutkowski, Alojzy; Rutkowskil, Marian (Gl, Inst, Gorn,,
Pol.). Koks, Smola, Gaz 1971, 19(12), 325-9 (Pol), Coal from
2 Polish mines was extd. with a mixt. of hydrogenated anthra-
cene oil and the circulating oll from hydrogenation of another
coal ext., Extn, was performed for 30 min at 400°/100 atm,
These exts. were hydrogenated together with the extg. medium
at 400-40°/200 atm with electrolytic H over a W-contg, cata-
lyst (20% WSp) on an aluminosilicate carrier. Thils app. de=-
seribed permits operating at <500°/<300 atm. Good hydrogenatilion
effectliveness was obtalned only by repeating the operatlon.

J. Brzezinskl. '

5.10 Hydrogenation of solid fuels. A, A, Krichko (Inst.
Fossil Fuels) X T T #2:31=39 (1971). A review of literature
for the period 1927-69, with 49 references, includes the author's
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unpublished research on hydrogenatlon of Kuzbass gas coal plus
a petroleum fraction b, above 240°C with and without free radi-
cal type polymerication inhibitors (anthraquinone, anthracene,
etc.) at 425°C and 100 atm of hydrogen to convert 90-93% of the
organic matter of the coal (OMC) 1n the presence of catalysts.
Without catalyst the conversion 1is 17.7%, but rises to 67% with
addition of 1% molybdenum applied by impregnating the coal with
ammonium molybdate. A majJor part of the molybdengm may be re=-
placed by trivalent iron. With 0.2% Mo and 1% Fe + (calculated
on OMC) the conversion rises to 82.7%. Further decrease of
molybdenum cannot be compensated by iron. The beneficlal ef-
fect of combilned catalyst metals in Indlan coal hydregenatlion
has been reported by D. K. Mukherjee, et al (Symp. on Chem. and
0i1s from Coal, Dhanbad, Dec. 1969). Conversion of the petro-
leum products 1n the coal=oil mixture 1s llkewise improved. At
425°C and 100 atm, from the 240°C ibp fraction with a sulfur
content of 3.4%, 52% of the sulfur is removed as H,S 1in coal=-
011 hydrogenatlon and only 27.5% without coal; the formatlion

of saturated hydrocarbons is reduced to one-half; and the yleld
of liquid products increases from 80-85% to 93-95%., In hydro-
genation of coal with a similar fraction contg. only 1.6% sul-
fur, the OMC conversion fell by 10-12%. The reasons probably
are; (1) sulfur compounds, because of high electron affinlty
of sulfur, tend to react more readily with unstable radleals
from coal destruction than do hydrocarbons; and (2) high mole-
cular hetero compounds are dehydrogenated more easlly. The
experimental data obtained show that 75-80% converslon of coal
under the above conditions 1s feasible with a solvent which

is free from naphtha and ligroin fractions. Higher conversion,
without raising the pressure or using excessive amount of cata-
lyst, 1s obtalnable by adding to the reaction 1-5% of anthra-
quinone, anthracene as inhibitors, to give up to 92-93% con-
version of OM in gas coal and 95-90% in the case of brown coal,
The anthracene remains practically unchanged. Addition of 1%
of ionol cut down the conversion from 75-80% to 20-23%. Having
mobile hydrogen atoms in 9= and 10 positlons, anthracene pro=-
vides a reactive radical which 1s capable of migrating into the
micropore system of the coal and thus stabilizing the disinte-
gratlon products to prevent their recombination before hydro-
genation. Ionol on heating provides reactlve phenoxy radicals
to ald in dehydrogenation of structural units and the formation
of high molecular polycondensed fragments. Coal-oll hydrogena-
tion offers savings in external hydrogen consumption. The 5=6%
of hydrogen required for 95-97% conversion include only 1.52%
from a forelign source, because most of the hydrogen is supplled
by the petroleum product.

5.11 78930w Crosslinking of an organic coal mass.
Gadyatskii, V. G.; Shapiro, M. D.; Belozerov, A. M. (Dnepropetr.
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Khim,-Tekhnol. Inst., Dnepropetrovsk, USSR), Khim, Tverd. Topl.
1971, (3), 55-9 (Russ). The crosslinking of linear mols. of cozl
matter, taklng place at 170-200° under the action of the cross-
linking agents wehexachloro-p-xylene (1), 9,10-bls (chloromethyl)-
anthracene (II) and N-i- dinitroso-N-methylaniline (ITI) 1is indi=-
cated by a decrease in the yileld of volatile matter and of semi-
coke tar, by the soly. in phenanthrene (IV) and acenaphthene (V),
and by the loss of the sintering and plasticizing properties,
Samples of gassy, high-volatile fatty, and coking coals eround

to 0=0.25 mm were heated at 170-230° in N during 1 hr. I, II,
and IIT were added 1n amts. of 3-5% to the coal samples., The
crosslinking mechanism is discussed. Coklng of briquets prepd.
at 100° under 100 atm with 9% anthracene (VI),. 1V, and V re-
sulted in a 7-10% increase in the coke yield and in avoidance

of swelling and flow of the briquets during coking in the case

of IV, and 1in an 1ncrease in the coke yield of 1% with swelling
in the case of V. The effects are explained by the crosslinking
actlon of VI, the plasticlzing action of IV and interaction of

V with the coal mols. without crosslinking.

1970

5.12 Th625q Solvent extraction of coal by a heavy oil

Gatsis, John G. (Universal 011 Products Co. ) U.S. 3,705,092
(c1 208-8; c 10g), 05 Dec 1972, Appl. 99,70k, 18 Dee 1970; 2 pp.
Carbonaceous material, such as coal, 1s converted to lia,., prod=
ucts by solvent extn, with a heavy carbonaceous 1ig. conte,

C7Hyy-insol. material, such as a heavy asphaltene-contg. crude
o 1. The -admixed solvent and sclid are heated to 55~935°F 500=
1000 psig in the presence of H to liquefy the desired fraction’
of solid, The mixt. of solvent and llquefied coal recovered as
the product bolls at >~-650°F, and has a reduced asphaltene
content,

5.13 111673y Solution hydrogenation of lighite 1in coal-
derived solvents, Severson, D. E.; Skidmore, D. R,; Gleason,
B, 8. (Dep. of Chem. Eng., Univ° of North Dakota, Grand Forks,
N. Dak.). Trans. AIME 1970, 247(2), 133-6 (Eng). A modified
Pott Broche process was used to produce, in lab. guantities,
lig. products by scln. hydrogenation of coal, Over 100 lignite-
soln,=hydrogenaticn runs were made in a l-gallon stainless-
steel autoclave provided with stirring. The solvents included
anthracene oll, lignite tars, Tetralln, p-cresol, and others.
Optimum operatlng conditlons were 750°F and 1500 psig inltial
H pressure, corresponding to ~=3200 psig max, pressure in the
app. Anthracene o1l would be the most promising com. material
for starting solvent use, It performed well for 5 successlve ..
cycles of reuse in batch runs. Lignite tars decompd. under re-
action conditions,
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. 51908a  Extraction of naphthalenes from middle
distiliates, Rilad, M. A.; Mahmoud, B. H.; Hafiz, M, Y1;
Abdou, I. K. (Petrol. Sect., Nat. Res, Center, Cairo, UAR).
J. Inst. Petrol., London 1959, 55(543), 168-73 (Eng). The use
of furfural, PhOH, anillne, morpholine and p-crescl as selec-
tive solvents for the extn. of dicyclic aromatles present in
a 200-50° petroleum fraction were compared, under identical
conditions of extn. A general trend was observed in that the
addn, of water improved the selectivities of most solvents
tested, for monocyclic aromatics, naphthalene; l-methylnaph-
thalene, and 2-methylnaphthalene. Water-satd. p-cresol was
poor in selectivity for both naphthalene and 1its Me derivs,

5,15 4993k  Solvent extraction (at BCURA industrial la-
boratories, Leatherhead). Bond, Raymond L.; Ladner, William R,
Chem. Ind. (London) 1969, (39), 1366-7 (Eng). A flow sheet for
the solvent treatment of coals 1s given, and methods for further
processing of the ext, are examd. The highest extn, ylelds are
obtained from high and medium volatlile coals. The possible
production of §,10-dihydroanthracene and current processing
studies of various types of C as substitutes for petroleum
coke or graphlte are briefly discussed.

5.16 114111v  Hydrogenation-solvent extraction of coal.
Corey, Richard S.; Glelm, William K. T,.; Riedl, Frederick J.;
Sunagel, George R. {(Universal 01l Products Co.) Ger. Offen.
2,040,764 (C1, C 07¢, C 10g), 18 Mar 1971, U.S. Appl, 18 Aug
1969; 33 pp. Coal was converted by H treatment into 1ig pro-
ducts by using a double selectlve solvent system;, whereby non-
converted coal and ash was sepd. without filtration. Thus,

100 g bituminous Pittsburgh bed coal of 0,15 mm particle size
was mixed with 300 g Tetralin and milled 5 hr to give a col=-
loidal coal mixt. with particles < 0.1 mm diam and 95% < 2.
diam. coal particles. The colloidal mixt. was heated at 4%00,
140 kg/cm2 H pressure, 0.5 hr contact time, and 113 std. m2:0.159
m3 H-coal ratio and Tetralin removed to gilve a 1lig. product of
mol. wt, 503 and contg. H 7.18, C 87.70, and solids (coal, ash,
ete.) 0.50%. The 1lig. product (1 part) was extd., with 5 parts
CgHg 1 hr at 120° to give a H-rich upper and a H-poor CgHg

phase. The liq. coal product removed from the upper phase
contailned 7.75% H, had 450 av. mol. wt,, and was practlcally

free (0.01%) from solids. The lower phase had 1150 av. mol,

wt. and contained practically all the solids present Iin the
original extn. product.

5.17 115004n Interaction of coals with solvents.
Shapiro, M. D.; Gadyatskili, V. G. (Dnepropetrovsk. Khim,=
Tekhnol, Inst., Dnepropetrovsk, USSR). Khim. Tverd. Topl.
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1969, (4), 142-8 (Russ). A concentrate of grade Zh Donets
coal was treated with anthracene, phenanthrene, and dimethyl-
naphthalenes at 230, 26CG, and 290° for perioeds up to 17 hrs,
and solvent-coal ratio 10:1. The percentages of residual and
dissolved coal were detd, and also the volatlle content and
caking capacity of the residual coal. By treatment wlth an-
thracene, the materials balance at all temps. and times of
treatment exceeded 100%., The residual coal was deflclent in
caking capacity and content of volatiles, Struecturization of
the 1inear and branched components of the macromols, of the
original cocal occurred with accumulation of crosslinked, steric
macromols. With phenanthrene, the materials balance exceeded
100% only at higher temps. and longer perlods of treatment.
The residual coal was little changed in caking capaclty and con-
tent of volatile matter, Phenanthrene dissoclved linear and
branched components of the macromols., of coal and interacted
with them, whereby certain of their propertles were changed,
but not their structure. With dimethylnaphthalenes, the ma-
terials balance was always < 100%, and the residual coal was
similar to the original coal. No interaction of sclvent with
coal occurred in this case,

1968

5.18 33395p Coal liauefaction using dual solvent ex-
tractIon. Corey, Richard S.; Riedl, Frederick J.; Campbell,
Douglas R. (Universal 0il Products Co.} U. S. 3,535,224 (Cl,
208-8; C 10g), 20 Oct 1970, Appl. 25 Jun 1968; 4 pp. A
solvent-extn, process 1s described for producing H-enriched
hydrocarbonaceous products from particulate coal. The coal
is treated with a polycyvelic aromatic solvent, such as Tetralin,
and a secondary solvent, such as dichloronaphthalene, and H
at 250°-500° and —~ 2000 psig. About 50 wt. % of the coal is
converted to liq. coal extract having the following comp.:

S 0.72, benzene insol. 8.04, and H 7.07 wt: % and a mol. wt.
396, Stanley J. Gasior. :

5,19 128791r Dissolving solid carbonaceous material.
Martin, Terence Geoffrey; Wise, William S. D. (Cecal Industry
[Patents] Ltd.) Brit. 1,287,570 (Cl. C 10b), 31 Aug 1972,

Appl., 61,651/68, 30 Dec 1968; 4 pp. A cycllic process was de="
- veloped for extg. sol. or solubillized matter from coal or like.
carbonaceous materials with a reactive solvent at 360=l25° to
form a soln. or ext. of coal along with recovery of the solvent,
{ncluding the reacted solvent and (or) the solvent produced 1n
the extn., from the soln. or ext. of coal. The recovered sol-
vent 1s used again as the reactive solvent to form further solns.
or exts. of coal, The improvement 1is comprised of adding to -
the recovered solvent a cyclie activator, a compd. having elther
at least 2 carbocyclic rings or a heterocyclic ring having N
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as the heterocatom and which 1s capable of dehydrogenation, such-
dehydrogenation giving rise to an aromatlc ring rearrangement,
or a compd. having N in an aromatic ring, whereby the soly.

or solubilizability of the sol. or solubllizable matter of the
coal in the recovered solvent is enhanced. The cyclic activa-
tor is a ecyclle nitrogeneous compd., e.g. 1,2,3,4=-tetrahydro=-
quinoline, indoline, indole, pyrrolidine, pyrazine, plperidlne;
perhydrophenanthrene and 9;10-dlhydroanthracene, Examples us-
ing several of these activators were gilven (esp., 1,2,3,4-tetra-
hydroquinoline)., The wt. ratio of cyclic activator is usually
3-5%. The wt. ratio of solid carbonaceous material 1s usually
2:1 up to 5:1 or higher.

