3. Model Compounds

A. Hydrocarbon Ring Structures

1973

3.1 138597s  Spin excitaticns of bitumens. Yen, T.
F.; Young, D. K. (Dep. Med., Univ, South.California, Los
Angeles, Calif.). Carbon 1973, 11(1), 33-41l (Eng). Bitumen
free radicals are located within the planar polynuclear aro-
matic ring systems of biltuminous crystallites in such a2 man-
ner 2s to optimize their stabilization by the resonance of de-
- localized n-electrons. The states of spin multiplieity of
these substances are shown by the transitions during thermal
excitation, Exptl. ESR intensity-temp. dependence data from
several asphaltic bitumens, a model compd. (phthalocyanine),
and a few charge-transfer complexes were collected, Curves
contg. both exponential (singlet-triplet) and Curie-Weiss
(doublet) components were then calcd. and found to be con=-
sistent with published results. This spin correlation indl-
cates that both single-triplet transitions and double states
exist within the bituminous arom. sheets. This and other
forms of thermal excitatlon, e.g. the Russell effect; are at-
tributed to the propagation of Wannier excitons. The predo-
minance of doublet concns, in high-V samples, e.g., Mara as-
phaltene, indlcates that spins are localized by nuclei-spln
interactions, . .

3.2 94542] Determination of the reaction kinetics
parameters of coal oxidation. Lenart, L.; Abel, O. (Inst,
Chem. Technol. Brennstofftech,, Tech. Univ. Clausthal, Claus-
thal, Ger.). J. Therm. Anal, 1973, 5(2), 341-51 (Ger). The
processes during the dry oxidn. of coal by gaseous O below
150° are discussed in terms of a connectlon between reaction
and transport kinetics. A general model 1s proposed that in-
cludes the previously developed models which cover only dls-
crete phases of the whole oxlédn. range. The model therefore
1s utilizable for the whole range of coal oxidn. at low temps.
It can be used to approx. the O=-Iintake as a function of oxidn.
time with oxidn. temp. or grain slze as parameter. The selec-~
tivity of the oxldn. at different temps formally appears to be
a result of the different activation energles of the coal
oxidn, reaction consts,

3.3 7766u Effects of colloidal structure on physical
.measurements on coals. Evans, David G, (Dep. Chem. Eng. Unilv,.
Melbourne, Parkville, Aust,). Fuel 1973, 52(2), 155-5 (Eng).
Colloidal systems within org. and carbonaceous substances are
precisely defined and the consequences of changes thereby

e



indicated, Distributlon of porosity in a brown coal 1s estd.
This work may explaln the apparent abserice 1n lignites of
capillaries with diam, between 1.2 and 30 nm, in terms of dif=-
ferences in colloidal structure between brown and black coals.

1972

3.4 149591m  Mechanism of high-pressure coal hydro-
genolysis of Talhelyo coal. Maekawa, Yousuke; Ishii, Tadao;
Takeya, Gen {Gov. Ind. Dev, Lab,, Hokkaldo, Japan). 'Nenryo
Kyokal=-Shi 1972, 51(12), 1233-41 (Japan). The structural para-
meters of the sslvent-sol. fractions obtailned by hydrocracking
at 220=-30 kg/ecm® and 400° of Taiheiyo coal were detd. to de-
duce the chem. structure of the orilginal coal and the hydro-
cracking mechanlism, Based on the exptl, results, it was sug-
gested that the Talheiyo coal may contaln some 3-dimensional
bonds.

3.5 18699e  Bakelite as a structural model of coal.
Loewenberg, Peter (Inst. Quim,, Univ. Fed. Rio Grande de Sul,
Porto Alegre, Brazil). Rev, Brasil, Tecnol. 1972, 3(3), 87~
93 (Eng). There are many chem. and phys. analogies between
coal vitrain and PhOH-HCHO resins. Coal appears to be a com-
plex mixt. of PhOH-HCHO type plastics at various stages of con=-
densation and polymn. The d., sp. heat, dlelec. const., n,
fusibility, pyrolysis behavior, lon-exchange properties of
sulfonated samples, oxidative degrdn., release of HCHO 1n acid
hydrolysis, and ir spectra all show close simllarity between
coal and phenolic resins,

3.6 61633z Smaller molecules. Overlooked component
of coal. Vahrman, Mark (Dep. Chem., Unlv. Dar es Salaam, Dar
es Salaam, Tanzania)., Chem, Brit, 1972, 8(1), 16-22 (Eng).
Coal tars come from that portion of the coal having mols. of
mol.wt. <« 1000. They are present in the vitrinite and exinite
group of macerals and in the inertinite group. The mols. of
mol. wt. <« 500 form a much larger proportion of the coal struc=-
ture than previously thought and are the main precursors of tar.

1971

3.7 22600n Fractionation of a benzene extract of
vubarl coal. I. Fractionation of the 265 to 316°-0.3 torr
fraction, I. Imuta, Kazutoshi; Ouchi, Kohij; Kurlhara, KoJi
(Natl. Res., Inst. Pollut. Resocur., Japan}. Nenryo Kyokail=-Shi
1971, 50(12), 880-6 (Japan). The title fractlion of the petro-
leum ether-sol, ext. was fractionated by 1llq. chromatog. on
an Al»02 column. 1,2,3,5=Tetrahydro-2,2,9-trimethylpicene (1),
monometgylpicene (presumably 2-methylpicene), 2,9-dimethyl-
picene, and trimethylpicene were found in crystals sepd. from
the 2nd to 9th fractions.
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1969

3.8 41084  Molecular structure of coal. Oelert,
Henning H. (Tech, Univ. Clausthal, Clausthal=Zellerfeld, Ger).
Brennst.=Chem., 1969, 50(6),178-82 (Ger.). The CHClz-sol.
part of pyridine exts. from 3 Ruhr coal samples (23.5=34.5%
volatile matter) was sepd. by gel chromatog., on a Sephadex
LH=20 eclumn (1100 x 18 mm.). Detn. of mol. wts. gave dis=-
tribution curves with max. in the 350-500 range. N.M.,R. and
ir data supported the view that coals with > 28% volatiles are
made up of smaller aromatic structural units, whereas in older
coals, perl-condensed systems predominate.

3.9 116952m Controlled degradation of coal and its
derivatives by hydrogenation, Comparatlve study of model
compounds. Develotte, J.; Mazza, M.; Payen, P. (Centre Etudes
Rech., Charbonnages de France, Fr.)., Bull. Soc. Chim. Fr.
1969, (1), 341-8 (Fr). Varlous types of coal (exinites and
vitrinites) and plteh together with model substances were
hydrogenated in a2 glass app. by using MoS; as catalyst from
340 to 430° at 0.1-10 torr., Analyses of the products of hy-
drogenation of coal, pitch, and model substances are compared,
Dibenzoylaminodianthrimide, 1, 1'-Bl-2-naphthol, dodecylpyrene,
dimethoxydibenzanthrone, pyranthrone, and a phenol-HCHO resin
were the model substances evaluated. Hydrogenation products of
coal and pitech consisted of condensed cyclic and polyecyelic hy-
drocarbons contg. 30-48 C atoms, These substances corresponded
to the products obtailned from by hydrogenatlon of model sub=-
stances having mainly a pyrene structure.

