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Thete are two theories concerning the origin of natural coal [1].
That of Bergius [2] suggests that cellnlose is the primary substance in
the coalification process; the ofher maintains that coal has been formed
doe o some action of temperature and pressure on lignin (Flecher and
Sehrader [3]). The latter view 15 not generally prevailing.

In one of our earlicr papers [6] weo noted that the infra-red spectrum
of & relatively young brown coal showed a group of bands charaoteriztic
of celluloss, unlike the spectra of older coals. The work now pregented
& an attempt of following the process of artificial earbonization of
eelluloge by examining the absorprion spectrn of the prodncts of car-
binisation.

Experiments were made with cotton. linters {989, a-cellulose) and
wood cellulose (969, a-cellnlnse), 80 48 to eliminate accidental errors and
to make sore of & general character of the changes. Since the process
of thermal decomposition was carried out in a slow flow of nitrogen under
reduced or atmospherie pressure, the volatily products were removed and
2 elearer picture of carbonization conld be obtained; also eventunl pressurs
¢ffect might he traced. The proeess run under higher pressuro, Ln. in
conditions more resombling those of natural coalification, will be the
snhject of further investigation,

Experimenial

Tlres gerles of experiments woeee made: two with sotton lnter (under 18 mm Hi
pud sfmospheria prossure) asd ong with wood celluless {onder 16 mm Hp pressure).
4 g zumples of the mbatenoe wore placed in o ginss tobe of 26 mm in dismeter, heated
in mn dleebris furnsss to-a definits temperabure with +£2°C devistions, Mitrogen wis
plowly drawn through' fiw fobe inconder 10 aveld sombustlon of the satwple, and L
ramora the volstile products of desomposition. Inside the tube either atmospherio or
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15 mmn Hg preesure was maintalped. The beating of the ssmples was conbinoed ot
a consbonl texsperabore ot oo furiler decompasition could be detected, i, 0 no mom
ganegun products wers evelved and (in o spocinl series of experiments) o constant welghe
of the pamples was attaiped. Two bouwrs were sulfiddent bo obeain fhis stage, Eoch
serien of experiments involved hesting the snmplos ot differont tomporatores within
the mange of HG-575°0,

Therenfier, elementary aualysis of each samphe was porfermed, The rosalts are
wiven iu Tubles | aod 1l The losses in fhie weight of the ssnples aee plobted againsk
ihe temperatare in g, 1, Bhe van Krevelen djagram gag&:‘nat 2 l& sbown 1w Fig, £,

The intru-red spectra of the carbonized samples were measured in o Hilger
R0 double-boam  reconding speetrometer willh sodium  chloride opties, Nujol mulls
iratlo 50h&0) of the samples wers ssed as Ehin filme, The mmge of monsurement was
45— 700 eam T, Uhe spectra are given in Plg. 2; the oorved are acbsequontly shifted
up in the absorption seale b0 avoid overcrowding, The bond fregueneies are fobed n
Uables I1T wndd 1V,

Dhiscussion

There s 4 considerabile increase of losses in the weight of both cotton
linters and wond eelluloss near 300°C (Fig. 1), The rise of the corye,

Lard i weghl o caron

0w
Eﬁ]
= v
<

s
Bl

1 1 i I

W W W e ow

Fig. |

elightly more pronouneced for the experiments under redoced pressure,
8 very sharp in each case. The van Krevelen dingram (Fig. 3) shows

that there s a large decreare of the atomic ratios % uud% when pasaing

through o narrow range of temperature about 300°0, The direction uf
the curve suggests that dehydration of the samples should ocecur. Thess
Facts point ont that some essential changes in the strocture of cellulose
must take place afier a certain oritionl tempernture has been reached.
A more detailed picture of the changes can he obtained from the infra-
red spectrs,