1967

5.20 92630g Solvation of coal. Willard C. Bull,
Lawrence G. Stevenson, Dean L. Klocepper, and Thomas F. Rogers
(to United States Dept. of the Interiorj. U.S. 3,341,447
(1, 208-8), Sept. 12, 1967, Appl. Jan, 18, 1967; 6 pp. A
process for upgrading of carbonaceous fuels by a soln. process
into low=-ash, low=0, and low=S fuels 1s described. Thus, Ken=
tucky no. 1l coal was dissolved in a solvent recovered from
previous extn, runs (b. 150-750°, 4. 1.1, C:H 1,0/0.9 to 1.0/
0.3) at 1000 psi. (80% H), 410°, and solvent/coal ratio 3/1.
The solvent/coal slurry was heated in 12«20 sec. to 410° until
the viscosity rose and then dropped to 3.43. The properties
of the product, after filtering, were 0.48% ash, 36.6% volatile
matter, 220° m.p., d, 1l.24, and 15,768 BTU./lb.

1966

5.21 Kinetlics and mechanism of solutlion of hlgh volatile
coal. George R, Hill, Hassan Hariri;, R. T. Reed, and Larry L.
anderson (Univ. of Utan, Salt Lake City). Advan., Chem. Ser.
No, 56, 427=46, discussion 446-7 (1966) (Engj. A kinetlc study
of the dissoln. of a Utah high-volatile bituminous coal in
Tetralin was conducted. Egulpment for obtalning rate data
during the early stages of the reaction were developed. The
data are interpreted in terms of a pseudo 2nd-order rate const.,
av. heats of activation, and apparent entroplies of activatlon;
the numerical values of these functions depending on the degree
of extn. The rate of soln. in Tetralin of this ccal was not
an equll, phenomenon, but was a2 kinetically controlled reaction
in which the av. activation energy increased as the reaction
proceeded,

5.22 39829¢ Mechanism of hydrogen transfer to coal and
coal extracts. G. P. Curran, R. T. Struck, and E, Gorin (Con-
solidated Coal Co., Res. Div., Library, Pa.). Amer, Chem., Soc.,
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Div. Fuel Chem., Preprints 10(2), C-130--C-148 (1966) (Eng).
The kinetics of coal extn. and of the transfer of H from Tetra-
1in to bituminous coal and a "shallow" ext, derived from coal
were examd, expt. A& no. of other active H-donor solvents were
also tested, such as cyclohexylphenol, cyclohexancl, dihydro=-
phenanthrene, and lsopropancl, All of the above donors gave
about the same amt, of H transfer at egual time and temp. con-
ditions., A limiting value of the amt. of H that could be trans-
ferred was approached at long treatment times. The depth of
extn, was a function primarily of the amt. of H transferred

and relatively independent of the solvent compn. employed.

The H-transfer results were interpreted in terms of a free-
radlical mechanism wherein the rate-detg. step 1s the rupture

of covalent bonds. The exptl. data could be adeguately rep=-
resented by a model where bonds of 2 different strengths are
involved. The dependence of H-transfer rate on Tetralin concn.
was guite complex and could not readily be interpreted in terms
of a simple theoretical model, A semi-emplrical correlation

is given which adequately represents the data,— Hydrogen-
transfer process to coal and coal extract. George P, Curran,
Robert T. Struck, and Everett Gorin (Consolidation Coal Co.,
Library, Pa.). 1Ind. Eng, Chem., Process Des, Developn. 6(2),
166-73 (1967).

5.23 Phenanthrene extraction of bituminous cocal. Laszlo .
A. Heredy and Paul Fugassi (Carnegile Inst, of Technol., Pitts-
burgh, Pa.). Advan, Chem. Ser. No. 55, U448-58, discussion
4589 (1966) (Enzy. Three bituminous coal samples were extd.
at 350° with gﬁenanthrene (labeled in 1 series with “H, in
another with 17C). The ext. yleld was 80-90%. Converting coal
to sol. products breaks C-H bonds; 10-15% of the H content of
the coal exchanged with that of the phenanthrene during extn.;
3-8% chem.-linked phenanthrene was found in the exts.; < 1% H
exchange took place between pure %odel compds. {(anthracene,
p-benzylphenol) and phenanthrene °H under similar exptl. con-
ditions. Thus, chem, reactions take place durling phenanthrene
extn. of bituminous coals. The role of phenanthrene in this
process is probably an interaction with the free radicals
formed in the thermal decompn. of coal,

1965

5.24 Structure determination of pitch resin by cataly-
tic dehydrogenation, C. Karr, Jr., K. B. McCaskill, and J. J.
Kovach (Morgantown Coal Res. Center, Bur. of Mlnes, Morgan=
town, W. Va.). Fuel 44(6), 437-41 (1965) (Eng). A structure
detn. of the CgHg-sol., EtpO-inscl. pltch regin from a low-
temp., bituminocus coal tar was made by catalytic dehyvdrogena=-
tion in pure phenanthridine, acrildine, fluoranthene, and

~134-



p-terphenyl, and by examn, of the ir and uv spectra of the dehy-
drogenates., Some of the structural features indicated for the
original resin were alc, OH groups of a type readlly converted
to anthrone or quinone ketone groups by dehydrogenation, and
naphthenic rings, partlally substituted with OH and Me groups,
attached to arcmatiec rings with a considerably higher degree

of substitution, Dehydrogenation of these naphthenic rings
resulted in a great increase of 3 or 4 atoms on aromatic rings
compared to 1 and 2 H atoms,

5.25 The hydrogenation of bltuminous coal with«K=-plpe-
coline. C. Kroeger and Fr. Burges (Tech. Hochsch., Aachen,
Ger.). BrennstoffeChem. 46(2), 34-6 (1965) (Ger}. Bituminous
coal of high gas conient was hydrogenated with L-plpecoline
at various temps. The optimum temp. and time were 315° and 9
hrs. (90.6% coal extd.). The reaction products were recovered
by fracticnal distn. and the following products were obtalned
from 100 g. coal: gas 0.35, fraction b. 190-360° (20C torr)
43,8, distn. residue 43.9, C residue 9,15, PhOH 0.56, water

2.11 g.

1964

5,26 Theory of the formatlon of a plastic mass and the
caking of coals, G. K. Petrik. Koks 1 Khim. 1964(5), 1-6,
The transition of coals to a plastlc state 1s pictured as a
process of thermal decompn. at the weakest bonds of the macro-
mols. representing the org. matter of the coal, leading to the
formation of 2 types of materials: (1) low=mol.-wt.; low=-melting
fragments of the macromols., and (2) high-mol.-wt. remnants of
the macromols. and products of their condensatlion, The plastic
state in the coking process depends on the interactlon cof these
2 types of materials. The varying response of varlous kinds of
coals, such as brown coals, long-flame coals, gas coals, lean
coals, and anthracite to plasticlzation in the coking process
is reviewed in its relation to the varying degrees of carboni-
zatlon of the coals resulting from 2 different processes: (1)
sepn. of O groups from the macromol., resulting in a decrease
of structural hardness, porosity, and an increase of plastici-
ty; and (2) condensatlon processes. The formation of a plas-
tic mass and its gquality depend to a large degree on the coking
conditions. Coking under gas pressure contributes to greater
plasticity by preventing the escape of low-mol.-wt. products.
Application of mech. pressure makes possible plasticizing of
coals that are not caking in conventional coking processes.
Various degrees of plasticity can be produced by varying the
speed of the coking process. Materlals that may serve as plas-
ticizers must meet the following 3 requirements: (1) relatively
low mol., wt., (2) compatibility with the high-mol.=-wt, products
of coal thermolysis, and (3) ability to survive the plasticlzing
temp. range of a given coal in the intramol. spaces of the
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high-mol.-wt. thermolysls products of the coal, Plastometric
expts, with the addn. of 10% of 10 plasticlzers to 5 different
coals showed the varying effectiveness of the plasticizers and
the selectivity of thelr effect. The selectivity was esn,
pronounced in anthracene, The propertles of coke wlth the addn
of various plastlicizers were also detd. Tn principle, the
mechanism of the Interaction of both low- and highemol.-wt,
products of coal thermolysis with the ore. caking additives

is identical to that of the plasticizing of polymers,

5.27 Thermal conversions of coal in high<beiling organic
solvents. E. S. Serik and M, N. Naboka. S8b, Nauchn, Tr. Ukr,
Nauchn.-Issled. Uglekhim., Inst. 1964(15), 57-60 (Russ). An
aprc. and procedure for studylng thermal converslons of coals
in high=bolling org. solvents (anthracene, phenanthrene, naoh-
thalene) are described. ' The procedure makes 1t possible to
achleve a material balance in the entire expt. as well as sep.
for the solvent and products of thermal coal conversion; to :
det., the dynamics of changes in the activity of a solid residue
as a function of temp., time of residence of the coal at a
‘given temp., and the degree of coal metamorphism; to completely
sep. the solid and lilquid phases formed durlng the heating of
coal; and to study the compn. of the 1liquid phase. From Ref.

Zh., Khim. 1964, Abstr, No. 23P62.

1963

: 5.28 97359p Deashing coal in the absence of added hy=-
dropeﬁf——Ward J. Bloomer (to Lummus Co.). U, S. 3,375,188
(Cc1.208-8), March 26, 1968, Appl. Nov, 26, 1963, and Dec., 19,
1966; 5 Dp. A method is described for producing substantiallv
ash-free coke from coals selected from blitumlnous, subbltumi-
nous, and lignite contg., extractable carbonaceous matter,
fusain, and mineral matter, There 1s salvage of gas, aroma-
tic solvents, olils and NHq. The method comprises mixing the
coal in crushed form in the absence of added H with a hirh-
boiling aromatic liquid solvent having cut pcints, converted
to 1 atm., of 600-3C0°F, to form a soln., of the extractable
carbonaceous matter in which solids including insol. fusain and
mineral matter are suspended, The suspended solids are sepd.
from the soln., after it has been cooled to 400-700°F, The
ratio of solvent to coal 1s 1:1 to 3:1, but may be a wlder
range of 0.5:1 to 6:1. The temp. of 600-850°F, 1s maintained
in the soln. for 3-120 min,

1962

5.29 Catalytic dehydrogenatlon o€ coal, Raphael Ray-
mond, Irving Wender, and Leslle Regmel (U, S. Bur. Milnes,
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Pittsburgh, Pa.). Science 137, No. 3531, 681-2 (1962), Vit-
rains from 5 different sources, together with 3 related mater-
jals, were refluxed with Pd, Ru, and Rh catalysts in high-
boilling aromatic and heteroaromatic solvents, As much as 53%
of the H in 1 vitrain was evolved as H gas. The yleld of H
varied with the rank of the coal and the nature of the solvent,
 but was little influenced by the metal or the catalyst support.