1966

3.10 A comparative study of exinite, vitrinite, and mi-
crinite. H., Tschamler and E. De Rulter (Unilon Carbide Euro-
pean Res. Assoc. S.A., Brussels,Belg.). Advan. Chem, Ser. No.
55, 332-41, discussion 342-3 (1966) (Eng). An exlnite, vitri-
nite, and mierinite of the same rank were investigated, From
elementary analysis alone; it follows that their structures
must be different. Combining the results from ir and proton-
spin resonance measurements, the H distribution, the aliphatic-
group distribution, and posslble intervals for the aromatlcity
are derived, Exinite has the highest relative amt. of CH,
groups and micrinite has the lowest amt. From x=ray measure-
ments and ¥ distribution, limits for the aromatic cluster size
are derived; exinite has the least clusters, micrinite the
most. Finally, the presence of nonaromatic rings 1s demonstra-
ted, of which at least a part should be hydroaromatic or all-
cyclic,
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3.11 The function of solvent extraction products in the
coking process. II. A theory of the mechanism of thermal sof-
tening, K. R. Brown and P, L, Waters (C.S.I.R.O,, Div, Cozl
Res., Chatswood, New South Wales). Fuel 45(1), 41-59 (1966)
(Eng); e¢f. preceding abstr, Thermal softening 1s explained in
terms of a "mixed 1sogel" model that supposes vitrinlte to
consist of (A) fusible CHClz=sol. "bitumen" mols, as the dis-
persion medium, and (B) infusible "humic" micelles disper-
sible in pyridine as the dilspersed phase. In the solld state,
the micelles of B are held together by van der Waals forces as
a rigid gel with mols, of A included in the pores of thls ma-
trix. Initial thermal softening (~~350°) 1is belleved to be
essentlally a thermophys. process of gel/scl transition, but
fluidity 1s subsequently modified by thermochem, and mech.
processes, which are explained in detail. The extn, products
A and B are probably derived from different coal-forming plant
chemicals along different metamorphlc tracks and bear a gen-
eric relation to certain petrographic components, Both m,.ps.
and decompn. temps. of extn. products are functions of chem,
compn., The conditions of softening are detd., by the relative
proportions of fusible, colloldally dispersible, and nondis-
persible components, and by the chem. compn, of these compo-
nents, 139 references.

1965

3.12 Constitution and structure of Jiawang vitrinites
by miTd hydrogenation. II. Thin-layer chromatography of aro-
matic hydrocarbons and mild hydrogenation products from vitri-
nites. Mei-Jen Shih, et al, Acta Focullo-Chim. Sinica 6(3),
250-8 (1965) (Ch); cf. CA b4, 7192534, Inalysis ol aromatic
hydrocarbons- and of the mlld hydrogenation products of Jiawang
vitrinites was made by alumlna and silica-gel thin-layer
chromatography. The retention data from the chromatograms in-
dicated that the aromatic hydrocarbons were arranged according
to the no. of aromatic rings, esp. the no. of double bonds in-
cluding conjugated and nonconjugated bonds, so that it is pos-
sible to make use of the thin-layer chromatography as a method
for group identification. From the chromatograms of the hydro-
genation products and their aromatic fractions of Jlawang vi-
trinites, ‘it was shown that biphenyl, biphenylmethane, and thelr
derivs. were absent in the fractions cof monocyclic aromaties.
This has led to the conclusion that structural units with mono=-
cyclic aromatic and satd. naphthenic type are present in the
original vitrinites, and they are not the products of hydro-
genation of other structural units during mild hvdrogenation.
From Sci. Abstr. China, Chem, Chem. Technol. #(1), 24 (1966).




1964

3.13 Physical and chemical vroperties of hard coal com-
ponents. XVI. The influence of the degree of coalification
and of the process rate on the results of pyrolysis in hieh
vacuum. Carl Kroeger and Peter Unrath {(Tech. Hochschule,
Aachen, Ger.). Brennstoff Chem., 45(1), 9-15 (1964). Vitrinite,
mierinite/semifusinite, and exinite of Fuhr coal beds, as well
as vitrinite of the Wilhelm ted, were subjected to high-vacuum
breakdown at 525°, Yields of coke, tar, water, and gases were
detd. and the gases analyzed for H, CHy, CpHg, CpHy, C3Hg,
CqHg, butane, butene, CO, and COp. In comparison with the step-
w?se high-vacuum pyrolysis described in previous work, consid-
erably higher tar and lower gas vlelds were obtained in the dl=-
rect approach. Direct pyrolysils is the least destructive of
the two methods in terms of "bitumen" yleld. A theory, making
use of a cell-structure concept, 1s developed to explain this,
It was possible to correlate the wax=resin content of the coal
(the bitumen formers) with the tar yield and alsc with the
yield of certain gaseous hydrocarbons.,
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. Composition of a low-temperature bituminous coal
tar. FHoward W. Wailnwright (Bureau of Mines, Morgantown, W. Va.)o
am. Chem. Soc., Div, Fuel Chem., Preprints 7(1), 143-68 (1963),
This paper summarizes the separatory and qual, and quant. pro-
cedures for characterizing a low-temp. bituminous coal tar.
These include microvacuum fractional distn., infrared and ul-
traviolet spectrophotometry, gas-liquid and displacement chro-
matography, and countercurrent distribution. In the distillate
fraction b, £350°, approx. 130 individual compds. were lidenti-
fied among the tar acids and bases, 95 among the aromatic hy-
 drocarbons and 21 among the C;5_1g hyvdrocarbons, 7 each of

normal paraffins, 2-methyl al%anes, and L -clefins., These
were identified mostly with respect to individual isomers, and
the amts. were detd., or estd. in nearly all instarnces. The
resins from the pitch of lignite, subbituminous, and bitumin-
ous low=temp., tars were characterized by ring anzlysis, 1nfra-
ved and ultraviolet spectra, and by combined pyrolysis and gas-
1iquid chromatography. The resins contained 1sclated benzene
rings Joined together by satd., fused, multiring systems wlth
satd. bridee carbons, including quaternary carbons.

3.15 Chemicals from coal hvdrogenation products. M. D.
Sehlesinger (Bur. of Mines, Pittsburgh, Pz.). Am,., Chem. Soc.,
Div. Fuel Chem,, Preprints 7(1), 184-93 (1963). A large quan-
Tity of chemicals are now made from coal by carbonization. The
supply could be increased significantly by products from the
hydrogenation of coal but not necessarily at competitive nrices.
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A no. of high-mol.=-wt., compds. can be sepd. from the products
of coal hydrogenation, but large-vol. markets do not exist
as they do for the lower-mol.-wt, compds, Recent research at
the Bureau of Mines has produced raseous hydrocarbons by the
hydrogenation of dry coal, From thls research came the syn-
thesis of coronene by the hydrorenation of anthraclte. £LAlso,
2 mixt, of closely related chemicals produced from ccal by
hydrogenatlon has been hydrorenated to a jet fuel that mayv be
suitable for supersonic aircraft.

3,16 = Test of hydrogenatlon of a coal by atomic hyvdroren.
Maurlce Letort, Andre F, Boyver, and Plerre Payen. Bull. Soc,
Chim. France 1963(8 9), 1589-93, Atomlc E, obtained in 20~
50% concn. by elec, discharge in H at O.M-O.T mm., completely
reduced C and coronene to CH ys and C5H-. But paraffins,
phenanthrene, and pyrene under t e same conditicns left a
high-mol.—wt. residue contg, hydrogenated aromatiec structures.
Vitrinite (I), a sample of coal contg., 84.5% C and 8.2% 0, left
only its inorg, residue, and a pyridine ext. of I left no resi-
due upon hydrogenation. The reactlon velocltles were inecreased
by the presence of 3% H,0 in the H, but in that case, the pase-
ous products were mainly CH, and CO, in conens. which indicated
that the reaction involived 1 mol, H,0 out of 15 and 1 atom H
out of 500, Since the degradation o6f the coal by hydrocsena-
tion ylelded only light gaseous products, it gave no informa—
tion on the structure of the cozl,

1962

3.17 Mechanisms of coal pyreclysis, V. Kinetics of pyro=-
lytic dehydrogenation in the range 600° to 800°, N, Berkowitz,
and W. den Hertog (Res. Council Alberta, Edmonton, Can.), Puel
41, 507-2C (1962); cf CA 55, 22773b. Rates of H formation In
the temp., range of 600-800° are reported for 3 coals of widely
different rank. Between 35 and 70% of the total H avallable at
any one temp. disengages with lst-order kinetics, but the ap~
parent activation energles caled. from the corresponding rate
consts. are low and vary from 8 to 15 kecal./mole. Since rate
control by C=H bond rupture or gaseous diffusion must be ruled
out, the rate-detg. step must be a functlon of lamellar mobility,
i.e, E forms in a bimol. process whileh occurs whenever 2 cone
tiguous C lamellae move into an appropriate configuration.

