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This work is a continuation of our studies on coalification [1],
[2]. So far, we have examined the infra-red spectra of a series of natu-
ral coals [1], and also the spectra of carbonized cellulose [2]. Since lignin
is considered to be one of the substances from which most probably coal
has developed, it should be interesting to follow the artificial carboni-
zation of lignin as it appears in infra-red absorption spectrs

Experimental

3 g samples of lignin were placed in glass tubes of 26 mm diameter, heated in
an electric furnace to a given temperatnre within the range of 125—575° (+2°C). The
¢xperimental conditions were the same as described in our previous work on carboniza-
tion of cellulose [2].

TABLE I

Results of analysis. Lignin under 15 mm Hg pressure

-t I Losses Analysis ' Formnula i
N"i l‘:“.fl" in weight | -:__ H ()__ A:h_? referred i_l ‘ ?
; < | & | % | % | ¥ ‘ % ’ % | Gy ‘ ‘
| |
1 inOll-CdlhOniz(-(] 0 | 0 ’64-.64| 5.27 ';0()4' 0,05 | Cyll,404, 0.98 | 0.35
2 125 0.12 | 4.0 | 66.14 ‘ 5.38 | 28.43 | , 0.05 ] CroHp.7504.05 | 0.975 | 0.325
3 | 205 [ 0.28 | 933 672 | 455 (2819 | 0.06 | C (,H,, 120415 0.812!0..;13
4 245 0.32 [ 1067 | 68.2 | 4.63 | 27.11 | 0.08 | C;oHg 4000 | 0.818 | 0.208
5| 275 | 052 | 17.33 | 68.6 | 4.55 -26.79! 0.06 | ( loH. 6r00e | 0.797 | 0.292
6 325 0.84 | 28.05 | 70.9 4.23 | 24.8 WI 0.07 CroHi5006s | 0715 | 0.263
7 375 | 1.28 (427 | 726 | 3.82 123491 009 | CyHe0,0,0 | 0.631 | 0.243
8 425 146 | 487 | 722 | 3.1 | 1899 | 0.10 | C,H,..0,. |0.578 | 0.186
9 | 475 1.50 | 50,0 | 8O.1 | 3.39 | 16.41 | 0.10 | (,,,H‘, 0,‘0, s | 0508 | 0.153
10 515 D160 | 534 847 | 320 12020 001 CuH, 0000 0455 | 0.106
i 575 | L62 | 545 |89.7 | 3.62 6.57 | 001 | Ol 060, 0485 L0074
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The carbonized samples were subjected to elementary analysis and then their
infra-red spectra were measured. The results of analysis are given in Table I, and the

plots of losses in weight are shown in Fig. 1. In addition, the van Krevelen diagram —

against % is presented in Iig. 3. The spectra were examined in a Hilger 800 double-

beam recording spectrometer with sodium chloride optics, using Nujol mulls (ratio 50:50)
of the samples as thin films. The range of the measurements was 4500—750 cm ~*. The
absorption curves, given in Fig. 2, were subsequently shifted upwards in the absorption
scale so as to avoid overcrowding. The band frequencies can be found in Table II.

i Loss in weight of lignin
60 - Bmm Hg
9 - tmospheric
8 0 pressure
'.S *
* wi 4
1 | i 1 ! | »
0 100 200 300 200 506 600 40p
Fig. 1
Discussion

As can be seen in Fig. 1, the rate of increasing losses in the weight
of the samples is highest within the range of 300—330°C. The rise of the
curve is not so sharp as in the case of cellulose [2], yet it is readily ob-
servable.

It should be noted that changes in the samples start at a tem-
perature as low as 125°C. There is only little difference between the
curves for experiments under reduced pressure and for those under at-
mospheric pressure.

Changes in the spectra of the samples were observed throughont
the whole range of temperatures used, but they were most prononnced
at 275—-375°C.

The broad and strong band near 3200—3300 cm~' in the spectrum
of non-carbonized lignin is characteristic of the O—H stretching vibration
of hydrogen-bonded hydroxyl groups. Since the only strong band in the
region 1300—1000 cm-! was that at 1265 ¢cm~?, the hydroxyls were most
probably of phenolic type. The 3300 cm-* band begins to weaken at 205°C
and completely merges with the background at 275°C. The strong
1265 em=! band (assigned to the C—O stretching vibration in phenolic
hydroxyls and aromatic ethers) weakened at 245—325°C; only traces of
it were present in the spectra at higher temperatures.

The band at 16956 em™, of medium intensity, is assigned to the C=0
stretching vibration of carbonyl groups. It disappeared from the spectru
above 325°C. It is interesting to note that the same band was still preseni
in the spectra of carbonized cellulose at much higher temperatures [2].
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Skeletal vibrations of aromatic rings in lignin gave rise to the strong
band at 1595 cm~. It remained strong up to 325°C, then weakened and
underwent a shift towards lower frequencies. This shift (from 1595 to
1570 cm~!) was the same as in the spectra of carbonized cellulose and in
the spectra of coals arranged in order of increasing carbon content. It was
most probably due to condensation of aromatic rings into larger units.

There are many weak bands in the spectrum of lignin within
1205—800 cm~!. Some of them, (1140, 1075 and 1030 cm~') might be
attributed to various C—O stretching vibrations of alcoholic hydroxyls
and aliphatic ether linkages; they disappeared at temperatures above
325°C. Those at 850 and 810 cm~ should be assigned to the C—H out-
of-plane vibrations in aromatic systems and they were present in all
the spectra.

Conclusions

The data obtained point out that thermal carbonization of lignin
begins at a temperature slightly over 200°C, yet the changes are slow
Up to 300°C. The process further speeds up within a narrow range of
temperature (300—350°C), most of the oxygen-containing group being
removed from lignin at this stage. Subsequently the carbonization slows
down and most probably involves the condensation of aromatic rings.

The changes are not so rapid as during the carbonization of cellulose,
nor are the losses in weight so large. This can be easily understood since
unlike cellulose lignin has a highly aromatic character.

The authors are much indebted to Dr. Irwin A. Pearl, Institute
of Paper Chemistry, Appleton, Wisconsin, U. S. A. for supplying a sample
of lignin and to Professor J. K. N. J ones, F. R. S. for his useful information.

The paper was read at the meeting of the Chemical Section of the
Polish Academy of Sciences on May 4, 1959.
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