1961

5.30 Hydrocracking of the high~bolling fraction of coal
tar on a stationary-bed catalyst at 30 atmospheres., Ya, R.
Katsobashvili, Yu, N. Garber, E, I. El'bert, and Z. G, Belenko.
Koks 1 Khim. 1961, No. 10, 48-52; cf, CA 51, 16321g; 54, 10293h;
0.5.5.R. 113, 353, CA 53, 4718a.---Hydrocracking of high-boliling
fractions of coal tar, b. 270-360° plus, under 30 atm. at 400-
700° over active hydrocracking catalysts brings about a large
conversion of the semicondensed aromatic components to CgHg,
PhMe, xylenes, and naphthalene with its methylated homologs.
For the most complete conversion, the issuing products should
be recycled in the limits of 60-200%, By choosing the optimum
catalyst and operating conditions, 1t 1s possible to repulate
the process to obtain either naphthalene or CgHg--PhMe; the
former, because of more complete converslon of the raw feed,
is more profitable. '

1958

5,31 116273z Coal solvation with nonhydrogenated sol-
vent In the absence of added hydrogen, Ward J. Bloomer and
Samuel W. Martin (Beverly B, Martin, administratrix) (to Lummus
Co., and Great Lakes Carbon Corp.). U.S. 3,379,638 (Cl. 208-8),
April 23, 1968, Appl. Aug. 3, 1959, and Jan. 25, 1965; 6 pp. A
substantially ash-free soln. of carbonaceous matter 1s prepd.
from bituminous and subbituminous coal and lignite which consist
of extractable carbonaceous matter, fusian, and mineral matter.
The process comprises mixing the coal 1in crushed form with a
nonhydrogenated, high~bolling liquid solvent of high aromati-
eity, Its boiling temp., converted to 1 atm,, ranges from 650
to 850°F. The mixt. is heated in the absence of added H to a
temp. of 600-850°F. to form a soln, of the extractable carbon-
aceous matter wherein solids, including fusain and mineral mat-
ter, are suspended. The suspended matter is sepd. from the
soln. A temp of 750-825°F, and above the final decompn., temp.
of the initial coal 1s preferably maintained in the solutizer,
The heating of the mixt. is performed under a pressure of 1-8
atm. A ratio of high-boiling 1liquid solvent to raw coal of
~ 2:1 to 3:1 is preferred, however a ratio range of 0.5:1 to
6:1 may be used., The soln, 1s cooled to 400-700°F. prior to
sepg. the suspended solids from the soln,
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5e 32 Mechanism of the action of diluting components in
a charge (during coking)., V. E. Rakovskli. Khim. Pirogen.
Protsessov, Inst. Torfa Akad. Nauk Belorussk. SoR, MOsk. torf.
Tnst, 1959, 168- §5; cf. preceding abstr, The addn. of T solid,
Infusible substances, and esp., active substances of an aroma-
tic nature, increases the mean mol. wt. of the portion of the
charge capable of reaction, and this shortens the time re-
quired for the formation of a dense aromatic lattice. The
addn. of chem, active aromatized coke with a large surface
area results in increases in condensatlion reactlons and in the
interaction of this solid portion with the low-mol.-wt. aroma-
tic compds. Naphthenes play an important role in the coking of
fuel rich in H. The dehydrogenation of these compds, by O=-
contg. substances at the start of the decompn. has a favorable
effect on the formation of a stable coke because of the In-
crease 1n aromatic compds. The mechanism of the action of
added aromatic -hydrocarbons on poor, strongly carbonlzed, non-
caking fuels and of added semicoke and coke on fuels rich in
volatile substances 1s based solely on the chem, nature of both
processes, The addn, of anthracene o0ll to highly carbonized
fuels that have lost the capacity to be transformed into a plas-
tic state results in swelling of the high-mol.-wt, aromatic
part of the fuel, The introduction of 2-4% aromatic hydrocar-
bons greatly increases the stability., The aromatic-compd.. oils
should have a high b.p.

1958

5.33 Extraction of natural and oxidized coals of the
Irkutsk Basin with organic solvents, V. V. Tuturina. Trudy.
Irkutsk. Gornomst. Inst. 1958, No. 16, 247-56.,-==The soIubT
Jities of 5 typlical humus coals in alc., Cg¢Hgs pPyridilne,

PhOH, and anthracene oll were detd. both before and after oxidn.
with 2N HNO Solubllities of the natural cocals were rather
high and regched 100% in anthracene oll. Oxidized coals were
more sol., than natural coals. High-S coals were more sol. than
low=S coals,
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B. Catalysts, With or Without Solvent

1973

5,34 Preparation of fuels and chemical products from
mixtures of coal and petroleum. A. D. Krichko and M, K. Yuliln
(Inst. Fossil Fuels). KH T T #6:75-80 (1973). A combina-
tion process 1s proposed for producing commerclal products
from distillates with 320°C ebp derived in the 1liquid phase
hydrogenation of a coal-oll mixture (presumably in the pre-
sence of catalyst previously reported by Krichko). The pro-
cess includes distillation into two fractlons and boiler fuel
% 320°C, separation of phenols, hydrofining the 240°=320°C
fraction, distillation to recover naphtha of 180° ebp for hy-
droforming and a 180°«320°C fraction for hydrocracklng to
make gasoline., Tables, Contains new references to 1} A,
A. Krichko, T. A. Titova, et al, Trudy IGI 27 #1:111 (1971),
2 A. A. Krichko,R. A. Konyashina, T. S. Nikiforova, T. A.
Titova, Trudy IGI 25 #3:123-8 (1971).

5.35 Chemical composition of liquid products from coal
hydrogenation. E. A. Dembovskaya, A. A. Krichko, T. A,
Titova, D. P. Pchelina, T. M. Ravikovieh and M. A. Chubarova
(Inst. Fossil Fuels). XKh T T #5:84-90 (1973). Joint hy=-
drogenation of coal and petroleum products at the Institute of
Fossil Fuels was conducted in a continuous laboratory apparatus
with a reactor of 3 1, volume, at 100 atm and 420-425°C in the
presence of 1% trivalent iron and 0.2% molybdenum as catalyst.
The composition of the 180° ebp, the 180°-240°, and the 240°=
320°C fractions was determined, Thirty-eight aromatics rang-
ing from CS-C10 through diphenyl were identifled,

5.36 94543k Catalytic dehydrogenation of coal. 7.
Effect of some catalyst variables. Reggel, Leslle; Wender,
Irving; Raymond, Raphael (Pittsburgh Energy Res. Cent., Bur.
Mines., Pittsburgh, Pa,). Fuel 1973, 52(3), 162-3 (Eng).
Bruceton vitrinites were cafalytically dehydrogenated at 3U46°
for 5 hr in the presence of phenanthridine; the yield of H was
found to be not greatly affected by the catalyst support (Ca003
or Alp03) or the concn. (10-30%) of metal on the support, but
the metal used (Pd, Ru, Rh, Ir, Pt, Re, Fe, Co, or Ni) had a
large effect. Pd gave the highest yleld of H: ~ 30 EH atoms/100
C atoms in the coal.

1972

5.37 Hydrogenation of solid fuel. Effect of quality of
coal and of the method of catalyst application. A. A. Krichko,

-13G~




T, A, Vitova, et al. Kn T T #4:70=75 (1972). Six samples
of low=sulfur coal and a sample of brown coal, in the form of

a paste with a petroleum fraction b. above 240°C and an anthra-
cene fraction in U40:60:5 ratio, were hydrogenated in a rotary
autoclave at 425°C and 50 atm hydropen pressure for 2 hr in the
presence of (.2% Mo + 1% !e3* catalyst. The catalyst was appliled
onto the comminuted coal by successive Imprernation with solu-
tions of ammonium molybdate and iron sulfate and subsequent
drving to 1-1,5% moisture, or by addition of dry salts to coal.
Conversion of the organic matter of coal (0ONMC) ranged from 74.2
to 92.1%. Optimum yield of lisuld products was 86,7-88%, in-
cluding 23.6-29% originated from coal. However, these results
apply only to coal fresh from the mine and are sienificantly
lower for oxidized coal after 30-40 days stcorage in open air.
They were obtalned at pressures only one-half of those vreviously
used in the coal hydrogenation industry and with moderate hy=-
drogen-consumption, The catalyst applicatlion method is very
important: with catalyst powder added to cecal, conversion of
OMC into liquid declines by a factor of 1.6, compared with the
impregnated catalyst. With impregnated c¢atalyst, the vield of
phenols 1s 1,5 times and of nitrogen bases 3 times higher. The
use of 2%- or 5%-solutions and changes in the coal=to-soclution
ratio had no significant effect on coal conversion., Vet, a

4:1 ratio pglves a higher yleld of phenols and nitrogen bases
bolling up to 300°C, presumably because more uniform distribu-
tion of catalyst 1s favorable to hydrogenation of the decompo-.
sition products in the initlal staege of conversion so that they
remaln in the liquid, The composition of products of 180°-
300°C range, at all coal-cil ratios is 7.8% phenols, 8-9% ni-
trogen bases, and 50-52% aromatic hydrocarbons. Contains
reference: A, A, Krichko, R. A, Konvashina, et al, Trudy

IGT 27 #1 (1971). '

1971

5.38 156541g Effect of ferric oxide on the hydrogena-
tion of Oyubaril coal in Tetralin as the reaction medium. FujJi-
wara, Nobuaki; Matsuo, Aklra; Demuratanl, Takayukl; Yoshimura,
Futoru (Univ. Osaka Prefect., Sakai, Japan). MNenryo Kyokal-
Shi 1971, 50(12), 910-18 (Japan). In the presence or absence
of Fe2(C3, Oyubari coals ( < 100-mesh), exte, at 50° with py-
ridine and deashed, were hydrogenated for 1 or 8 hr at 300-

. 400° and 50 kg/em” initial H pressure. Fe,C3 suppressed the
hydrogenation, and its addn. (100 wt. % to c¢dals) also increased
the O content of the hydrogenated (1 hr) coals. On the other
hand, Fes03 was reduced to ferrous ions or metal during the
hydrogenation, but these had no tendency to promote the hvdro-
genaticn., The aromatle H/C ratio of the hvdrogenated coals

was nearly the same as that of the original coals, but the alil-
phatic H/C wvalue increased,
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1970

5.39 122241¢g Interaction of solvent and catalyst in
coal hydrogenation. Pastor, G. R.; Angelovich, J. M,3 Silver,
H. F. (Chem, Eng., Univ. Wyoming, Laramie, Wyo.). Ind. Fng.
Chem., Process Des. Develop. 1970, 9(4), 609-11 (Eng). The
effect of 1lnteraction between catalyst and solvents on the
extent of the lige~phase coal hydrogenation was examd. A sub-
bituminous Wyoming coal was impregnated with varylng amcunts
of ferrous ion catalyst and hydrogenated at 400°, Three solvents
were used. Differences in the conversion levels attributable
to the solvents decreased as the concn. of the catalyst on the
coal increased to 1.0 wt. %. Further increases 1n catalyst
conen. had little effect on conversion. Even when ferrous ion
catalyst 1s used, the soly. characteristics of the solvent (mea-
sured by the nonpolar soly. parameter) are lmportant In obtalning
max, ylelds of CgHg-sol. products, Coal size 1s not important.

1967

5,40 30666 Coal hydrogenation. I. General Report.
Silver, Howard F, (Univ. of Wyoming, Laramle, Wyo.). U. S.
Clearinghouse Fed. Sci. Tech, Inform., PB Rep. 1967, PB-178848,
T9 pp. (&Eng), Avall. CFSTI, From U, S. Govt. Res. Develop.
Rep. 1968, 68(18), 82, The work completed during the ¢Znd
extension of this project has been directed primarily toward
evaluating the effect of the concn. of ferrous lon catalyst
on the yields and properties of hydrogenated coal bitumen, A
complete set of the data obtained is included in Part II of
this report.

30667k  Coal hydrogenation. II. Test data,; notes,
and calculations. Silver, Howard F. {Univ. of Wyomlng, Lara-
"mie, Wyo.). U. S. Clearinghouse Fed, Sci. Tech. Inform., PB
Rep. 1967, PB=178889, 51 pp. (Eng). Avall, CFSTI. From U.S.
Svt. Res. Develop. Rep. 1968, 68(18), 82, All test data, per-
TInent notes, and applicable calcns. from the coal hydrogena-
tion study are presented. '

30668m Coal hydrogenation. III. Summary report.
Silver, Howard F. (Unlv. of Wyoming, Laramie, Wyo.). U. S.
Clearinghouse Fed. Sci. Tech. Inform., PB Rep. 1967, PB-I78850,
5 po. (Eng). Avail. CFSTI. From U. S.Govt. Res, Develop. Rep.
1968, 68(18), 82, A satisfactory bltumen product can be pro-
duced from low=rank coals, such as those found 1n Wyoming by
using a coal-derived solvent such as would be produced as a
by-product in a coal hydrogenatlon process.
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1965

5.41 Hydrogenation of coal In the batch autoclave. C.
0, Hawk and R. W, Hiteshue (U. S, Bur. of Mines, Pittsburgh,
Pa.). U. S., Bur. Mines, Bull., No., 622(3), 42 pp. (1965)
(Enr). Bltumlnous coal was fested by a dry method, chargine
the autoclave with dry ingredlents only: coal, catalyst, and
H., Sn catalysts showed the highest activity in the wildest
variety of forms and were the easlest to dlsperse. As a eroup,
metal naphthenates were the most effectlve,

1964

5.42 Hydrogenation of New Mexlco coal at short resi-
dence time and high temperature. Sam Friedman, Raymond W.
Hiteshue, and Martin D, Schlesinger (U, S. Bur, of lNines
Pittsburgh, Pa.). U, S. Bur, Mlnes, Rept. Invest., No, GﬂTD,

28 pp. (1964}, The study was made in a bench-scgle, semicon=-
tinuous unit at pressures of 500 to 6000 1lb./in.“ mage '
(p.s.i.g.), 480 to 1000°, and residence times of < 1 min. to
15 min., Ammonium heptamolybdate was impregnated on the coal

to furnish 1% Mo, based on moisture- and ash-free (m.a.f.) coal.
Coal could be rapldly hydrogenated at elevated temps. and
pressures to yleld large amts. of gaseous hydrocarbons and
small amts., of "low-bolling ¢ils, high in single-ring aromatics.
At 800° and 6000 p.s.l.g. and a residence time of 1 min., the
yvleld of hydrocarbon gas was 43% and of 1iquid hydrocarbons 9%,
based onm m,a.,f, coal, With a 15-min. residence time, the vield
of paseous hydrocarbons lncreased to 63% with a decrease in
vleld of oll to 6%. At higher hydrogen velocitles, the vields
of oll were much greater but contalned laree quantities of as-
phaltene, Low concns. of Mo (0,01 and 0.1%) or a hieh concn.
of Fe (1%) were ineffective at 800°, 6000 p.s.l.g., and short
resldence time. _ :