3,18 Self-consistency of statistical structural analy-
ses [of ctoal, tar, and pltch]. Valerie Sandor, Ernest de
Puiter, and Hubert Tschamler (Union Carbide European Res, As-
soc. S. A., Brussels,Belg,). Erdoel Kohle 15, 713-17 (1962).
Tc det. the complex structures of coal, tar, and piteh, the use
of a graphic densimetric method, reconstruction of ultraviclet
and visible absorption, and aromatic-aliphatic H distribution
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are discussed. The results of using these methods for detg.
the aromaticity, ring .condensation index, mean size of con-
densed aromatic systems, max, aromaticity, and aromatic substi-
tution index are given for samples of tar and pitch, 12 ref-
erences, S

3.19 Origin of coal-tar pitch. E. W, Volkmann and C.
c. Russell (Xoppers Co. Inc,, Pittsburgh, Pa.,). Fuel 41,
535-9 (1962). The close similarity between many of the physa
and chem. proverties of the vitrinites of high-rank, low-
volatile, biltuminous coals and of coal=tar pltches produced
from high-temp. coal tar 1indlcates that these substances con-
tain some identical structural units. These units are prob-
ably derived from the vitraln fraction of the coal during
carbonization and appear in the condensing tar after modifi-~
cation due to pyrolysis. High-temp. pyrolysls seems to bring
_about in sec. what nature accompllished in millions of years.

3,20 Determination of acene groups [anthracene struc-
turesT In hard coals. F. Micheel, J. Bernsmann, and G.
Draeger (Univ. Muenster, Westf., Ger.)., Brennstoff-Chem. 43,
49-50 (1962). The CpH:-N and Cghg-insol. fractIons (I) from
each of 6 coals (C 8§,§5-91.59%) were refluxed with satd. xy-
Jjene solns. of maleic anhydride. After converslon of the re-
sulting endo-succinie anhydride derivs. to the aclds (11)
these and I were each methylated with diazomethane., The difa-
rerences in the OMe contents of T and II indicated the % of
acene groups in I, The content of the acene groups, calcd.
as anthracene, decreased with increasing degree of coallfica-
tion from 9.9% in gas coal tc 1.0% in anthracite. Similar
expts. with 2,3-dibromomalelc anhydride, in which the hydro-
lysis rates of the Br in the products were measured, confirmed
these results. Expts. with HCHO copolymers with anthracene
and phenanthrene showed that they contained 18.7 and 0.5%
acene groups,; resp.

3.21 Molecular motion and arrangement in coal by nu-
clear magnetic resonance methods. - Y. Sanada and H. Honda
(Resources Res, Inst., Kawaguchi, Saltama, Japan). Fuel b1,
437-41 (1962). Results obtained by the broadline n.m.r.
method have a no. of implications with regard to the mol. mo=
tion and arrangement in the coal. Calcn, of the activation
energy at near the glass temp. and the degree of crystallinity
has been attempted. The values of actlvation energy are higher
than those of synthetic high polymers and sugrest a motion more
hindered by strong mol., forces in the coal.

1961

3.22 Thermal stability of constituents of coal tar and
thelr derivatives. Hajime Suzumura {(Tokyo Lab. Res. Center).
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Kogyo Kagaku Zasshi 64, 1978-83 (1961). 1In order to det., the
thermal stabllitles of the constlfuents of coal tar and their
derivs, in relatlon to thelr chem. structures, aromatic hy-
drocarbons, aromatic ethers, T compds., and S1 compds. were
elther synthesized or purified and were then heated 1n sealed
tubes, Heatling was conducted for varicus times at various
temps., and the precpertlies of the samples, such as color, m.p.,
absorption spectrum, and deposition of carbonaceous matter,
were then examd, Alsc, the samples were heated in air to ace
celerate oxldatlve deterioration, Para-substituted biphenyls,
such as p,p'=difluorobiphenyl, p-phenoxybiphenyl, terphenylene,
and 1,3,5=-triphenylbenzene, all having low free valency, were
found to be thermally as stable as blphenyl and terphenyls, On
the other hand, compds, such as bibenzyl which had chem. bonds
of low dissocn, energy, were cracked considerably even after
short perlods of heating,

3.23 Changes in structure and properties of Kara=Kichia
brown coal during thermal treatment, K., Usenbaev, Vestn.
Akad. Nauk Kirg, SSR 1961, No. 1, 53-63. Samples of brown coal
from northern mines of the Kirgiz 3.S.R., contg. ash 8.6, mois-
ture 12,5, and volatile material 37.4%, were subjected to ther-
mal treatment at temps ranging from 1000° to 2800° in N. Struc-
tural changes occurring in the coal at varlous temps. were
studled by x-ray diffraction, and detns, were made of the ther-
moelectromotive force (with respect to Cu) and of eleec. cond.
of the heated samples. A homogeneous transition from the amor-
rhous structure to a graphitic cryst. network was observed,
without coexlstence of the phases, Crystn. began at 2200°, and
its rate increased with temp. As compared with anthracite from
the Dcnets Basin, the crystn, rate was considerably lower, and
the lattice did not attain the perfection of that in native
graphite. The x-ray diffraction pattern indicated that the
structure of brown coal 1s Intermediary between that of gra-
~ phitizing materials (anthracite, petroleum ccke) and nonpra=-
phitlizing materials (channel black, sugar C).

3,24 Chemical constitution of the bitumlnous coal of
vubarI, Tsutomu Sakabe, Shigen Gijutsu Shikensho Hokoku N»n,
49, 1-61 (1%€1) (Japan)., Yubarl coal 1s a tvpical Japnarneze
coking cozl, By treatment with H at 360-70° in the pressnce of
a Cu=Ba-Cr accelerator, an oil was obtained whilch was sol., in
petr. ether in a yleld of 56.8% in relation to C balance, O0Of
thls oil (b,_s 315°), 77% consisted of 6.8% bases, 10.7% of
acid oils, ané 83% of neutral oil, from which 4.1% could be
obtained with urea. The basic portion was send. into 4 frac-
tions, mol., wts., 159-246, 58-86% tertiary amines. The content
of the amines 1ncreased with increasing mecl, wt., that of sec-
ondary amines decreased. The neutral oil vielded 13 fractions
with a mel, wt. of 151-393, which were investigated after
elimination of paraffin and dehvdratlion on Pt. The content of
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OH and basic N groups increased with fnereasing mol. wt. Also,
the neutral oils contained inactive O and nonalk. N. The acld
oil was sepd. into 5 fractions wlth a mol. wt. of 125-283 after
methylation of the OH groups. The neutral oll fractions cor-
tained 1=l aromatic rings/mol., which were catacondensed, with
53-63% aromatic C. VMost of the methylated acld olls contained
1 penzene ring/mol. The petr. ether ext. of the coal was a
viscous oll. From this oll, small amts. of 4,11=-dimethylplcene
were obtained. Solid bitumen and pseudobltumen, obtained by
pressure extn. in CgHg and subsequently hydrated under mild
conditlons, were sepd. with ligroine, MeOH, ether, acetone, and
cCly into 7 parts. The mol. wt. of these parts Increased

from 300 to 1400. All parts contained OH groups and groups
with inactive Q. Some contalned a few CO0 groups. While eli-
minating the O and N groups, relations were found between the
amt. of H/mole, the molar vol., the molar heat of combustion,
and the no. of ¢ atoms/mole of solid or pseudoblitumen. With
pyridine, ~ 4% ext. was obtained from the coal, and it was as-
sumed that the mols. in soln. had a diam. of 10-20 A, The Yu=
bari coal had an av. compn. of CppHoy,3Ng,301,6 and 1t contained
2.9 catacondensed aromatlc rings/mol., in addn. to 8 aliphatic
¢ atoms and 0.4 acetylatable OH groups. The ratio of aromatic
C to total C varied greatly. Some of the aromatic rings were

. connected with each other and thus formed the coal mols,, of
whieh some had a diam. of 10-20 A. A high content of K and of
volatile substances produced an aromatic content of only 6L%g,