Bince the results of the infricred analysis ave nearly identical for all
the series of experiments, the disenssion continned below involves them
ue a whole.
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The spectra of the samples decomposed below 300°C do not differ
greatly from each other and are much the same as the speetrum of non-
carbonized cellulose. The strong and broad band near 3300 em~! is charac-
teristic of hydrogen-honded hydroxyl groups, and the group of strong
bands: 1155 em~!, 1105 em~, 1030 em~!, 1025 em~! and 900 em~! is most
probably due to C—OH and C—O—C vibrations of hydroxyl groups and
acetal type linkages in cellulose [4]. These bands remain almost unchanged
at temperature np to 300°C. The only characteristic change in this range
of temperature is observed with the band at 1640—1635 em~!, which
gradually weakens and finally disappears above 275°C. As it was shown
by some of us [4], the band should be attributed to the O—H deformation
vibration of the water bound in carbohydrates. If is an interesting fact
that such water shonld still be present in cellulose at the temperature as
high as 275°C, cven under reduced pressure.

Essential changes in the spectra oceur on passing the temperature
of 300°C. The hydroxyl band at 3300 ¢cm~* rapidly weakens, and so does
the group of bands between 1155 and 900 em-1. Only traces of them can
he observed at higher temperatures and even these disappear above 400°C.
The band at 1635 em~! (that due to the bound water) is no more present
at 300°C, but two other bands, 16935 and 1600 em~!, appear in this region.
The former is characteristic of the C=0O stretehing vibration of carbonyl
groups. It is observed in the spectra throughout the whole range of
300—-575°C, its maximum intensity falling at 320—370°C. The latter band
(1600 em~!) should he assigned to the skeletal vibrations of aromatic
rings. Its intensity reaches maximnm at ¢, 370°C and then decreases,
but the band is still observable at the highest temperature nsed. The
frequency of the band gradually shifts from 1600 em—' at 300° C to
1570 em~t at 575°C. Similar behaviour of this band is noted in the spectra
of natural coals, going from brown coal to anthracite [5]. The other bands
that appear in the spectra of the samples decomposed at above 300°C
are those at 880—870 and 805—800 emi~t. They c¢an be assigned to the
aromatfic C—H out-of-plane vibrations. Finally, it shounld be noted that
the background level in the speetra rapidly rises in the region of 300—330°C
and then slowly goes up until an overall shape of absorption like that
in the speetrum of anthracite is obtained.

Conclusions

It is evident from the spectra that the change of the structure of
cellulose leading eventually to the formation of coal-like substance begins
ati 300°C. Below this temperature only the bound water is removed from
cellulose: the basic aliphatic strneture remains intact under these con-
ditions. Rapid changes start at somewhat below 300°C. The process is
formally dehydration (see the van Krevelen diagram on Fig. 3), but the
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spectra ahow That it s & quick aromatization of the former aliphatic strue-
ture, This intermediate stage ends at 330°C, and then only slow changes
take place with inereasing temperature. 1t can be deduced from (he
absorption curves, which approach ever closer to the infra-red spectrum
of graphite as the temperature i= raised, that conden=ation of aromatic
rings into lavger systems is the madu proeess of temperatnres 33057560,

So far po particular convlesions can be drawn on the possible pressure
vifects, but we hope that a series of experiments carried out nnder higher
pressure will solve the problem. Buch experiments will be nndertaken
in the near futnre.

The authors are mdebted to Professor E. L. Hirst, F. K. 5 for bis
belpful disensgion of the resnlle,

The paper was read at the meeting of the Chemical Section of tha
Folish Academy of Sclences on May 4, 1959,

LABOHATORY OF DROANIC SYNTHESLS, POLISH ACADEMY OF SCIENCES
IZAKLAD SYNTEZY ORCGANICENET PAN]

DEFABTHMERT OF OROANIC TECHMNOLOGOY, WARSAW TRCHMICAL UNIVEREITY
(KATEDRA TECHNOLOGH ORGANICINE], FOLITECHMIKA, WARSZAWA)
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