5.43 Hydrogenolysis and structure of Hokkaldo coazls., I,
Hiroshl Nagal and Akira Akama (Prefect. Chem, Ind. Res. Inst.,
Hokkaido, Japan). Kogyo Kagaku Zasshi 67(8), 1260-6 (1964),

To coal-cll pastes prepd. from 15 Hokkaldo c¢oals of different
geologlcal age (contg. 60-85% C) and creosote oll, was added
0.3% S and Bayer catalyst, and the pastes were hydrogenated

in a 5.5-1. rotating stainless steel autoclave at an initial H
pressure of 100 atm., temps. of 425° and 450°, and contact time
of 2 hrs., Degrees of coal decompn., degrees of liguefactlon, H
consumption, light oil ylelds, and components of the light oll
were detd., and the structure of the ccals was estd. on the
basis of these results, II,  Ibid.,, 1266-70, The structure

of Hokkaido coals was estd., from the results of hydrogenation
expts. carried out under the same condlitions except that the
contact time was 0, 0.5, and 1 hr., reso.
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196
: 5,44 Liguefaction of coal. G, Arich and A, Cocco (Univ,
Trieste, Italy). Univ, Studi Trieste, Fac. Ing,, Ist. Chim.
Appl. No. 12, 84 pp. (1963). Desirable characteristics of
coal sultable for hydrogenation include a low content of min-
erals and moisture and a C:H ratio < 15. A min, of 357 vola-
tile matter and a relatively high % of 0 and org. S are also
desirable. Metal catalysts for coal hydrogenation must be re-
sistant to S. Metalle sulfides possessing catalytic activity
should be used. Finely dispersed Ni and Mo are good catalysts
but are not superior to Sn. Lignite, however, can be hydro-
genated by using 6-7% Fe oxides as catalysts. Coal hydrogena-
tion ylelds gas, gasoline (b, 40-180°), medium oil (b. 180-330°),
heavy oil (b. > 330°), asphalts (CgHg~sol.), and insol. resi-
due, The gas fraction consists of Cg » C3Hg, CoHg, Me,CH, and
CyHyps in addn. to N, NH,, H,S, CO, CO,, gng H26. The~gasoline
fracgion contains S, N, gnd 6 compds, %alcs., aldehydes, and
ketones). Medium oil contains phenanthrene; carbazole, pyrene,
methyl- and dimethylpyrene, coronene, and benzoperylene. The
oll fractions also contain about 50% of the N and 20% of the S
and O originally present in the coal. Other compds. present
are phenol, cresols, xylenols, and higher homologs. 125 ref-
erences.,

1962

5,45 Relative activity of impregnated and mixed molyb=-
denum catalysts for coal hydrogenation. M. D, Schleslnger, L.
V. Frank, and R, W, Hiteshue (U, S, Bur, Mines, Plttsburgh,
Pa.). U. S. Bur, Mines, Rept, Invest. No. 6021, 12 pp. (1962).
Exptl, data are given to show that when a vehicle oil produced
from coal is present, coal 1s hydrogenated to the same high
converslion whether Mo catalyst 1s impregnated on the coal or
intimately mixed with the slurry. Differences in product dis-
tribution could be related to the severity of operating condil-
tions. A mixing time of 2 hrs. was sufflicient, Hydrogenatlon
conditions were 8500 to 10,000 1lb./sq. in. at 400-500° with Mo
conens, of 0.01%, 0.1%, and 1%, With 15-60 min. at temp.,
coal conversions higher than 98% were obtalned.

5.46  Liquid-phase hydrogenation of Milke coal in an ex-
perimental flow plant. Experlimental results with creosote as
the vehicle, Tsutomu Sakabe, Yoshlaki Ogoa, Rokuro Sassa, Morilo
Suzukl, Michio Norle, Yoshlo Kambayashi, Tomlsaburo Ohilsa,
Masao Takahashi, and Mitsugu Funakl (Resources Pes. Inst.,
Kawaguchi). Kogyo Kagaku Zasshli 5, 297-303 (1962), By using
the continuous unlt for liguid-phase coal hydrogenation (ibid.
63, -545 [1960]), the variation in compn. of the products during
long runs was investigated. Work was carrled out chlefly with
creosote as the vehlcle, Optimum conditions for hydrogenation
of Miike coal with Bayer-mass catalyst were 300 atm., 440° (1st
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converter) and U460° (2nd converter), 6 kg./hr. of paste, 5.5
normal cu., m./hr. of H, and a rate of gas circulation of 24-
32 1./hr. at operating pressure., The following results were
achieved: decompn, of coal, 97.2%; asphalt production, 3.0%;
light o1l b, <« 300°, 71.9%; gaseous products, 22.1%. :

5.47 Production of chemicals from the anthracene frac~
tion of coal tars by highetemperature hydrogenation. A, G.
Borts, A. A. Krichko, R. A. Konyashina, A. V. Lozovoi, and L,
N. L'vova., Tr. Inst. Goryuch, Iskop., Akad. Nauk SSSR 17,
25061 (19627, Hydrogenation of the anthracene fraction for
the production of solvents, Cg~Cg aromatlc hydrocarbons, phtha-
lates, and other products was carried out under 100-200 atm. at
520=-50°, with a space velocity of 0.5-1.,2 kg./l./hr., with a H
feed of 2000 1./kg., over MoO3=AlpC3 and CoO-MoO3-A1503 cata~-
lysts, to obtain yields. of <£80%.

1961

5.48  Hydrogenation of coal, Wilburn C., Schroeder, Law-
rence G. Stevenson, and Thomas G. Stephenson (to Fossil Fuels,
Inc.)., U,S, 3,152,068 (cl, 208-11), Oct. 6, 1964, Appl, April
21, 1961; 8 pp. Dry coal, pulverized to 70% through 200 mesh
and catalyzed with an (NHy),MoOy soln, or with a soln. of any
other catalyst, followed by drying, is hydrogenated with ex-
cess H to tar, liquids, and gaseous hydsocarbons without addn.
of a pasting oil under 500-4000 1b./in.“ gage and 450-600° for
a residence time of <« 1 min. With increasing temp. the produc-
tion of tar and liquid hydrocarbons decreases while that of
gaseous hydrocarbons increases. Substantlally complete con-
version of coal to liquids and gases 1i1s obtalned with shorter
residence time as the temp. 1s Ilncreased., The most favorable
temp., for the production of a high proportlion of liquids and
tars is between 475 and 525°, while for the preoduction of gase-
ous hydrocarbons a temp. between 650 and 700° is most suitable,
Pressures as low as 500 lb./1In.“ gage provide almost as %ood,
conversion to light liquids as pressures at 6000 1b,/in.< gage.
The max. converslon apsears to be obtalined at 1500-3000 1b./1in.?
gage, At 2000 1b./in.¢ gage and 500°; max. conversion was ob-
tained at approx. 22 sec. when about 30% liquids, 40% tar, and
30% gas was produced.

5.49 Hydrogenation of coal at short retention times,
Paul S, Lewis, Henry H. Ginsberg, and Raymond W. Hiteshue (U.
S. Bur, of Mines, Pittsburgh, Pa.}. U, S. Bur. Mines, Rept.
Invest, No. 5908, l4pp., (1961),---Bench-scale expts. showed
the gross effect of retention times ranging from 0.1 to 14.5
min, on the conversion of high-volatile C bituminous coal to
liquids and gases. The uncatalyzed coal was hydrogenated at
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400, 450, and 538° and at 500, 1000, and 2000 lb./sa. in gage.
The % coal conversion increased rapldly during the initial 3
min., and asymptotically approached a max. within 7 min. under
all conditions. Reasonably good correlations of ceoal conver-
sion with time, pressure, and temp. were obtained. Temps up
to 900° and retention times of about 1 min. are recommended
for future expts. with the objectlive of producing only gaseous
hydrocarbons and partially devolatilized coal suitable for use
as a solid fuel. The reactor contained 13 semlcircular ledges
and the retention time was controlled by the rotation of scra-
pers which swept the coal from ledge to ledge. Only coal feeds
that did not adhere to the internal mechanism could be used.

1960

5.50 Experimental plant for continuous liquid-phase coal
hydrogenation. Tsutomu Sakabe, Yoshiakl Ogo, Yoshlo Kambayashi,
Rokuro Sassa, Morio Suzukl, Michlo Horle, Tomisaburo Ohisa, and
Mitsugu Hunaki (Resources Res. Inst., Saitama). Kogyo Kagaku
Zasshl 63, 545-55 (1960). A 50 keg./day pilot plant for contl-
nuous cocal hydrogenation at 700 atm. and 450-80° 1s described.
In this plant, preliminary expts. under 200 atm, pressure with
Miike Miyanoura coal and Sn oxalate catalysts have been carrled
out successfully during the past 2 years,

1959

5.51 Investlgations on agpglomeration during low=-pressure
hydrogenation of coal in a fluidized bed. Walter Kawa, Raymond
W. Hiteshue, William A, Budd, Sam Friedman, and Robert B. Ander-
son, U. S$. Bur. Mines, Bull. No. 579, 1-11 (195%9). Agglomera-
tion is the main difficulty during the low-pressure hydrogenation
of dry, bituminous coal in a fluidized bed. Expts. with fairly
small amts. in a semicontinuous plant have shown that agglomera-
tion can be prevented if the operatlion is carried out at a
relatively low temp. and if the coal 1s pretreated wlth an al~
kall carbonate or (NHy)pMoOy in the presence or absence of H.
A diln., of the material wilth charcoal is also favorable, The
residence time at 400-500° must be sufficiently long to get a
good yield of oll. There were no agglomeration difficulties
during the processing of Texas lignites. From C.Z. 1960, 6020,

1958

5.52 Catalytic decomposition-extraction of coal. Nakaji
Yuki and Yoshio Kawana (to Japan Agency of Industrial Scilence
and Technology, Minister of International Trade and Industry).
Japan, 6256 ('62), June 28, Appl. Sept. 22, 1958; 3 vp. Pastes
made of coal powder and solvent tar were heated at 350=500° with
catalysts and carriers to obtaln tars having low-bolling
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components. A powder of Pacific Ocean coal {<100-mesh) was
mixed with a fraction from tar distn. (b, 200-320°) in a 1:3
by vol, ratio to form the paste. CuO (0.5%) was added to the
paste, and the mixt. was heat-treated at 400° under a pressure
of 20 kg./cm.” for 1 hr. The product was distd., at atm. pres-
sure. The components b, < 300° comprised 75.8% of the product.

c. Physical Parameters of Sclvent

1972

5.53 68U461n Thermal liquefaction of brown coal in
Tyumen petroleum studied by experimental~statlstical methods.
. Bentsianov, Yu, V.; Korolev, Yu, G.; Kuz'micheva, T. A.;
Makarov, G, N.; Chuparova, L. D. (USSR). Tr. Mosk. Khim,-
Tekhnol., Inst, 1972. No. 70, 238-~40 (Russ). 'The optimal
conditlons were investigated for prodn, of low-ash coke by
liquefaction of brown coal in high<S crude oll fractions b,
> 240°, The math. model of liquefaction was based on the
effect of parameters, e.g. dissoln. temp., process duration,
wt. ratic of solvent and org. mass of coal, and initlal mols-
ture of coal on the degree of converslon and yleld of ext,,
gas, and heavy fractions b, > 360°, These equatlons showed
clearly nonlinear characteristics. At « 390°, the desrdn.
and dissoln. reactions are predominant, whereas at >390°, their
rates decrease and the secondary decompn, reactlons of dissolved
¢coal and reactions of condensatlon and synthesis are more pro-
nounced, Thls change 1s combined wlth a sharp decrease of
heavy fractions in the ext. and their pptn., The dissolving
capacity of the scivent depends on the content of polar groups,
€.Z. S,

1971

5.54 21461x Thermdl dissolution of Irsh-Borodinsi brown
coal In Arlan petroleum by a fractional factor experiment method.
Bentsianov, Yu. V.; Zagorets, A. M,; Korolev, Yu, G.; Makarov,
G, N.; Filippovskaya, Z. V.; Chuparova, L. D. (USSR). Sin.
Anal, Strukt, Org. Soedin. 1971, No. 3, 215-24 (Russ). ~From
Ref. Zh., Khim, 1572, Abstr., No., 3P113. Soln., was studiled of
brown coal (moisture content 20-5, ash content 4-5, contents
of volatile components, C, and H 56-8, 68.70, and 6.46% resp.,
and relative to combustible coal mass in Arlan petroleum (b.
> 240°, distillate «£ 300° 9.7, >450° 58,87% and contg. S 3.12,
asphaltenes 9,3, C 84,08, and H 11.18%)., Effects of soln.
temp. (250-320°5, time (10-60 min), solvent:coal ratio, and
molsture content of the coal on the extn. yleld, ext. compn.,
and of the parameters were evaluated and recression equations
describing these effects were derived.
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5.55 18716h  Effect of some additives to coals on the
properties of the plastic mass they form and on the composi=-
tion of semicoking products. Tyutyunnikov, Yu. B.; Sintserova,
L. G.; Kashirskaya, L. P.; Romodanov, I. S. (USSR). Sb. Nauch,
Tr., Ukr, Nauch.-Issled. Uglekhim. Inst. 1571, No, 24, 55=69
TRuss). CoOkIng of coal witn the addn. of mazut broadened the
li1q.-state temp. range for the plastic mass, whereas addn. of
paraffin narrowed this range, Mazut decreased the ylela of
pyrogenic HpO and increased the yleld of phenols, the latter
owing to a mazut-caused transformation of the C-contg. sub-
stances of coal into phenols. To a gas coal of low degree of
metamorphism, org. compds, wlth a high tendency to split off H
and to form inactive free radicals were added, 1.e. pyrogallel,
pyrocatechol, & ~naphthol, and 2,3,5,6-tetramethyl-p-phenylene-
diamine, in amts. of 0.5-8 wt. %, and the mixt. was rapidly
heated to 200, 250, and 300° with a gaseous heating medium.