1959

3.25 Chemical nature of thermal decomposition and coke
formation. V. E. Rakovskii. Khim. Plrogen, Prctsessov, Inst.
Torfa Akad. Nauk Belor ssk. SSR, Mosk, Torf. Inst. 1900, 165-
BU; cf. following abstr, 1The cnemistry of coking and coke for-
mation 1s discussed. Coke formation and caking resulting from
t he thermal treatment of low-mol. wt. compds. are condensatlon
processes of aromatic compds., leading to the formation of high-
‘mol.-wt. thermally-stable polynuclear aromatic compds. Caking
consists of the substitution of CgHg rings by aromatlic radicals.
The coking process 1s most evideng when heating aromatic hydro=-
carbons under pressure in the liquid phase. In the pregpn, of
biphenyl, 1t 1s necessary to use special catalysts that accel=-
erate coke formation. Naphthalene, heated 1n an autoclave to
350°, 1s easily transformed into coke. Pyrolysis of arcma-
tic ecompds. results to a slight extent in ring rupture, and the
vasic ring condensation process 1s accompanied by sepn. of a
corresponding amt. of H. The reactivities of polynuclear compds.
are not identical and depend on structure. Hvdrogenation of
aromatic compds. results in a decrease in stability of the compds.
obtained. Cracking of Tetralin at 650° gives T75% naphthalene
and, under the same conditions, Decalin gives 10% naphthalene,
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10% CgHg, 10% PhMe, and about 50% low-mol.-wt. Cj_g hydrocar-
bons. If the high-mol.=wt. coal resin consists mostly of aroe
matiec hydrocarbons, the solid fuel contains a large amt. of the
corresponding cycllc unsatd. and satd. compds. of the naph-
thenic series. These unsatd. compds. are easlly hydrogenated

and converted to aromatic ompds. capable of giving stable conden-
satlion products, Mechanisms for these processes and for the for-
mation of S~ and N-contg. coke are proposed.

B. Alkyl Substituents

1972

3.26 143272v  Benzenecarboxylic aclds obtained by the
oxidatfon of Kuznetsk Basic coals by oxygen and alilr in an al-
kaline medlium, Kukharenko, T. A. (USSR). Zh. Prikl. Khim.
(Leningrad) 1972, 45(1), 172-5 (Russ). Most of the aclds were
3denEi§1e3 and detd. by a gas-lig. chromatog. method and max.
.ylelds of the acids were reached at 270°, The yields of total
and polycarboxyllec aclids were max, when fatty and lean coals,
resp., were oxidized., Benzenetri- and benzenetetracarboxylic
aclds were the chief components. The weathered coals yielded
more total and benzenepolycarboxylic acids in a single-stage
oxidn. than the unweathered ones in a 2-stage oxidn., involving
oxldn. of the coals with air during the lst stage. 1,4-disub-
stitution is low or nil.

1970

3.27 122220z Cxldation of solid fuels with potassium
permanganate 1n an alkaline medium as a method of coal struc-
ture 1investlgation. Salbut, Plotr D,; Wielopolski,Aleksander
(Inst. Chem, Org., Polska Akad, Nauk, Warsaw, Pol.s. Rocz.
Chem. 1970, 44(3), 585-601 (Ger), Structure parameters detd,
in a serles of solid fuels such as peat, brown coal, bitumin-
ous coal, anthracite coal, soot, and graphite, either by van
Krevelen or Jurkiewlcz and Zielinskl methods, were found to
be in a regular relation to ylelds of benzenecarboxylic acids
(I) obtained by oxldn. of the fuel with KMnOy, Conclusions were
drawn concerning the coalification and chem. compn. of a par=-
ticular kind of fuel. Except for terephthalic acid, the fol-
lowing I were isolated and detd.: benzolc, Isophthalle, phtha-
lie¢, 1,3,5=-benzenetricarboxylic, 1,2,4-benzenetricarboxylic,
1,2,3=-benzenetricarboxylic, 1,2,3,5-benzenetetracarboxylic,
1,2,4,5-benzenetetracarboxylic, 1,2,3,4-benzenetetracarboxylic,
benzenepentacarboxylic, and benzenehexacarboxyliec acid.
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1966

3.28 Oxidation kinetics of coal. II. Gravimetric and
volumetrlc experiments; change in calorific value and swelling
index., FEhrenfried Schuett (Tech. Univ,, Berlin). Erdoel
Xohle 19(1), 32-8 (1966) (Ger); cf. CA 62, 6303d. The first
attack of D upon coal involves aliphatic groups: :CHp + 03 =
:CO + Hp0. This results in a wt. increase with formation of
compds. of the humlc acld type and removal of H. The sececnd
stage 1s the conversion of this product (CgHz0p) to COp, CO,
and HpC, and 1t continues until the org. matter is completely
consumed. After drying and evacuation, coal sorbs O (or N)
rapidly during the first few min, (adsorption); subsequently,
0 is consumed (chem. reactlion) more slowly for many hrs. re-
1ations involving wt. change of coal samples, consumption of
0, pressure, and time are described graphically and math.

The change in the calorific value of coal was small but Iin-
creased rapidly during absorption of up to 5% O (detd. by dif-
ference), then remained falrly const. at 140 + 10 cal./r. The
swelling index of a C.1-0.2-mm. coal sample oxidized at 150°
decreased from 8 to 1 in 10 hrs.,, while the wt, increased ~1%;
this change was slower for oxidn. at lower temp. or with lar-
ger particle size,

3.29 Similar compositions of alkanes from coal, petro-
leum, natural gas, and Fischer~Tropsch product. R. A. Frledel
and A. G, Sharkey, Jr. (U.S. Dept. of the Interior, Pittsburegh
Coal Res. Center, Pittsburgh, Pa.). Advan. Chem, Ser, No. 55,
32-40, discussion 40-2 (1966) (Eng). Possible interrelatlons
of natural substances are important. Similarities of the lowe
mol.-wt. alkane isomers from crude oil and Fischer-Tropsch
synthesis product have been reported, A similar compn. for
high-temp. coal carbonization has been found. The Cy to C
alkane isomers from these sources can be calcd. quant. witg
equations developed for Fischer-Tropsch products, A reversal
. of the conens. of the monomethyl isomers from C (2 Me > 3 Me)
to C., (3 Me > 2 Me) occurs in all 3 products; comparisons at
highgr C nos. indicate some dissimilarities, Naphthene iso-
mers for crude oil and high-temp. coal carbonizatlon also have
similar compns., Aliphatie hydrocarbons froT low-temp. coal
processes are conslderably different. The 3C 1sotoplc compn.,
of pure compds. from the various sources are being compared
in order to provide information on thelr origin. 21l references,

1963

3,30 Studies in aerial oxidation. I. Oxidation of the
vitrain from a bituminous coal. R. B. Conrow, R. A. Durle, J.
S. Shannon, and S, Sternhell (Piv. of Coal Res.; C.S5.I.R.0.;
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Chatswood, Australia), Fuel 42, 275-90 (1963). Aerial oxida~
tion of a vitrain of 82% C content at 170 and 190° was studied
by echem. and infrared spectroscopic examn. of the solid pro-
ducts. The most important changes occurring during oxldn. are
the virtual disappearance of aliphatic structures and the ap-
pearance of aromatic COOH groups; changes 1in the distribution of
aromatic H, as manifested by infrared spectra, suggest that the
aromatic portions of the coal structure are alsoc changed dur-
ing oxidn. No significant gquantities c¢f nonacidic CO groups
were introduced, but some nonacetylatable OH groups appeared.
The chemistry of aerlal oxldn, of bltuminous cocals is more com=-
plex than much of the published information would suggest;
however, the compn. of the alkali-sol, materials formed appears
to be independent of the duration of oxldn. 48 references

3.31 The hydrogen distribution in macerals., W, R. Lad-
ner and A. E. Stacey (Brit. Coal Util. Res. Asscen., Leather-
head, Engl,). Fuel 42, 75-83 (1563)., Proton magnetlc reso-
nance measurements were made on a serles of vitrinite, exinite,
and fusinite concentrates of high purity. The results for the
vitrinites and exinites are discussed in terms of H distribu-
tion and, by a comblnation of the n.m.r, data with those from
infrared spectroscopy, the ratic of H in CH; + tertlary CH
groups to that in CH, was calcd, This ratio lies between 0.7
and 1,0 for the exinites_and between 1.0 and 1.4 for the vitri-
nites, Since the infrared spectra of these materials and other
evidence indicate a low concn. of CHq groups, the proximity of
the above ratio to unity 1lndicates that an important fraction
of the aliphatic H cccurs in tertiary CH groups. Tentative es-
timates of the aromaticities of the fusinltes were also made.

