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This work is a. con t inua t ion of our studies on coal i f ica t ion [1], 
[2], So far, Ave have examined the infra-red spectra of a series of na tu­
ra l coals [11, a n d also the spectra of carbonized cellulose [2]. Since l i g n i n 
is considered to be one of the substances f rom which most p robab ly coal 
has developed, i t should be interest ing to fol low the ar t i f ic ia l ca rboni ­
za t i o n of l i gn in as it appears in infra-red absorpt ion spectra. 

Experimental 

3 g samples of lignin were placed in glass tubes of 20 mm diameter, heated in 
an electric furnace to a given temperature within the range of 1 2 5 - 5 7 5 ° ( ± 2 ° C ) . The 
experimental conditions were I lie same as described in our previous work on carboniza­
tion of cellulose [21. 
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• » 125 0.12 4.(1 66.14 5.38 28.43 0.05 * 1 0 " » . 75^3-25 0.975 0.325 
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The carbonized .samples were subjected to elementary analysis aud thou 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 Fig. 3. The spectra were examined in a Hilger 800 double­
ts 

beam recordmg 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 I I . 

As can lie seen i n b'ig. 1. the rate of increasing losses in 1 he weight 
of the samples is highest w i t h i n the range of 3 0 0 - 3 5 0 ° C. The rise of the 
curve is not so sharp as i n the case of cellulose [2], ye t i t is r ead i ly ob­
servable. 

I t should be noted that changes i n the samples start at a t e m ­
perature as l ow as 125° 0. There is o n l y l i t t l e difference between the 
curves for experiments under reduced pressure and for those under at­
mospheric pressure. 

Changes i n the spectra of the samples were observed throughout 
the whole range of temperatures used, bu t they were most pronounced 
at 2 7 5 - 3 7 5 ° C . 

The b r o a d and strong band near 3200—3300 c m - 1 i n the spectrum 
of non-carbonized l i g n i n is character is t ic of the O — H stre tching v ib r a t i on 
of hydrogen-bonded h y d r o x y l groups. Since the o n l y strong b a n d i n the 
region 1300—1000 c m " 1 was tha t a t 1265 c m - 1 , the h y d r o x y l s were most 
p robab ly of phenol ic type . The 3300 c m - 1 band begins to weaken at 205° C 
and comple te ly merges w i t h the b a c k g r o u n d at 2 7 5 ° C . T h e s t rong 
1265 c m - 1 b and (assigned to the C — O st re tching v i b r a t i o n i n phenolic 
hyd roxy l s and aromat ic ethers) weakened at 2 4 5 — 3 2 5 ° C ; o n l y traces of 
i t were present i n the spectra at higher temperatures. 

The b a n d at 1695 c m - 1 , of m e d i u m in tens i ty , is assigned to the C=(> 
s t re tching v i b r a t i o n of c a r b o n y l groups. I t disappeared f r o m the spectra 
above 325° C . I t is in teres t ing to note tha t the same b a n d was s t i l l preseni 
i n the spectra of carbonized cellulose a t m u c h higher temperatures [2] . 
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Skele ta l v ib ra t ions of a romat ic rings i n l i g n i n gave rise to the strong 
b a n d at 1595 c m - 1 . I t remained strong up to 325° 0 , then weakened and 
underwent a shift towards lower frequencies. Th i s shift (from 1595 to 
1570 c m - 1 ) was the same as i n the spectra of carbonized cellulose and i n 
the spectra of coals arranged i n order of increasing carbon content. I t was 
most p robab ly due to condensat ion of a romat ic r ings in to larger uni ts . 

There are m a n y weak bands i n the spect rum of l i g n i n w i t h i n 
1 2 0 5 - 8 0 0 c m - 1 . Some of t hem (1140, 1075 and 1030 cm" 1 ) m igh t be 
a t t r ibu ted to var ious C — O stretching v ibra t ions of a lcohol ic h y d r o x y l s 
and a l ipha t i c ether l inkages ; they disappeared at temperatures above 
3 2 5 ° C . Those at 850 and 810 c m - 1 should be assigned to the C — H out-
of-plane v ibra t ions i n aromat ic systems and they were present i n a l l 
the spectra. 

Conclusions 

The da ta ob ta ined po in t out tha t t h e r m a l carboniza t ion of l i g n i n 
begins at a temperature s l igh t ly over 200° C, ye t the changes are slow 
up to 300° C. The process further speeds up w i t h i n a nar row range of 
temperature (300—350° C) , most of the oxygen-conta in ing group being 
removed f rom l i g n i n at this stage. Subsequent ly the carboniza t ion slows 
d o w n and most p robab ly involves the condensat ion of a romat ic r ings. 

The changes are not so r a p i d as d u r i n g the carboniza t ion of cellulose, 
nor are the losses i n weight so large. T h i s can be easi ly understood since 
un l ike cellulose l i g n i n has a h igh ly aromat ic character. 

The authors are m u c h indebted to D r . I r w i n A . P e a r l , Inst i tute 
of Pape r Chemis t ry , A p p l e t o n , Wiscons in , U . S. A . for supp ly ing a sample 
<>f l i g n i n and to Professor J . K . N . Jones, P . B . S. for his useful in fo rmat ion . 

The paper was read at the meet ing of the Chemica l Sec t ion of the 
P o l i s h A c a d e m y of Sciences o n M a y 4, 1959. 
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