The dynamics of viscosity in the plastic state, Roea index,
and concn. of paramagnetic centers were detd. The addn. of
0.5% #=naphthol improved the coking ability and lowered the
viscosity in the plastic state the most, Reactlions between
products of thermal decompn. of coal and H from additives was
confirmed by the material balance of the products of semi-
coking. : _

1970

5.56 34152¢  Solvents used in the conversion of coal.
Angelovich, J. M.; Pastor, G. R,; Silver, H, F. (Univ. of
Wyoming, Laramie, Wyo.). Ind. Eng. Chem., Process Des. De-
velog° 1970, 9(1) 106-% (Eng). The results of an exptl. study
o) e effectiveness of solvents in the lig.-phase catalytic
hydrogenation of a subbltuminous Wyoming coal 1n a batch reac-
tor were correlated by using Prausnitz's concept of a nonpolar
soly. parameter., Kiebler's exptl. data from a solvent-extin.
study of a Pittsburgh seam coal have also been correlated by
using this parameter. Solvents with a nonpolar soly. para-
meter of ~ 9.5 appeared to be most effective 1n both studles.
Anal. of data from Australian coal-extn. studies and Japanese
coal-swelling studies showed simllar results. This suggests
that the nonpolar soly. parameter may be useful as an addnl.
tool for screening solvents proposed for coal liquefaction or
extn, processes,

5.57 89545e Solvent effect of vehicle 01l in coal hy-
drogenolysis reaction under hlgh pressure. Maekawa, Yousuke;
Shimokawa, Katsuyoshil; Ishii, Tadao; Gan, Takeya (Gov. Ind.

Dev., Lab., Hokkaido, Japan). Kogyo Kagaku Zasshl 1970, 73(11)
2347-51 (Japan). A coal hydrogenolysls reaction under pres-
sure was carried out using a shaking-type autoclave. The gua-
1ity and type of vehicle oil were changed under a glven reaction

~147-



condition to det, the derree of converslon. Tn the process

nf the reactlon, an Intimate relatlon existed between the de-
prec of conversion and the fluldity of reactants within the
autoclave., Under reaction conditions in which the reacticn rate
was not influenced by stirrinm, the measured reaction const,
showed 1dentical values irrespectlve of the presence or ab-
sence of the vehicle oll and (or) the type of oll. The pheno-
menon in which the reaction rate varies with the tyne of vehicle
01l was considered hitherto as the sclvent effect in the hydro-
genatlon reaction, This actually arises from the effect of
vehicle o0il on heat and mass transfer process in the reaction,
When a complex heterogeneous reactlon, such as coal hydrogeno-
lysis reaction under pressure, ls carried out using a batch-
type autoclave, there are cases in which a proportlonate re-
lation deces not necessarlly exist between the converslon and
chem, reactivity.

1967

5.58 5268u Kinetiec studv of the thermal dissolution
of high-volatile bituminous coal, Wiser, Wendell H.; Hill,
George Richard (Univ, of Utah, Salt Lake City, Utah). Symp.
Scl. Technol, Coal 1967, 162-7 (Eng). Mines Br., Dep. Energy,
MInes Resour,: Ottawa, Can., Dissoln. was done in Tetralin at
350-450°, The fraction extd., after 6 hrs, at 400° became max.
and const. when 8 ml. Tetralin/g. coal was used., Initial re-
actions were 2nd order with enthalpy of activation 28,8 keal./
mole. The latter parts of the reacticns were 1lst order with
enthalpies of activation 15,6 kcal./mole.

1965

5.59 Use of surface-active agents in the extractlion of
solld Tuels, Lidia Wnekowska, Amalla Toblczyk, Barbaraz Wojl-
ciechowska, and Barbara WoJakowska. Prace Glownego Inst,
Gornictwa Komun. No. 378-386, 367-737(1965) IPOT;. Tests on
several difrerent solid fuels showed that surface-active apgents
increase the yleld of substances extd, by acetone and by Tetra-
1in. Tetralin was a better solvent than acetone. Nonionic
surfactants had the greatest effect. However, no regularity
of variation in the yield of ext. could be established, elther
related to the type of fuel or to the type of wetting agent.

1963

5.60 Agitation in liquid-phase coal hydrogenation and
its scale effect. Tsutomu Sakabe and Yoshiakl Ogo (Resources
Res. Inst,, Kawaguchi, Japan). Kogyo Kagaku Zasshl 66(12)};
1875-80 (1963). A study of agitatlion in a liquld-=phase hy-
drogenation reactor showed that the agitation was sufficlent
at standard reaction conditions of 300 atm., U445-465°, a coal-
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paste feed §ate of 0.6-0.7 kg./l.hr., and a H:coal paste ratic
of 2-2.4 m.”/kg. The effects of thermal expansion, absorption,
and consumption of H by a liquld were examd. by using an an.
0.5N NaC04 soln. instead of the coal paste, and 4 similar
reactors of different slizes were used to study the scale ef-
fect. The agltatlon did not depend on the H:coal paste ratilo,
but the linear veloclty of H gas charging must be oproportional
to the dlam. of the reactor to achleve a corresponding agita-
tion effect. This can be explained by dividing the agitation
effect into 2 factors, one dominant in the mixing of liquids,
and the other dominant 1n suspending solid particles, such as
a catalyst, in the liquid.

1962

5.61 Solvent extraction of coal, Yuzo Sanada and Hide-
masa Honda (Resources Res. Inst.,, Saitama-Ken). Bull. Chem,
Soc., Japan 35, 1358-€0 (1962), The customary method of Soxhlet
extn. was modified by uslng solvents at their b.p. to oreclude
the rejection of several solvents by earller lnvestigators on
the susplclon of chem. effects; poor dissolving power, or in-
completeness of extn. The cohesive energy d. for 14 solvents,
eps (cal./cc.), was caled, from the following relation: e, =
(Eb - MRT)Vy, where Ly 1s the latent heat of vaporization at°the
b.p. in cal./mole, Vi 1s the mol. vol, at a normal b.p. in cc./
mole, R 1s the gas const.,, T is the b. temp. in °K,, and u is
the correction term in u = PV/RT. (For substances b. >50° the
H correction can be neglected.,) Vyp was calcd. by the additive
method by using LeBas'’s vol, increments (cf. Rein and Sherwood,
Properties of Gases and Liquids, 1958, p. 51). The av, error
of the compd. tested was 0[,7%. The value of L, was available
in the literature. The yileld of ext. at the b.p. together with
certain phys., data are shown for the 14 solvents used with b,ns,
from 61° to 202°,

_ 5.62 Effect of pressure during thermal decomposition of
coal. M. G. Sklyar and V., I. Shustikov. Khim. 1 Tekhnol.
Topliv 1 Masel 7, No. 8, 39-42 (1962).  In the thermal pro=-
cessing of solld fuels, external pressure exerts a marked ef-
fect in promoting internal reactions wlthin the particles,; in
lowering the av. mol. wt. of the org. mass, in raising the soly.
of the preducts in org. solvents, and in lncreasing the plasti-
city at a given temp. A coal heated to 390=U400° in a 1lab,
autoclave from which the air had been purged with a fuel gas
had, under 1 kg./sq. cm. pressure; a soly. in CgHg of 25.05%,
and, under 49 kg./sq., cm., 32.68%. At pressures of 1.0, 49.2,
and 92.5 kg./sq. em., gas ylelds from 1 keg. of coal were 30.0,
15,0, and 3.61., resp.; H ylelds;~—, 1.36, and nil,
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1961

5.63 Hydrogenolysls of coal. Hisashl Hara, Hirohlsa
Kudo, and Kiyoshi Mizushima., Nenryo Kyokaishi 40(411), 545-
55 (1961). The speed of hydrogenolysis of coal depends upon
the speed of soln, of H in the liquld phase and on the no, of
collisions between H and coal particles. The influence of
preliminary heat treatment of the paste on hvdrogenolysis, si:ze,
and sedimentation rate of the coal particles in the paste, as
well as the viscosity of the paste, was studied. The soly., of
H in the paste and the paste oil was detd. The paste 1s better
suited for the hydrogenolysis, which should be carried out at
the highest possible pressure and temp. From CZ 1963 (49), 21764,

D. Treatment of Coal Products

1973

5.64 5620p Hydrocracking of distillates of coal crigln,
Krichko, A. A.; Yulin, M, K,; Ravikovich, T. M.; SKvortsov,
D, V.; Muselevich, D. L.; Zamanova, L. P, (Inst. Goryuch.
Tskop., Fcscow, USSR). Khim. Tverd, Topl. 1973, (4), 75-81
(Russ). FResults of hydrocracking of the hydrorefined dls-
tillate (b.p. >320°) of a vacuum gas oil from the Romashkino
petroleum and of the hydrorefined distillate (b.p. 180~320°)
from the 1llq. coal hydrogenation products on zeollte catalyst
were given. At 380° and 40 atm, nydrocracking of gas oll
fraction gave conversion of 31.3-34.5%, whereas that of the
1liq, coal hydrogenation products gave 52.6 % gasoline of b.p.
< 180° and 9% gas per 1 passage. The zeolite catalyst acti-
vity did riot change after 800 hr, .

1972

5.65 5624t Cuality of synthetlc pasoline from coal,
Qader, S. A.; Sindh, Surlit; Hill, G. R. (Dep. Min,, Meétall.
Tuels Ene,, Univ, Utah, Salt Lake City, Utah). Amer, Chem,
Soc., Div. Fuel Chem., Prepr, 1972, 16(1), 36=43 {Eng). The
quality of coal rasoline depends mainly upon the nature of the
coal oil and the processing conditions. The nature cf the
coal oill in turn depends upon the coal conversicn process.

The ¢oal gasolines preod., from different coal olls by hydro-

_ treatment were hipgh in arom. content (65-85%). The arom.
content of the coal gasoline was reduced to 30% by extn., by
DMF. The arom., extract was hydrodealkvlated under mlld con=
ditions to produce benzene~toluene-xylene fraction (BTX}. The
~effect of producine low arom, gasolines and BTY from ecoal oil
on the economics of the coal hydrogenation process was dis-
cussed, :
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5.66 142170y Pressure influence on yleld of coal ex-
tractlon, Rauk, Jerzy, Rutkowskl, Alojzv; Rutkowskl; Marlan
(Nauk. Inst, Chem. Technol., Polltech, Wroclaw., Wroclaw,
Pol.). Pr., Nauk., Inst. Chem. Techncl. Nafty Werla Polltech.
Wroelaw, 1972, 11, 43=53(Pol). The effect was detd. of pres-
sure on the extn, of low-carbonization coal wlth raw and
hydrogenated anthracene oll. 1In the presence of 6.8% B in
the solvent, the free-radical character of the chem. reactlons
and the yield of extd. products were lndependent of the pres-
sure at 30-120 atm, the yield was ~55%, With 5.49 H in the
solvent at higher pressures the kinetic characteristics of the
extn., process changed consliderably and the yleld of extd. pro-
ducts increased (ylelds were 25 at 36 and 39% at 120 atm).