1959

3.32 ° Relation between chemical constitution and pyroly-
sis of coal. 8. C. Biswas, S. Sarkar, K. A. Kini, N, N, Das
Gupta, and A. Lahiri (Central Fuel Res., Inst., Jealgora). ,
Proc. Symp. Nature Coal, Jealgora, India 1959, 261-5. Vitrains
from high~ and low-rank coals were carbonized at 1000° in a
vacuum and the active O groups were characterized, A study of
these active groups showed larger amts, of OH, CO, and COCH
groups assocd. with the low-rank than with the high-rank coals.
The higher amts. of CC and CO,; evolved by the low-rank coal
correlate with the higher contents of CO (and of ether) and of
COOH groups, resp. in that cecal. In conformity with the view
that the no. of aliphatic side-chains is pgreater in low=rank
coals, the amts, of CHy and other hydrocarbons evolved are
greater with these coals. The C:H ratios of the residues,
when plotted against the temp. of carbonization, showed that
ring condensation occurs at about 500°. ' : .
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C. Sulfur Structures

1973

3.33 21450 X-ray photoelectron studies of sulfur
in carbon. Harker, H.; Sherwood, P, M. A, (Chem, Dep. Univ.
Newcastle-upon-Type, Newcastle-upon-~Tyne, Engl.). Phil, Mag.
1973, 27(5), 1241-4 (Eng). X-ray photoelectron spectroscoby
(ESCA) studles suggest that during the carbtonizatlion of sul=-
fanilic acid, arom. ring systems conteg. S may be formed and
this 1s consistent with data obtained from model compds.
contg. heterocyelic S. The conclusions are of interest in
connection with the problem of S in coke,

1972

3.34 91026s Nature of coal extracts. IJII, Further
progressive extraction and depolymerlzation of coal. Foy,
Monmohan M.; Mitra, Sanjib K. (Geol. Surv. Indla, Calcutta,
Tndia). Erdoel Kohle, Erdgas, Petrochem. Brennst.-Chem. 1972,
25(6), 343=F (Cer). The work described In CA [8: 8G5H0F was
continued to show that the no. of condensed rings is ¢2; that
the S is present mostly in heterocyclic structures, and that
bonding between 2 units is mostly by CHp or heterocycllc
structures.

1969

3.35 23250g Dissolving Karnatsaisk coals in organlc
solvents. Fisenko, N. N.; lLarina, V. A,; Baranskii, A, D.
(USSR), Vop. Knim. Khim, Tekhnol. 1969, 141-8 (Russs. Prom
Ref. Zh., Geol,, K. 1060, Abstr, No. 6KE3. TResults are piven
of a study of coal dissoln. 1n alc.-benzene (3 samples), pyri-
dine (5 samples), and PhOH (8 samples). Data are riven on the
Ho0 and ash content in samples of natural and residual coals,
on the yleld of exts. and residual coals, and contents of va-
rious forms of S (total, sulfate, pyrite, org.) in natural
and residual coals and exts. Pyridine and phenols nct only
transfer into soln, a part of the org. mass; bul cause de-
struction of the coal macromols., part of the thio ether S
being transfered into soln, The S atoms, which form thlo
ether groups, belong mostly not to the readily sol. part of
the coal, but are bound directly to the main coal macromols.

1966

3.36 Pyrclysis of polycyclic compounds containing sule-
fur. T. X. Masciantonic and J. V. Walter {(Appl. Res. Lab.,
U. S. Steel Corp., Monroeville, Pa.). Advan, Chem. Ser. No.
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55, 687-94 (1966) (Eng). The pyrolysis of polycvclic com-
pounds has been of conslderable interest In studyvine c¢arboni-
zatlon and the manuf. of C products, It is usually desirable
te minimize the § content of the carbonaceous resldues re-
sulting from pyrolysls of organlc materials. To understand
the disposition of & during pyrolysis, a serles of model
polyeyclic sulfur-contp. compds. was nyrolyzed at 625°, The
compds., were Ciba Pink B, Sulfur Black 2B, Hyvdron Elue G,
Flavon GC, Alizarin Black B, Indanthrene Brown, Blue-Green
FFB, Algol Orange RF, Ciba Crange R, and Cibanone Yellow R,

A correlation between the 8 distribution and the elemental
compn. of the compds. was observed. A mechanism of desul-
furlzation that involves the probabllity of combining H and

S atoms during pyrolysls appears to flt the exptl, data best.
The study indicates that the volatile matter and O content of
the model compds. are also slignificant factors in desulfuri-
zaticn,

1961

3.37 Thio ether sulfur in some Irkutsk coals. V. A,
Bogdanova and A. D. Baranskii. Xratkie Soobshch. o Nauchn,.-
Issled, Rabotakh za 1961 (Irkutsk: Irkutskii Univ,), Sb, 68
(Fub., 1963) (Russ). The chem. characterlsties of ore. bound
S were studied 1n samples of coal from 4 deposits in the
Trkutsk basin. Low=5 Irkutsk coals had a high relstive con-
tent of thiocether groups (%64,7%), while high-S coals were
rich in org. bound S; these grouns comprised < 10% of the en-
tire org. S 1In the coal. The bond between the org, S atoms
in Irkutsk hlgh-S coals and the central part of the coal
macromol, was conflrmed, ¥From Ref, Zh., Khim, 1965, Abstr.

No, 13P37.

3.38 Sulfur in the primary tars of certain Irkutsk
coals. A. D. Baranskii, A. T. Zinina, and T. A, Toropova,
izv, Fiz,-Khim, Nauchn.-Tssled, Inst. pri Irkutskem Univ, 5,
No. 1, 36-42 (1961). Most of the & in Irkutsk coals enters
into the rmas or semicoke on coking., After semicoking of
Zabitul, Delyursk, and Cheremkhovo coals, 3,6-6,5% of the
total S content of the coal is found in the tar fractlons
b. 8325-60°, 1In the 1lst case, 78% of the S was found in
high-mol.=wt,.,, thermally stable compds. of the thiophene type. .
Cheremkhovo tar is characterized by a higher content of pro-
ducts of thermal decompn. of org. S compds. and a lower con-
tent (51%) of thiophene compds. From Ref. Zh.,Khim, 1962,
Abstr. No. 8M64, :

1958

3.39 Pecullarities in the behavior of sulfur from
IrkqtsE coal during fractlonation of the latter with heavy
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liquids., V. A. Larina, A, D. Baranski, W. N, Poljakowa, and
N. F. Odinetz. Knim., i Tekhnol. Topliv i Masel 3, 36=43
(1958). Mineral cocal discovered 1n various locations around
Irkutsk was sepd. according to the method of Ammosoy (CA H?,
7188h) into fractions by CgHg=CCly mixts. of various d. to
det. the content of total, mineral, and corg. S and to estab-
lish the proportlon of both varieties of 8 and total S, The
1iguid ds, were 1.40, 1.35, 1.30, 1.28, 1.26, 1.25; and 1. 24,
after which the fractions were simultaneouslv carbonized at
low temp. or coked and then analyzed for S. The relatively
const. distribution of total 8 in the coal malinly depended
upon the org. S. The thermal decompn. of the latter did not
reveal an isolated process, rather it was definitely connected
with the simultaneously occurring decompn. of mineral & whilch
resulted in the formation of HpS, 3, and S-contg. compds.
Org. S was more completely decompd if the coal contalned
1ittle or no mineral S. The practical consequence of this
finding 1s the necessity of removing mineral S before ther-
mal processing of Irkutsk coal to obtain products low in S.
From C.Z. 1960, 2736,

D. Oxygen Structures

1971

3,40 1536L0g Oxidation studies on coking coal related
to weathering, II, Distribution cof absorbed oxygen in the
products resulting from the oyrolvsis of slightly oxidizing
coking coal., Ignasiak, B. S.: Clugsten, D. M.; Montpomery,

D. S. (Natl. Res. Counc. Canada, Ottawa, Ont.)., Amer. Chem.
Soc., Div. Fuel Chem., Prepr, 1971, 14(1), 95-105 (Eng).
high-volatile A bituminous coal was oxidized 72 hr with 180

at 100° to simulate weatherin% and i%bsequently pyrolvzed %t
various uemps. to drive off C 80 0180, cl18q, clé 0, Hy

and H,160. These Fases were analyzed by mass spectrometry and
60% o% the 180, was in the tar + water fraction. The implica-
tion is that 1F mild weathering occurs, sufficient 0 crosslinks
are introduced to have a profound influence on the phys. pro-
perties of the molten coal, such as the dilatation.