1971

5.67 138405y Conversion of ccal by solvent extraction.
Gorin, Everett (Consoclidation Coal Co.) U.S. 3,748,254 (C1.
208-8, C 10g), 24 Jul 1973, Appl. 205,788, 08 Dec 1971; 6 pp.
High-S ecoal is ccnverted by solvent extn. at an elevated temp.
to a mixt, of ext., solvent, and undissolved carbonaceous
residue. The mixt. is sepd. into a low- and high-solids frac=-
tion. The low~s0lids product 1s useful as a fuel or as an
intermediate in the production of low=8 liq. fuels by hydro-
genation. The compn. of the hlgh-sollds product 1s adjusted
to provide a fluid compn. such that the relatlve proportions
of solilds, solvent, and ext., willl give a pelletlzable pro-
duct conslsting essentlally of solids and a lilq. binder con-
sisting of the solvent and the ext. Pellets are preferably
formed in a rotary drum and hardened either concurrently with
or immedlately after formatlon. The hardened pellets can be
used as solid fuel or as an intermediate in the prodn. of
gaseous and llg, fuels by C-steam reactions.

5.68 21488m Inteprated coal liquefactlion and hydro-
treatIng process. Correa, Juan Jcse? Hochman, Jack Martin
(Esso Research and Enrineering Co.) S. African 72 00,812
(Cl, C Olg), 0B Sep 1972, US Appl. 116,373, 18 Feb 1971; 24
PDoe Coal liquefaction and ccal liq. hydrotreatling zones are
operated at essentlally equiv. temps. and pressures. One
portion of the liq. product from the liauefactlon reactor 1s
heated by means of the vapor product from the liquefactlon
reactor for feed to a hydrotreating zone. The cther portion
of the 1lig. product is fed the hydrotreating zone for guench-
ing.
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1966

5,69 Frocessinr of coal tar by hydrocrackineg at low
nressure, Ya, R, Katsobashvili and k. I. El'bers. Koks 1
Khim, 1966(1), 43-7 (Russ); c¢f. CA 63, 6350f. Methods of
coal tar nroce% ing and »nrevious work by the author are re-
viewed. MNew exntl, data on hvdrocrackin~ at 500-50° and 50
atm., with an A1-Co=Mo catalvst and CgHe as diluent are tabu-
lated and discussed, A& tech. scheme of a correspondine
plant for comprlex tar nrocessinge is given, Yields of the
com. nroducts b the present and rronosed methods are tabu-
lated. The total vields of com. products were 36.9 and
33.8% resp, and the yvield of aromatic hydrocarbons was
increased,

5.70 Coal uses off the beaten path, J. ¥. Cudrore
(Australlan Coal Ind. I'es. Labs. Ltd,, Chatswood). Australian
Chem, Process Eng. 19(3), 16-22 (19€6) (FEnr), Two potentlal
new uses for fustralian coals are described? the production
0° a nitrorenous fertilizer and a de-ashed coal by solvent
extn. At tne Central Fueli Research Institute of India (CFRT),
Neenriched coal is prepd. in a 7=in. fluidized-bed reactor
system by reaction of nowd., coal In a fluidized bed with a
stream of an alr/NHs mixt. at 300° for a few hrs. £ process
for de-ashine of coal by solvent extn. has been developed by
the Spencer Chemical Division, Gulf 011 Corporation, U.R.A.
Coal and a hiph-temp. “cut? of anthracene oll are mixed to-
rether in slurry tanks at ratios of solvent to ccal varying
from 2:1 to 471, H 1s added to the slurry just before pre-
heaters, which heat the mixt. to maintain a temp. of about
460° Iin the dissolver tubs for given times and pressures.
After treatment, the pressure 1s released, the H larerelv re-
covered, and the ¢coal soln, filtered through a rotary nreége
sure orecoat filter. The dissoclved materlal from the filter
1s vacuum flash evapd., the solvent removed for recycle,
and the product (liguid at this stage) pumped onto a water=-
cooled continuous steel belt, where i1t solidifies, Scolvent
is nréduced in the reaction., The mechanism of solvent extn,
was considered to be based on initilal thermal depolymeriza-
‘tion of the large coal mol. The ¥ acts as a terminator of
free radicals, which cause repolymerization and make flltra-
tion difficult in case of delays. The low-ash coal resembles
a hard coal tar piten. 1In one case, ash content weas reduced °
from 7.13 to 0,48%, with another coal from 4.20 to 0.17%.
Witih the redn, 1in ash there is a sienificant increase 1in the
heatine value of the product Possibilities for 1its use as
a ras-turbine fuel, blendinnm wjtn dlesel o0ll for railroad fuels,
and C electrodes for Al refininz are reviewed,
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1965

5.71 Chemical structure and oropertles of coal. XXVIII.
Coal constitution and solvent extraction. D. W. van Krevelen.
Fuel 4U4(4), 229=42 (1965) (Enp); cf. CA SU, 23260g. Two im-
portant questions with regard to the solubllity of coal in
org. solvents are: (a2) Why does the potentially sol, fraction
of coal decrease wilith increasing cocalification,; approaching
0 at a 92% C content? (b) Why has every solvent its ooti-
mum exteg. effect at a specific ceoalification degree? The first
question 1s answered by Flory's theory of trifunctional step-
wise polycondensation. In accordance wlth exptl. facts, this
theory predicts that exts. of cross-iinked pnolvcondensation
products always contaln a considerable fractlon of low=-mol,-
wt. materlal. The magnitude of the structural units iIn ccal
can be derived from extn. measurements. The 2nd question is
answered by calcg. the so=called soly. parameter of coal.
The extn. max. for pyridine must lie at a C content of about

88.5%.

5.72 Pressure hydrorcenation of tar distillates, 0ld-
rich SvaJrl. Sb, Pracl Vyskumu Chem. Vyuziti Uhli, Dchtu Popy
5, 89-106 (196%5) (Czech). Conditlons for the selective hydro-
genation of N bases in brown coal tar distlllates were inves=-
tigated for the purpose of minimizing the loss of arecmatlc hy-
drocarbons through hyvdrogenation, At 320 atm., the selecti-
vity of the hydrogenation can be improved 3-4 fold by raising
the temp. to 420° from 360°, and simultaneously increasing
the charge rate, Another effective step for decreasing the
hydrogenation of aromatic hydrocarbons from 70-80% tc 10-20%
is to replace the W-MN1 catalyst with a Mo~N1 or esp. a VMo-Co
catalyst on alumina. Reducing the concn, of W in the WwNi
catalyst to 10% results in lower hydrogenation of aromaties
while eliminating N bases to <5 mg. NHs/l. The selectivity
of the process rises rapldly with a lowering of the hydro-
penation pressure. Only with the W=Ni catalyst at U420° and
100 atm. is 1t posslible to reduce the content of N bases in
the tar distillate to acceptable limits. The phenols b,
£320° 1n the tar distillate are hydrogenated to cyclic alco-
hols, instead of aromatic hydrecarbons, and ultimately ‘to
monoecyeclle naphthenes. The duration of the worklinp cvcle of
the catalyvst under these condlitions 1s ~1000 hrs, at a charge
rate of 0.7 kg. feedstock/l. catalyst/hr., and the resulting
fraction, b. >150°, 1s hydrocracked with aifficulty and has a
low cetane no. The dlln. of tar distillates with motor fuel
from a petroleum crude permits the blend to be hvdropenated
at 100 atm. and up to 400° at a charge rate of 1.25 ke./1.
catalyst/hr. This ylelds a high-quality grade of aromatlc
gasolline wlth a high conen. of low=bolline aromatic hydro-
carbons and a paraffinlc mctor fuel of cetane no. 45 and

-153=-



0,02=0,0% 5, Tt 45 necessarv, however, to avnld carefully
mixts, whieh ppt. inzsol, resins. Tuch re=ins result Trom the
nptn, of nyrocatechols from the tar and of paraffin wax from
the petroleum crude, which a2re insol. in the mixt,, and may
be described as asrhalftlic material derived from tar. The
resins are formed 24-28 hrs, after mixing in the ratlo of 1
nart tar distillate to 2 parts retroleum crude dlstillate.

If the tar distillate is freed of pyrocatechols by hvdro-
menation, resins do not ppt. even after 1 month standine.
Under the hydrorenation conditions, the blended petroleum
motor fuel 1s desulfurized to 95%, which is 15% better than
required when 1t is refined in the unblended state. Since
the reaction temp., pressure and charge rate are limited by
the hyvdrormenation of the N bases, it 1s nossible to add to
the apvropriate product a certaliln amt, c¢f non-hydrosenated
petroleum motor Ffuel. This compensates in part for the ul-
timately hirsher consumrntion of H in cverhvdrorenation of the
motor fuel in the blended feedstock, and 1n vart for the re-
quirement of a larrer reaction chamber. The test app. pro-
vided a reaction aspace of 200 ml. nacked with catalyst of 1=2
mm., rraln size. The feedstock was snraved into the stream of
hydropenation cas (70-50% H, balance predominantlv N and CH.)
and was 1ndirectly heated elec. in the unper vart of the reac-
tor, which was packed with stainless-steel rods, The ratio of
cas to feedstock was 2000:1 for the tar distillate and 500:1
for the blended feedstock. The catalyst at the start of the
exnts., was held 24 hrs. in a stream of hydrogenating gas '
contg, 1-2 g. H:S5/m.? to convert the oxides of the active
metals to sulfldes.

5.73 Hwdrocracking of low-temperature tars. Marian
nutkowski (Politech. Wroclaw, Poland). Zessvly Nauk, Politech,
wroclaw., Chem. Ho. 12, 3-28(1965) (Pol), Raw materlals, avp.,
and procedure are described for nerliocdic hyvdrocrackineg of
low=tenp, tars from bituminous coal at 430-500° and 70-225 atm.,
The raw materials were heavy oll from the low-tenmp. process
and 1ts 49:43:8 mixt, with the medium c¢ll and easoline. The
heavy oll had d.e 1.097, viscosity at 100° 4,0° Engler, and
ignition temp. 185°, and contained ash 0,12, total S 0,74,
coke 10.1, asphalts and resins 29.5, matter insol. in CeHe
1.11, and H.0 0,4%. It distd. as follows: beginning at 208°,
10% at 215°, 20% at 331°, U0% at 352°, and 65% (end of distn.)
at 366°, Increase of temp. of hydrocracking lncreased the yleld
of zasoline, coke, and gaseous products, decreased the vield of
resldues remalning after distn. to 325° and the amt, of as-
rhalts and resin pptd, from this residue by rasoline. ¢&n In-
crease in pressure decreased the vield of coke and gaseous Dro-
ducts and increased the derree of cracking and hydroeenation
of asphalts and resinous products., An increased ratio of H to
raw material inhibilted the cokinr process and lncreased the
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yield of gasoline and gaseous products. Expts. wlth and without
several tyves of contact catalysts showed that, In the absence
of catalysts, unstable, easily nolymerizing products were
formed., TFe oxides increased the activity of some catalysts
employed. Among diluents such as Tetralin (I), cyclohexane
(II), crude and pure CsHe, and synthetic and low-temp. gzaso=-
lines, I and II had the greatest influence on decrease of

coke yield.

5. 74 Vapor-phase hydrogenation of oils derived from
coal and oll shale. C. O. Hawk, M., D. Schleslinprer, H. H. :
Ginsberg, and R. W, Hiteshue (U. &, Bur. of !Mines, Pittsburgh,
Pa.): U, S., Bur. Mines, Rept. Invest. No, 06548(1), 53 pp.
{(1965) (Eng). E&ingle~step, catalytlec, vapor-phase hydrorpena=-
tion of olls derived from coal and o1l shale was studled.
Treatment of middle o1l from hydrogenation of bituminous coal
gave good vlelds of pasoline with a German Mo=-Zn-Cr catalyst.
Good results were also cbtained with duplicates of this cata-
lyst made from domestic raw materlals. In 1 set of expnts.
with the German catalyst, 38-52 wt.,%? of the feed was converted
to gasoline, The total liquid product was 91-8 wt, % of the
feed., Not all this gascline can be clalimed as production be=-
cause ~20%. of the feed was 1in the gasoline range and part of
it undoubtedly survived the hydroccracking treatment. Fydro-
genation of crude shale oll in the presence of a Co molybdate
catalyst produced a2 total liquid product of 89 wt. % of feed.
The hydrogenation converted 27 wt., % of the feed to gasoline
and 44 wt, % to diesel fuel. The remaining liquid orocduct,

18 wt, % of feed, was residue boiling above diesel fuel. The
gasoline was of poor cuality, octane no. 39,1. The overall
prcduct seemed to be a sultable feed stock for conventional
refining. Coker distillate hydrogenatlon by usine a Co molvb-
date catalyst mave a total liauid product of 97 vol. % of feed,
of this oroduct, 60 vol., % was jet fuel and 4C vol. % was die-
sel fuel, High N and S in all 3 of these raw materials se-
verely poison the usual reflning catalysts. The common ob-
jective 1n these studiles was use of volson-resistant catalysts
in order to reduce N and & to tolerable levels. Co molybdate
wvas an esp. effectlve catalyst for & removal,

5.75 Reaction kinetics of coal hydrogenation under hirh
pressure., Tadao Ishii, Yousuke “aekawa, and Gen Takeda (Univ.
Hokkaido, Sapporo, Japan). Kagaku Kogaku 29(12), 288-95
(1965) (Jaran). Previous kinetlc data show that asphaltene
is an intermediate product in the overall hyvdropenatlon of
coal into distillable oll, However, very little kinetlc data
on hydrogenatlon of Japanese coal and asphaltene have been ‘
published. To obtaln numerical values of reaction rate cover-
ing a wide ranpe of reacticn conditions that might possibly
occur in the reactor and to re-examine the reaction mechanism,
a bateh autoclave study was made on the kinetiecs of the
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hvdrorenation of 2 Jananese coals and 1 Japanese asrhaltene,
The coal hvdrorenation consists of 2 steps., The rate of re-
action in the 1st step is hiph and that in the 2nd step is
mueh slower, DBoth stens can be expressed as a lst-order
reacticn with resrect to the coal remaininre, The hydrogena=-
tion reaction of asphaltene consists of 1 step, wihich mav be
expressed as a lst-nrder reactlon. The reaction of Hokkaildo
brown coal 1s rerresented schematlically.

1964

5,76 The Houdry Litol Process. Alexander K, Loswinuk,
Lee Friedman, and Aluwin H. Veiss (Houdry Process. and Chen,
Co., Philadelrhia, Pa.). ILrdoel Kohle 17(7), 532=-7 (1964)
{Enr). A process Is described which allows the production
of hirh-quality aromatics (CeHs, PhMe, xylene) from coke-
oven lipht olls. The nroducts are competitive with petro-
leum~derived aromatics. The feed is vaporized, mixed with H,
passed throush a nreliminary catalyst bed to sat. styrenes,
heated, and passed throush the main catalyst bed. There the
followine reacticns occur: (1) hydrogenatlon of & compds.,
primarily thiophene, to satd. hrvdrocarbons and HaS; (2)
catalvtic hydrocracking of satd. hvdrocarbens to lower-mol.
wt. satd, hydrocarbono which can be sepd. by fracticnation;
(3) dehyvdrogenation of cyclic olefins to aromatics; (U4) hvdro—
genation of olefins to paraffins, Side reactlons are mini-
mized, Catalyst modification or adjustment of operatineg con-
ditions nermit a hvdrodealkvlation of CeHs homologs 1f desired.,
Cellu of the following specifications can be produced! f.n.
> 5.4°; thiophene content <0.5 p.p.m.} acid wash color <o+,

1963

5,77 Destructive and nondestructive hvdrogsenation of
tars. FBadische Anilin- and Soda-Fabrik A.-G. (by Hanns C.
wW+lle), Fr, 1,401,376 (Cl. C 10¢), June 4, 1965, Ger, Appl,
April 20, 1963, 3 pp. To impart a lonp catalyst l1life, fresh
H nmust be used for destructive hydrogenation, For economical
working, this recycle H is used, without decompression, for
nondeqtructive hydrorenation, eunnlemented if necessary, bv
fresh H, Thus, a mixt., of lignite tar (40” b.p. 325°), 460
m.%/hr, refined tar, and 20,000 m.?H/hr, at 300 atm. was heat
exchanged wilith outflo”ina material to 20C°, then pgas heated to
300°, and passed throush a bed of 25% Co molybdate and 3% NiS
cr an active Al20s catalyst, the temp. risine to 325°. After
coolling by heat exchange with the Iinflowing mixt. and a con-
denser, the gas was recycled and the liquid distd. at atm.
pressure to rlve a liguid b. 360° and a resldue. The liguid
was deparaffinated with licuid C;He and EtOAc, then vacuum
distd, to give a lisrht or spindle oll and a lubricatinv oll.
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The latter oll was mixed with 480 m., /hr. fresh K and 10,000
m.?/hr, recycle H heated as before by heat exchanre and ras

to 330°, and vassed through 3% W-Ni-f on active Al.0s, cooled
by heat exchange and gas in excess of > 10,000 m.3*ras/hr., and
460 m.3%/hr., refined tar was recycled to the 1lst stape.

5.78 Catalytlec hydrogenation of coal-tar components by
molybdenum sulfide. Shinji Shono and Midorl Yamada (Nippon
Univ., Tokyo). Xoru Taru 15(9), 405-10 (1963). The authors’
recent studles in catalytic hydrcgenatlion of hydrocarbons
(Ce¢He, Phile, o-xylene, nseudocumene, PhEt, cyclonexane, metayl-
cyclohexane, m-dlimethylecyclohexane, biphenyl, naphthalene,
acenaphthene, anthracene, cyclchexene, and phenanthrene), O
compds., (phenol, o-, m=, and p=-cresol, 3,5=xvlenol, a-naphthel,
and B-naphthol), N compds. (pyridine, 2,£-lutidine, nuinoline,
cartazole, piperidine, aniline, a-naphthylamine, benzonitrile,
and a~naphthonitrile), 5 compds. (benzothiophene, thiophenol,
thiophene, and thionaphthene), and anthracene oils {(anthracene
cake, anthracene oil, anthracene light o¢ll, and anthracene oil
freed from crystals) are reviewed. 41 references,

5.79 Hydrogenation of coal extracts. Fverett Gorin
(Consolidation Coal Co.). U.S. 3,117,921 (Cl. 208-8), Jan 14,
1964, Appl. Jan 21, 19€3; 4 pp. Coal extd. as in U. S,
3,081,241 (cA 58, 12180d) is prehydrogenated at 425-470°, 500-
2500 1lb./sq, in. and 10-30 min, residence time to rnartilally
convert the ext. to a distillate bollinm« 325°, The H trans-
fer may be from hydrogenated product oil; free H may be addecd
to ald the hydrogenation., The c¢peration may be noncatazlyvtlce
or in the presence of 0.05-1.0% by wt, of a H halide or its
ammonium salts, e,g, NH4Cl, NHu4Br, or NH4I; red mud may also
be used. The hydropenated olliext. ratic i1s 1=341, rrefer-
.ably mixed with solvent. The <€325° material i1s catalvtically
hydrogenated at 2000-3500 1lb./so, in, and 410-55° in the
presence of W or Mo oxides or sulfides impregnated on a re-
fractory support. The >325° material 1s carbonized at 425~
760° to yield a liquid distillate; the lower-boiling portion
1s subsequently hydrogenated,

1962

5.80 Ligulid fuels from coal, FEverett Gorin (Consoli-
dation Coal Co.). U.S. 3,162,594 (Cl. 208-57), Dec 22, 1964,
Appl. April 9, 19623 7 pp. A process is described for mini-
mlzing the deleterious effect of ash having a diam, 0.01 p
on a hydrocracklng catalyst during the production of distlllaple
liquid hydrocarbons from an ash-contg. coal ext, (I). Thus,
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I, obtained by solvent extn. of a Pittsburgh seam coal at

3é0° with Tetralin as solvent, was passed to the hydrosenation
zone mixed with crushed, deactivated hydrocracking catalyst
(II) that had been previously used for hydrocracking a simi-
jar ext. I contained 0.18% ash and 38% CeHs-insol. matter.
About 50% of the ash was insol. in I and had a particle dlam.
30,01 u. The remailning ash was sol. in I and had a particle
diam., «<0.01' u, II, when orlginally passed to the hydro-
cracking zone, was an Al:0Os-base catalyst contg. 13% by wt,
MoOs and 3% by wt. CoO., The catalyst was used until no fur-
ther absorption of ash occurred (the catalyst had adsorbed
10.5% by wt. ash) and then was regenerated with air to re-
move C, The regenerated catalyst was crushed to a particle
diam. of 0-200 u, The conditions in the hydrogenation zone
were 440°, 3500 psig., H feed rate 15 ft.>/1b. I, reslidence
time 1 hr., and a catalyst:I feed ratlo of 0.046, The vields
were Ci=s 5.6, butanes 1.5, Cs distillate oil (b, <400°) 35.4,
and nondistillable liquid hydrogenation product (b. >400°)
54.2% by wt. of I feed. The H consumed was 4.,0% by wt. of I
feed. - '

5.81  Hydrogenation of pitch from low-temperature car-
bonizatlon of coal. Richard D. Graves, Walter Kawa, and
Raymond W. Hiteshue (U.S. Bur. of Mines, Fittsbureh Pa.).
U.S. Bur. Mines, Rept. Invest., No. 6124, 15 pp. (1932). The
pitch was hydrogenated at cracking condlitions in a contlnu~-
ous bench-scale unit to det. whether good vields of low-
boiling liquid nhydrocarbons and tar aclds could be obtained,
The pitch contained 15.6% CeHe-1insol, material, 4% hexane-sol.
0il, and 80.4% asphaltenes by wt. At 475°, 7500 1lb./sq. 1n.,
and 1.5 hrs. residence time, hydrogenation products, based on
the wt. of pitch, were about 36% oil boiling <325°, 24% hexane-
sol, heavy oil, 17% asphaltenes, 1% CeHe-1nsol, materlal, and
12% hydrocarbon gases, The yield of tar acids bolling £250°
was 4.3%, and the yields of Ce-» paraffins, naphthenes, and
aromatics were each <1.0%. The yield of tar acids was within
the range of yields obtalined by hvdrogenation or hirh-temp.
carbonization of bituminous coal (2-5 wt. %). There was little
or no effect of residence time on yilelds of alkali-sol., ma-
terial which contained tar acids. Yields of hydrocarbon gases
increased markedly with increase in temp. from 475° to 500°,
 Lowering the H pressure to 2400 lb./sq. in. gage rpave yields
similar to those cbtained at 7500 1b,/sa. 1in. rage,.

5.82 High-enerpgy fuels derived from coal. Maurice
Letort. Chim. Ind. (Paris) 87, 371-87 (19€2). Production of
fuels from coal for jet airplanes is reviewed, including pro-
cesses for obtalning polynaphthenic hydrocarbons by hydrorsena-
tion of coal-tar fractlions with Raney N1 and the use of sulfide
catalysts, e.p. MoSz on activated C, to enable verhydrogena-
tion and controlled hydrocracking to be effected 1n a single
stage. .
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5.83- Deallkylation of tar ofl *n the presence of an
alumina catalyst. Effects of pressure and temperature.
Sumio Matsuda, Sheichl Kikkawa, and Aklra Uchida (0saka Univ,),
Yogvo Karmaku Zassni 65, 568=74 (1962). By continuous hvdro-
dealkvlation of thne methvlnaphthalene fraction, b, 215-60°
and conter. 10,.6% naohthalene (I) and #46.4% methvlnanhthalene
(II), from tar oil on an £1.0s catalyst at €00-50° and 30-50
atm., H, Ce¢Hs, FhlMe, xylene, and I were produced., The ef=
fects of oressure, temo.,, and resldence time were investl-
rated, 2t 30-50 atm., 600-50° and 20-40 sec., were preferred;
while at 50 atm., 650° was preferable, with the effect of re-
sistance time neglirible. Under ovntinmum conditions (50 atr.,
650°, and 33 szec.), liquid vroducts conte, Celg 5.6, Fh'Ye 6.1,
T 38.3, and II 8.6% were obtained in a 70.2%7 vield.

5.84 Two-stace production o chemicals by hvdrorena-~
tion of tars from Cheremithovo cecals. II. A. V. Lozovol, D.
L. Muselevich, T. M, Ravikovieh, T. A, Titova, and V, F,
Cherkasova, Pr. Inst. Goryucn. Iskop., Akad, Nauk SSSR 17,
174=81 (1962); cf. CA 55, 2b22¢fa, Hydroaromatization on a lab.
scale of the rartlally dephenolated distillate of the liculd
hvdrogenate from semicokineg at 75 atm. and 510° in the pre-
sence of a MoOs-AlaCs catalyst at a vol. rate of feed of
0.70=0.75 kg./ar. gave a high derree of conversicn into vari-
ous chem, rrcducts and Ci~4 paraffins., As a result of the 2«
stage hydrogrenation and the previous removal of the Cg~s phenols
and bases, 62-6% aromatic hydrocarbons, naphthalene, sclvents,
vhenols, ete.$ 33-7% caseous varaffins, and 5.7-6.0% tars were
obtained.