3. 41 36007r Chromatographic study of alcohol-benzene
extracts of some Bulgarian coals. Terebenina, A. V. (Inst.
Neorg. Knim., Sofia, Bulg.). Khim, Tverd., Topl. 1971, (6),
40-5 (Russ). With increasing C content In coals, the amt. of
neutral aromatie compds. lncreased in the EtOH- 06H6 exts. The
exts., from a Bulgarian lignite and 2 bituminous coals were
examd. by lig. and gas-liq. chromatog., elementary anal., and
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ir and uv spectroscopy. The liag. chromatog. of the part of the
exts. sol. in petroleum ether took place In a column filled
with a 1:1 silica gel~Al 03 adsorbent at a 27:1 and 50:1 ad-
sorbent-sample ratio. Tﬁe eluents used were petroleum ether,
06H » Et-0, EtOH, Me,CO, and thelr mixts. In the aromatic

part of the exts. from bituminous coals, acenaphthene, di-
phenyl oxlde, 2,3-dimethylnaphthalene, and fluorene were
identified by means of the Carlo Erba chromatograph. The

ext, from the Maritsa-Iztok lignite was 56% sol. in petroleum
ether and contained > 90% O=-contg, compds., including 27% aci-
dic compds. and 60% neutral ethers, esters, and ales. The
ext. from Kachulka bituminous cozl was sol, in an amt. of
58.2% in the petroleum ether and contained 0.5% paraffin-
naphthenic compds., 19% alkylnaphthenes, and 16% phenanthrene-
anthracene hydrocarbons. The ext, from Mazalaka bituminous
coal was 75.6% sol. in petroleum ether and contained 50% neu-
tral O-contg. compds., 40% aromatic compds,, and 10% acidlc
compds.

1970

3.42 132776t Low-temperature oxidation of coals
studied by 1r spectroscopy. Reznlk, M, G.; Chekhovskoi, B,
Ya. (Donetsk. Politekh. Inst., Donetsk, USSR). Khim. Tverd.
Topl. 1970, (5), 35-9 (Russ). The coal structure was studiegd
using the products of destructive distn., both before and af-
ter oxidn. at 20, 90, and 180°, Ir spectrz of samples prepd.
in 1liq. petrolatum (1:10) show that oxidn. forms ether bridges
and acldic and alec. groups in the c¢oal. Changing the oxldn.
temp changes the mechanism of O interaction with the org. mat-
ter of coal,

1968

3.43 23556r Behavior of germanium during the oxlda-
tion of coals. Ryabchenko, S, N. (USSR). Protsessv Term.
Prevrashch. Kamennvkh Uglei 1968, 370-5 (Puss). Edlted by
Alekhina, V., I, Tzd. "Nauka" Sib. 0td.: Novoslblrsk, USSR,
Gas and coking coals were oxidized with 30% HNO3 for 1 hr.
at 90°, The oxidized samples were analyzed for elemental
compn., functional groups, and the content of Ge. Oxidn, 1in-
creased the content of HyC in the coals, and of 1ts contents
of 0, OH, CO, and COOH groups, It reduced the contents of C
and H. The amt, of Ge solubilized was U48% from egas coal and
15% from coking coal. The oxidized coals were hydrolyzed with
10% KOH, yielding humates. The free humic acids constituted
90% of the combustible part of gas coal; their emplrical for-
mula was 013.0H15_103.7N0.GSO.ICOO.O3OH0.2COOH0_2. The humic
actd ash coftaineéd Ca, Pb, .Zn, Sn, and Ag, as well as smaller
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amts. of several other elements. The oxidn. mechanism of gas
and coking coals appeared to be different. Oxidn. of gas

coal resulted in the introduction of O between the rings
yielding humic~like acids, while oxidn. of coking coals was
accompanied mainly by the addn. of O on the surface of aroma-
tic systems and was accompanied by splitting of the C-C bonds.
A nearly complete degradation of the org. part of gas coal
caused the solubilization of 90% Ge., Only 35% Ge was solu=-
bilized during degradation of coking coal. This suggests that
Ge is present malnly in the form of 0-Ge-0 bridges.

1966

3. 44 104840¢ Polycondensates obtained from S-hydroxv-
l,M-napEEhequinone as model of organic matter of hard coal.
Leszek Czuchajowskl and Jozef Krzeczek (Wyzsza Szkola Rolnicza,
Cracow, Poland). Arch. Gorn, 11(2), 163-74 (1966) (Pol).

The ir spectra of S=hydroxy-1l,4-naphtheguinone (I) and some
of 1ts macromol. derivs, were 1lnvestigated. Reaction of I
with 1,4-benzenebisdiazonium tetrafluoroborate (bisdiazo=p-
phenylenediamine tetrafluoroborate) (II) in H,N-acetone gave
dijuglonylbenzene, The same reactlion performeé in 2N NapCC
gave a polycondensate with several aromatic units of I or ts
derivs. jgined by phenylene bridges. In the range of 1800-
1500 cm.~* 2 peaks of guinoid CO origin occurring at 1665
em.~1 and 1640 em.™ were less distinct in the polycondensate
than in II. Oxldn. of the vpolycondensate by 2N HNQO3 gave an
acid-insol., alkali-sol., fraction with 1ir spectrum similar to
that of humic acids extd. from hard coal, and an acid- and
alkali-insol. fraction corresponding to coal humins, 10 ref-
erences,

1965

3.4 Solubility of coal in tetrahydroguinoline, R,
Bruecker and G. Koelling (Bergbau-Forsch. G.m.b.H., Essen, Ger).
Grennstoff-Chem. 46(2), 41~3 (1965) (Ger). 1,2,3,H-Tetrahydro-
quinoline (I) dissolves at 300° 90% of the org. matter of bitu-
minous coal. Part of I forms guinoline with loss of H.
Higher-carbon coals are less sol, and requlre higher extn,
temps., which cause side reactlons ¢f I, Part of the dissolved
matter can be distd., Methylnaphthalenes are obtained at 300°,
- and S5-ring aromatlcs at 375°, The scln. mechanism was in-
vestigated with model substances and I. Fhenyl benzyl ether
and dibenzyl ether are split under hydrogenation inte FhOH
and PhMe, and benzyl alc. and PhMe, resp.

3,46 Infrared spectroscoplic characterization of the

degree of hydrogenation in the low-temperature hydrogenation of
lignite carbonization products. Peter Heinz Berthold and Hans
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Koehler. Frelberger Forschungsh. 365A, 37-49 (1965) {Ger).
Photographs of 1r spectra of lignite carbonization products
before and after low-temp. hydrogenation differed, because

of the changes in compn. occurring in the hydrogenation, 1,e.
an increase in the amt, of n-paraffins and the simultaneous
almost complete spllitting of alkyl-aromatic compds., phenols,
and carbonyl compds. Attempts have been made fo use these
changes of the ir extinction coeffs. of the products before and
after low-temp. hydrogenation to characterize the efficiency

of the hydrogenation process and tc use these changes for pro-
cess control purposes. The content of aromatic compds. could
be estd. by the method of Eckardt, et al. (CA 57, 12790i), so
that the percent of aromatically bonded C atoms could be detd,
Plotting e, (extinction coeff. of the band at 1610 cm.~{ typi-
cal for aromatic compds.) against Zco (extinction coeff. of
the band at 1700 em.=l typieal for carbonyl compds,) always
gave a stralght line. If, therefore, the extinction coeff.
ratio €4 /€co , found during a control analysis, was on a
stralght line, characteristic of a particular hydrogenator,

the hydrogenatlon worked effectively. The slope of the line
representing the ratlio of the extinction coeffs., depends on

the age of the hydrogenator and the state of the catalvst em=-
rloyed., If feed material had entered the hydrogenation reac-
tor through a leak in the recuperator, the extinetion ratio
changed drastically, resulting in a deviation from the straiecht
line previously obtained. Conventional anal. methods for con-
trolling hydrogenator efficiency, e.g. color changes or con=-
tents of aromatlc compds,, were less suitable for control pur-
poses than the ratio of the ir extinction coeffs. for the bands
located at 1610 and 1700 cm.-1, resp. ‘

1964

3,47 Hydroxyl groups in coal. B. Roga and M, Weclewsks
(Abt, Kohlenchem., Katowice, Poland). Brennstoff-Chem, 45(11),
334-6 (19€4) (Ger), The vapors of polar liqulds such as ace-
tone, methanol, and pyridine cause swelling and crumbling of
coal. The simultaneous increase of OH groups, as detd, by the
Ba{OH)» or acetylation method, is explained by the splitting of
H bonds between OH groups connecting mol. layers. The OH
groups may be alc, or phenolic. The Ba(OH)2 methed 1s sultable
for phenols with H»O-lnsol, Ba salts; the acetylation method in
pyrldine dets. all OH groups unless there is steric hindrance
by radicals or rings. Young coals contalin more phenolic OH
groups, as detd. by Ba{(OH)>. In coking coal, OH groups detd.
by acetylation are predominant, The OH content as caled, from
the mol, amt. of adsorbed acetone agrees with the results of
the Ba(OH)2 or acetylation method.
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3,48 Hydrogenation of reactive groups in Yallourn brown
coal.” T. J. Bireh and J. D. Blackwood (Div. Chem. Eng.,
CSIRO, Melbourne). Nature 201 (4921), 797-8 (19€4), Coals
contg. smalls amts, of O are hydrogenated by direct reacticn
of H with O, Coals with a high O content show an initial
rapid hydrogenation proportional to the O concn., leaving a
residual char, which is hydrogenated slowly. The O groups
in Yallourn brown c¢oal have a behavior similar tc these in
lignin. A unit structure is suggested with 5- and b-membered
rings contg. O and attached to Ce¢Hs rings. Hydrogenatlon of
this structure would use H and produce CHs and H.C 1in the
exptl, observed ratio of 2.3:1%0.65, yieldinpg a stable C-
ring structure which would condense to form the residual non- -
reactive char. . :

3.49 Mechanisms of coal pyrolysis. VI. Reaction pat-
terns 1n the range 650-850°, Lynne I". Neufeld and N. Berko-
witz (Res. Council Alberta,Edmonton, Can.,). Fuel (4383), G1-
202 (1964), cf CA 58, 3240b. Detalled measurements of rates
of water formation in coal chars at temps. in the range 650-
850° are used in conjunction with previously reported data
on H yields, wt. losses, and compn. shifts to establlsh ma-
jor reaction sequences at > 650°, The deminant primary re-
action pattern can be completely described by removal of H
from lamellar perlpheries and pyrolytic deoxysenation, ultl-
mately leading to disenpagement of O as H:0, Other pvrolytic
products evolved from coal chars at >650° e,z. CH, and oxides
of C, appear to result from secondary C hydrogenatlion and
gasification reactions which are basically unrelated to the
~ thermal decompn. of coal. The relevance of these findings
for kinetic studles of coal pyrolysis is dilscussed.

1963

3.50 Studies on the chemical structure of coal. II.
Hydrogeénolysis of bltumlnous coal and humic aclds in the pre=-
sence of the Adkins copper-chromite catalyst. Y. Takegami,
8. Kajiyama, and C. Yokokawa. (Kyoto Univ., Japan). Fuel
42, 291-302 (1963)g¢ cf. CA 57, 7529%. Hydrogenolysis of
Onoura bituminous coal and of humic acids obtained from 1t by
boiling with N HNOs; was carried out with Adkins Cu=-chromite
catalyst. The 0O balances 1n the hydrogenolysls process and
the results of successive oxidn. of hydrogenolysls products
indicate that formation of CeHg-sol. products is due to clea-
vage of C-ether bonds in the coal mol. These products are
closely related to the structural unit of the coal mol.

3.51 Infrared spectra of coal? the absorption band
at 1680 em.~'. Shuya Fujil (Waseda Univ., Tokvo). Fuel 42
17-23 (1963)2 e¢f. CA 57, 14083a. Many causes can be postu-
lated for the very intense absorptlon band near 1600 em.”?
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in the infrared spectra of coal. The contribution of H-
bonded carbonyl groups 1s discussed. Coals were methylated
with Me2S0. or CHazNz2 or reduced with LiAlHs to eliminate H=-
bonded carbonyl groups. The infrared spectra and OMe content
or the carbonyl content of the orlginal and methylated or re-
duced coal were compared. For comparison, o=hydroxyaceto-
phenone, which has a H=-bonded carbonyl group, was alsc re-
duced; the resulting change in the Infrared spectra i1s dis=-
cussed. H-bonded carbonyl groups 1n coal are one of the
causes for the intense band near 1600 cm,”!, but their con-
tribution to the total absorption intensity at 1600 em.”?! is
only about 10-30%, Redn. of coal with LiAlHas 1s difficult in
Bua20 but takes place falrly readlly in dloxane.

1962

3.52 Electrochemical reductlion of ccal. Heinz W,
Sternberg and Irving Wender (U, S, Bur, of Mines, Pltisburgh,
Pa.). U. S, Bur. Mines, Rept. Invest., No. 5943, 10 pp. (1962).
The literature on electrochem, treatment of coal 1s revlewed
and possible avenues for further research in this fleld are
discussed., Electrolytic redn. of finely distributed coal re-
sults in the addn, of as many as 9 atoms of H to 100 atoms of
C. Redn. of coal exts. at controlled potentials indicates
the presence of condensed aromatic hydrocarbons and reducible
guinones in coal. As much as 65% of low-rank coal can be
made alkali-sol., by electrochem., treatment. Higher-rank
coals give smaller ylelds of alkali=-sol, products. The nature
of this reaction 1s not clear., The difficulty of reducing coal
electrolytically is probably due toc the insecly. of the coal
and not to any struectural pecullarity. PRedn, of coal by elec-
trolytically generated radical anions appears te¢ be a promis-
ing approach,

3.5 Chemical and physical study of coals 1In Romanila.
I. Functional groups with oxyegen. Paul Krobl and ITosif Wapg-
ner (Univ. “Babes-Bolyal, Cluj, Romania). Studia Univ, Babes
Bolyal, Ser. Chem. 8(1), 478-86 (1968). The functional groups
{CCOH, acid and nonacid OH, and CO) of 5 1lndigenecus coals of
different degrees cof metamorphosis were studled. The coals
examd., were: lustrous brown coal Codlea (Lower Jurassic,
Liasic), brown coal Petrila (Lower Neogene, Aquitanian), bitu-
minous coal Lupenl (Lower Neogene, Aquitanlan), gas coal Lu-
peni (Lower Neogene, Aquitanian), and fat coal Secul (Upper
Carboniferous, Stephanian), The coal samples were kept under
water, finely ground, dried in an ilnert gas atm. (CH.) at 100-
110°, and finally screened, The results showed that the
COOH and .phenolic OH were most sensitive to changes 1lnduced -~
by metamorphosls, since these groups disappeared almost com=-
pletely in coals with the most advanced degree of metamorphosis.
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The CO group showed a higher resistance to geochem. factors.
The % nonreactive O also decreased with increasing derree of
metamorphosis, but the ratio of nonreactive 0 to total C
increased with the depree of metamorphosis. This was iInter-
preted by assuming that, with increasinr coal metamcrphosis,
the O entered into aromatic rings, forming heterocycllc bonds,
and that simultaneously the ultrafine capillarity of the coal
was destroyed gradually, so that accessability to the rea-
gents was diminished., By assiegning hypothetical formulas to
the 5 coal mols. {CeoHi303;, CsoHueO6,C52Has0s, CsoHu204, and
CaoHa10s) and comparing them with the % at. COOH content, the
5 mols. contained 1, 0.5, 0.34, 0.25, and 0,12 COOKE mrcups,
resp., thus confirming the increasing aromaticity of the coals
with increasing metamorphosis and the increasing size of these
mol. units, since fractions of functional groups cannot exist.
17 references, '