1861

5.85 Liquid fuels from coal. Lverett Gorin (Connoli-
dation Coal Co.). U.S, 3,143,489 (C1l, 208-8), Aus 4, 1064,
Appl, Nov 24, 19€1j 9 pn. Coal 1s converted to synthetic
liguid fuels which boll «200° through a series of sequentlal,
partial converslon stevs desirned to Increase the FE content
or t¢ decrease tne C content of the ccal, The process com-
nrises (1) coal extn. through a hydrocarbonaceous solvent,
sueh as Decalin, biochenyl, nhenol, cresol, or xylenej (2)
senn., with simultaneous hydrorenatlon of the ext. (60% of
the MAF (molsture and ash-free) ccal 1s economic optimum)
from undissolved coal residue; (3) primary catalytiec hvdro-
eracking to convert a majJer nortlion of the nondistillable coal
ext. to an ash=-free, distlllable, hydrocarbonaceous llauid
b. 500°, Mild catalytic hydrorenation minimized ~as and
coke formation; (4) Catalytic hvdrofinine to remove sub-
stantizlly all of the HNOS contaminants from the ash-free,
distillable, nyvdrocarbeonaceous linuid fraction, preferably
b. €400°; and (5) secondary catalvtic hvdrocrackins to lower
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the b.p. ranpe of at least the higher~boiling fraction of the
effluent hvdrofining nroducts. Thus, any coal, llenife, bltu-
minous, and subbituminous, may be treated. Preferably, the
volatile matter should be at least 20%. The solvent-extn. nro-
cess may be continucus, batch, countercurrent or stased., The
temp., can range from 300° to 500°, the pressure from 1 to

6500 1b./in.? rame, the residence time from 1 to 120 min.,

the solventicoal ratio from 0.5%1 to 4.0:1 and, 1if desired,

in the presence of a catalyst and/cr up to 50 standard cu.ft,.
of E/1b. YAF coal. Hydrocracking catalysts comnrise a mixt.

of a Group VIB oxide or sulfide with a Group VTTT metal,
Preferably, the catalyst hydrocrackins zone is a composite of
£120s, an oxide of Mo, and at least one oxide from the rroun

of Fe and Co. Hydrofinine catalysts comprise any of the

oxides or sulfides of the transition metals and esn. an oxide
or sulfide of a Group VIII metal mixed with an oxide or sul=-
fide or a Group VIB metal (preferablv !o or WY, Sfuch cata-
lysts may be used in the undild. form but rnormally are sun-
ported on an adsorbant carrier, such as Alz0;, Ri0z, 2Zr0,

T10., and naturally-occurrine, porous supports, such as bauxite
or bentonite, Preferably the carrier should display relatively
1ittle crackineg activity, and thus hirhly acldic carriers are
renerally to be avolded. The undilssolved coal residue 1s

sepd. from the coal ext. throurh flltration, centrifurinr,
sedimentation, and hydrocloninpg. Furthermore, the CeHe=1insol.
rich coal ext. is sepd, from the whole ext. in this steb,

The remainder of the unconverted coal ext, is recovered from
the primary catalytic hydrocrackine zone and thereafter coked
to yield a ligquild distillate and coke. '

5.86 Composition of the product from medium-pressure
hydrocgenation of a coal-tar distillate, R, Vaidyeswaran, <.
H. Zaneer (Regional Research Lab., Hyderabad), and H. Pichler,
Chem. Age India 12, 105-10 (1961). The refinins, hvdrogena-
Tion. of 2 low-temp, coal-tar distillate, with a fixed bed of
a desulfurizing catalyst (Co oxide~"o oxide sunported on Al.0s)
are consldered.

5.87 Composition of commercial lioculd-rhase hvdrorena-
tion mixtures. VIII. Composition of the highly condensed
aromatic hydrocarbons, R, I, Sidorov, A. A, Khvostlkova,

A, 8. dakhmanovich, and N, I. Shergina. Trudy Yost.=S1lbir.
Filiala, Akad. Jlauk SSS%, Ser. Khim. 1961, No. 33, G5-102;

cf CR 5b, 11084e; 57, #930f. From liquid-nhase hvdrorenates
of medium-temn. tars from Cheremkhovo coal, 2€ ke, of neutral
0il was produced which, by rectiflcation, ~ave a 5-ke. frac-
tion, b. 360-420°, This fraction was chromatographed on s11i-
ca pel to obtain a 2.5-ke, hvdrocarbon concentrate of n’np°
1.63-1.66. Fractional distn. throush a 1lab. column of 20
tneoretical plates at a 10:1 reflux ratio nroduced scme 50
fpractions which were analyzed quant. as toc chem. “types” (2~ =
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2 aromatic fused rings, 2A1N = 2 aromatic fused rings and 1
naphthenie fused ring) present in each. It was established by
the n-d=M method (loc. clt.) that the predominant type of
hydrocarbon 1n the concentrate was Z2A1N (tetrahydroanthracenes,
phenanthrenes,; and acenaphthenes) followed in order by types
4pa (pyrenes), 3A, 2A, and 2A2N. 3By ultraviolet spectral com-
parisons, it was shown that the ratio of the amts. of phenan-
threne and 1ts homologs to anthracene and its homologs was
4,4:1, Ten pure 4A compds. were isclated by repeated distns.
and recystns. of the several fractions b. »380° and identified
as the following pyrenes: (substltuents, m.p. of the compd.,
m.p. of its plcrate)? H, 152°, 230°; 4-Me, 146°, 200°; 1i-Me,
110-15°, 199°3 1-Et, 135-8°, 1G8°: 4 0-di-Me, 235°, 230°; and
the following unidentified pyrenes, m,p. 117°, 196°; 125°,
202,53 128°, 204°; 122°, and 208°, Chrysene was isolated
from the highest bolling fractions.

5,88 Composition of commercial liquid-phase hydrogena-
tion mixftures. IX, Composition of the aromatic hyvdrocarbons
in liquid-phase hydrogenates of medlum-temperature tars from
Cheremkhevo coal, R, I. Slidorov. Ibid. 103-=11l. From pre-
vious data and from addnl. studles, calcns. were made of the
“type” compn. of the title hydrocarbons by using the n-d-M
method on the wide~range concentrates as well as on thelr nar-
row=range fractions after distn. Use of the n-d-l method be- -
fore distn. gave more accurate results, chlefly by avoidance
of distn. lossesj 1lts use after distn. afforded a detn. of
minor constituents. The fractions b. 50=170° contained only
benzene and 1ts homologs. Indams appeared in the range 170-
202° and Tetraline at 202-60°, Naphthalene homologs were
present in minor amts. above 280°, Above 280°, the 2A1N type
appeared. The fraction b. 320-400° was sepd. into 3 concen-
trates by chromatography on silica gel which were then frac-
tionally distd. Type 1lAlN appeared largely in the first
(lowest silica gel affinity) concentrate fractions b, to 385°;
type 1A2N b. to 385°: above this point type 2A2N appeared.
Type 2A cccurred only in small amts. in the 2nd and 3r»d con~
centrates. Type 2A1N was predominant in all 3 concentrates
{49% in the 1lst). Most of type 324 appeared in the 2nd con-
centrate and of type 3A1N in the 3rd, Type 4A was found 1in
the crystn. ppts. of the high=bolllng fracticns and was con=
firmed by ultraviolet spectra. Above 400°, 3A1N was the pre-
dominant type but 3A, 4A, and Y4A1N and 4A2N were present in
mincr amts. Types were also estd. in 3 new hydrogenates--two
from coal tar and one from coal=-and the results were 1in good
agreement with the above.
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5,89 Neduction of polvhydric phencls with carbon. T.
A, Antonova and V., k. Rakovskil, Tr, Kalininsk, Torf., Inst.
1960, lo. 11, 29-39, A description Is rlven of the partial
redn. of polvhydric ohenols (e.r. catechol) with activated
coal at 440-60° to vphenol with a vield of 38%, Fe distributed
over the surface of the coal had a ncs, effect on the process.
An increase in the Fe content to 4.7% resulted in the conden-
sation of catechol to cokelike products. The addn. of steam
‘nhibits the condensation.

5.90  Gasoline feedstock from bituminous coal., FEverett
fnorin {Consclidation Coal Co,)., U.S, 3,018,241, 23 Jan 1962,
Appl. 10 Oct 1960, Partial conversion of coal to Herich 11-
nuids, sultable for rasoline feedstock, is made more selectlve
bv soln. under noncokins conditlons by addine E from H-trans-
rerrinr solvents, b. 260-425°, such as Tetralin, Decalin, bl-
phenvl, methyl- and dimethvlnaphthalene, or mixts. . from the
crocess to dlssolve 60% of the molsture- and ash-free (V2F)
coal and ¢ 30% where the 11 cost is prchibitive., Carbonization
of the sepd. resldue rives addnl. condensate besldes the ext.
for catalytic hydrorenation to a rasoline feedstock, b. <360°.
Thus, from 100 1b, of WMAF Pittsbhurech “eam coking bitumlnous
coal extd. at 348° with Decalin, 23.0 1b, of ext. and 74.9 1b.
of residue were obtained. Carbonization at 510° vielded 58.5
1b, char and 12.€ 1b, tar, and hydrosenation at 440°, and
3500 1b./sn. in. over 15% MnOs, 3% CoC, 82% £1l.0s cave 25.8
1b. of 360° erasoline feedstock consuming 1,46 1b. E, U.S,
3,018,242, Eigh-volatile bituminous coal ( >20% by wt, vola-
tile compd.) s converted to a F-enriched liquid and a char
by a serlés of steps: Solvent extn. with a BE-transferrine
solvent to ext. 50-70% hvy wt. of the MAF coal; sepn., of ext,
and residuej carbonization of the latter at 425-760° to 2
char and a condensate that 1s fractionated to 2 <325° raso-
line feedstocl and a >325° fraction for catalvtic hvdrorena-
tion to a feedstock; and tooning of the ext. into the same
fractions. Thus, a Pittsburrh Seam coal was extd. at 380°
and 70 1b./3a0. in. with a 260-425° recycle fraction (1:1) for
1 hr, to give a 57.8% by wt, ext. and 34,97 residue yvleld on
the MAT coal, Fluidized carbonization of the residue at 510°
and 20 min. residence time ylelded 78.0% by wt. char and 16.8%
tar nlus lirht oll, based on the VMAF resldue. Catalytic hy=-
drosenation of ext., tar, and lisht oil, b, >325°, at A4l41°,
and 3500 1b./sq. in. over oS, yielded C,-C3; 12.5, Cu4 5.2, 2nd
Cs 325° distillate (80.6% by wt,, based on fresh feed),

5.91 Catalyvtic hydrosenation of carbtonized coal gzases,
Richard C. Perry and Charles V. Albrieht (Unlon Carbide Corn.).
.o, 3,231,486 (Cl. 208-8), 25 Jan 1966, Aprl. 16 Dec 19604 5
pp. Gases produced by low=temp. coal carbonization are
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stabilized to form low~mol.-wf., tar oroducts. Thus, partlicu-
late carbonacecus material, e.r. coal, was mixed with H pre-
heated to 400° at 400 psi. and passed to a carbonization zone
where the material was heated to 500-50°, The resulting char
was removed from the carbonlzation zone and the erases from the
carbonization were passed over a catalyst conteg. N1 0.5, Co
1.0, and Mc 8.3 parts by wt. on an Al;0s support at 425° and
400 psi. The vapors were then condensed, Uncondensed gases
were mixed with fresh H and recycled to the carbonizatien
zone,

1958

5.92 Recovery of quinoline from coal-hydrogenation
products. Donald J. Foster and Denvil E, Reed (Union Car-
bide Corp.). U.S. 2,999,794. Appl. 24 Sept 1958, Oulnoline
(I) is recovered by azeotroplec distn. from a mixt, of aromatic
N-contg. compds. (IX) obtained by liquid-phase hydrogenation
of coal, Thus, to II (b.p.~235-41°) 500 g, in a 2-1. still
pot, equlpped with a 2-ft. packed column, kerosene (b.p.~223-
30°) 500 g. was added with stirring. The mixt., was distd. to
give a preoduct (bze 110-15°) contr. about 32% by wt, aromatic
N bases and 68% kerosene, On cooling to approx. 5°, two layers
sepd. Fractlonal distn., of the cuinoline-rich, bottom layer
ga?e I 117g.; b, 237°, overall yield~86%. Examples also de-
scribe the use of 1:2 wt, ratios of II to kerosene.

§ 5.93 Hydrogenating refining of tars, tar olls, and coal-
hydrogenation products. Paul Lehmann, Hermann Blume, and
Emanuel Pindur. Ger. (East) 20,413 (Cl, 120). Appl. 11 May
1958. The title products are hydrogenated at >330° and £200
atm., in the presence of a sulflide of Mo, W, and N1 on an ac-
tive Al20s carrier with a Mo:W:Ni ratio between 1:3:2 or 1:6:4,
- The catalyst permits hydrogenation at lower temps. Thus, 10
ke. active Al.0s pellets was impregnated with 570 g. MoGOs in
10% NH4OH, dried, heated at 400° for 4 hrs., and Iimprergnated
3 times with 12.51.20% NH.OH conte. 2720 ¢, WCs and 2240 =.
N1iSO4=THa20. Then the pellets were drled, heated again at
450° for 8 hrs. in a stream of H and Ha2S, ground, mixed with
1% graphite, and pelletized to give a catalyst contg. MoS:
4,4, WS 20.3, Nis 5.0%, Ala.Os, and H.0. Tar contg, 2100
mg./l. NHs and 15-17% phencl was hydrocenated at 356°, 200
atm.,, and a rate of 0,38 vol. tar/vol, catalyst/hr. to sive
a product contg. 5 mg./l. NHs and 0.04% phenol. The aniline
point was 62.7°, and the color value 0.5,

-163-