3.54 The assignment of the 16C0 em.”™' band in the in-
frared spectrum of coal., H. 8, Rao, P. L. Gupta, Vrs. F.
Kaiser, and A. Lahiri Central Fuel Res. Inst., Jealgora, Bilhar
India). Fuel 41, 417-23(1962). The infrared absorpticn spec-
tra of Jambad-Bowlah coal and its HCONMe. ext. were examd. in
the range of 5000 to 670 em.™!. Both the coal and the ext.
were reduced by treatment with L1A1Hs in ether soln. Com—
parison of the spectra of the reduced materials, as well as
the residual products on carbonizing the coal and the origi-
nal ext. to 490°, does not favor the asslgnment of the intense
1600 cm.~* band principally to carbonyl. An interpretaticn
of the vibrational spectrum has been made on the basis of a
polynuclear condensed aromatic nucleus, the aliphatic molety
being made up prineipally of CH: rings, The evlidence indi-
cates the presence of 2 types of OH groups, one more stronely
H bonded than the other. The spectra also suggest the pre-
sence of small amts. of CO located in structural envircnments
that cause frequency-lowerine effects. The spectreoscopic da-
ta do not favor the hypothesis of completely satd. structures
involving many tetrahedral C-C bonds over the polynuclear
condensed aromatic structure concept.

: 3.55 Oxygen groups in Donets Basin coals, Sfamir Sarkar
(Tndian Inst. Technol., Bombay). Fuel 41, 206-8 (1962).

The Donets Basin in the U,S,S.R. contains bitumlncus coals

of rank varying from that of a long-flame coal to that of a
semi-anthracite and even an anthracite. Samples of these

coals were analyzed for O=contg. functional sroups. COzH
groups were detd, by ion-exchange by using Ba(OAc)a2. OH
proups were detd. by acetylatilon with Aca.0 and anhyd. NaCAc.

CO groups were detd, by reactlon with phenylhydrazine. I2e-
sults for 5 coals are presented together with their ultimate
analyses and volatlle-matter contents. The content of O-conte.
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funetional grcoups decreases with incerease 1in coal rank. Car-
bonyl ¢ falls with increase in rank of coal, but 0,1% 1is nre-
sent even in coals contg. 90% C. Hydroxy O falls rather
sharply from 6.8% to 1.3%, but then slowly decreases to 0.6%
for the lean caking coal. Graphs are glven for the variation
of the ratioc of OH O to total C with changes 1in C content of
the coal.

3.56 Ring analysls and spectral characterization of
resins from pitch of low=temperature tar. C. Karr, Jr., J.
7. Comberiati, and Patricia A. Estep (Bur. of Mines, Morgan-
town, ¥W. Va.). Fuel 41, 167-76 (1962). The resins from
the piteh of lignIfe and subbituminous and bituminous low-
temp. tars were characterized by ring analysis, infrared
spectra, and ultraviolet spectra, The resins were found
to be basically aromatic compds., all having 4 or 5 aromatic
rings per mol., these being mostly 1solated slngle aroma-
tic rings and some clusters of 2 fused aromatic rings.

Satd. rings, possibly including ether groups, are also fused
into the hydrocarbon skeleton. The lower-mol.-wt., resins ap-
parently have a linear arrangement of rings with 1 or 2 satd.
rings in addn. to the aromatic rings. The higher-mol,-wt.
resins apparently have a globular or compact arrangement of
rings with 5~7 satd. rings in addn. to the aromatic rings.

The resins have 2-6 O atoms per mol. Phenollc OH groups

are present and probably account for most of the 0O, CO groups
are also present, they are conjugated with elther aromatic
rings or clefinlic groups or both. The OH and CO groups are
not on adjacent C atoms and the CO group 1s probably not qul-
noid. Most aromatlc rings have at least 2 substituents,

these are mostly either Me groups, fused satd. rings, or both.
Alkyl substitution 1s greater for the lower-mol,-wt, resins.

1961

3.57 Chemical and petrographic character of the products
of hydrogenation of fusaimized mlecrocomponents. D. T. Zabra-
mnyl and S, Nasritdinov., Izvest, Akad., Nauk S.S,S.R., Otdel,
Teknh, Nauk, Met. i Toplivo 1861, No. 5, 1449, The hydro-
genation of rusainized microcompenents (I) was studied on a
hand-picked sample of Angren brown coal contg. fusain 62,
semifusain 8, xylite 8, and vitrain 2%, The hydroeenatlion was
carried out in a rotating autoclave, heated elec., at 360, 380,
400, 425, and 450° for 8 hrs. Redn. depolymerization, occur-
ring durlng hvdrogenation of I, causes the transformation of
fusain to semifusain and then teo xyllite., With further depoly-
merization, the T lose thelr cellular structure and become
amorphous. Simultaneously their reflectivity becomes identi-
cal to that of vitrainized substance. Thils process 1s accom-
panied by the formatlion of sol. hydrogenated material and, to
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a certain degree, by condensation and formatlon of products
having an increased reflectivity. The xylife structure is
not restored during condensaticn. With increased depgree of
hydrogenation of I, the chem. properties of the insol. nhy-
drogenated material become simlilar-to those cf the coal and;
after hydrogenation at 450, become identical to those of

lean coals with respect to volatlle matter and elemental compn,
Fusains of brown coals hydrogenate easily because they con-
tain a large amt. of nonreactive C, 70%Z of which is hydroly-
zable, Fusalns of higher-rank coal hydrolyze with difficulty
or not at all because they contaln 1little 0, thls O is
chiefly in carbonyl groups.

1960

3.58 Ether oxygen in coal. J. N. Bhaumlk, A. K. Muk-
herjee, P. N, Mukherjee, and A, Lahiri (Central Fuel Res.
Inst., Dhanbad, India). Am. Chem, 2oc., Tiv., Gas T'uel Chem.,
Preprints Sept. 1960, Vol, 1, I13~-I16. Ether C present In
coals of different rank has been est. by HI treatment, The
major fractlon of unreactive O in coal is present In etner
combination. Low-rank coals are characterized by the pre-
sence of mixed ethers.

1959

3.59 Chemical constitution of coal, C. Yokokawa, S,
Kajiyama, Y. Watanabe, and Y. Takepami (Unlv. Kyoto, Japan).
Proc. Symp. Nature Coal, Jealgora, India 1959, 194-202. The
N HNOs oxidn, of 30 model substances shows that selective
oxidn. occurs at H-rich positions in coal. The properties
of 12 derivs. of humle acids regenerated from bituminous
coals are described. The humic acid unit is considered to
have a mol, wt, of 600 and cne ether linkare, corresponding
to a condensed aromatic structure of 3 or 4 rings.

3,60 Brief examlnation of the relation between inter-
nal surface and functional eroup measurements of coals. I.
G, C. Dryden. Proc, Symp. Nature Coal, Jealgora, India 1959,
112-18. The surface area of coal was crit. examd., and the
possible influence of functional groups on this area was evalu-
ated, Biltuminous coals have sp. internal surfaces in the range
of 30-100 sg., m./g., sltuated almost entirely in the ultrafine
capillaries of widths <40 A, and accessible only through con-
strictions of widths 5«8 A. The heat evolved on wetting a unit
surface increases by a factor of up to 4, and adsorption per
unit of surface in equiv. condltions also lncreases along with
the content of accessible O-contg. groups if the liguid or
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vapor mols. are polar. Chem, methods for estg, reactive O
groups are chiefly detd, by the chem, nature of the reagent
and the reaction conditions employed; here, mol. sieve ef-
fects are of secondary importance. Of the O In bitumlnous
coals, 70-90% occurs as OH and quinone grouvs, the former
probably exceeding the latter except in coking- and higher-
rank coals. Phys, methods for estg. O groups are unsatis-
factory.
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