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The action of alkal i  on lignin and the c h e m i s t r y  of the p r o c e s s e s  taking place  under  these  conditions 
a re  t rea ted  di f ferent ly  by different  authors  [1-12]. Many a s sume  that the p r o c e s s e s  may  take place by an 
ionic mechan i sm.  In some pape r s  [10-12] the p r o c e s s  of alkaline delignification is considered as complex,  
taking place with the par t ic ipa t ion  of f ree  r ad i ca l s  which have been detected by the EPR method.  The addi-  
tion of sulfur  and of ionol ( 2 ,6 -d i - t e r t - bu ty l -p - c r e so l )  d e c r e a s e s  the magnitude of the EPR signal in the 
products  [12]. The EPR signal in lignins i so la ted  by means  of a lkal i  is cons iderab ly  higher  than that in 
lignins obtained by mild methods  [13]. This  shows that under the action of a lkal is  on lignin homolyt ic  p r o -  
c e s s e s  take place  as  well  as he tero ly t ic  ones.  

In our  opinion the dec is ive  role  in the appearance  of homolyt ic  p r o c e s s e s  is  played by quinoid s t r u c -  
t u re s ,  whose p r e s e n c e  in natura l  lignin has  been shown by Freudenberg  [14], in b iochemical  lignins by 
Chudakov [15], and in technical  l ignins by a number  of authors  [16]. Quinones, being e lec t ron  accep to r s ,  
a re  capable  of removing  e lec t rons  f rom hydroxyl  ions and convert ing them into hydroxyl  r ad ica l s .  The 
high reac t iv i ty  of hydroxyl  r ad i ca l s  i n t e r f e r e s  with record ing  them by physica l  methods.  Btyumenfel 'd  et 
al .  [17] have shown the i r  p r e sence  by an indirect  method. Consequently,  in alkaline solution the reac t ion  
OH- + A - - O H  + A- ,  leading to homolyt ic  p r o c e s s e s ,  may  take place .  Since the hydroxyl  r ad ica l  is a power -  
ful oxidizing agent,  i ts  p r e s ence  mus t  lead to the appearance  of oxidative p r o c e s s e s  in the sys t em.  In 
o r d e r  to find out whether  s i m i l a r  p r o c e s s e s  take place in the action of a lkal is  on lignin, we p e r f o r m e d  the 
hydro lys i s  and hydrogenolys is  of hydrolyzed technical  lignin f rom cotton husks  and i ts  models  in an aque-  
ous alkaline med ium and studied the reac t ion  products .  The yield and composi t ion of the soluble products  
change with va r i a t ions  in the conditions of the p r o c e s s ,  the m a x i m u m  amount of soluble products  being ob- 
tained by hydrogenolys is  (Table 1). The composi t ion of the phenolic f rac t ions  f r o m  these expe r imen t s  was 

TABLE 1. Yield and Composit ion of the Soluble P roduc t s  under  
Various  Degrada t ion  Conditions 

" I . . . . . . .  I Group comp. of the 
~rocess ]g~em or solumesj/o ether solubles, % 

Components of ~o cond,,T . . . . . .  I ~ - -  
No. I a c e -  "c, , h l  . ,~oneleth~ / ,  ,I . heu~al the mixture 

' / t o t a l  i sol- I sol-~pneno~ ac ins / .  
t I _uble ! uble { / ~uDstances 

CottOnNaoHlignin 1~ } 

Cotton lignin 100 
N a OH 30 

Phenol ~ I  
Water 3 

Cotton lignin 100 | 
NaOH 15 / Phenol 20 

C o S  2,0 
Water ,~.00 

350;1 

350;2 

360;2 

30.4 6,70 

42,4 2,70 

69,5 112,50 

23,701 
! 

38,18 

1 I 
57,00 

9,12 4,5~ 

13,38 9,3C 

28,61 11,17 
[ 

10,02' 

15,50, 

17.22 

Note. In ca se s  where  phenol was added the added phenol is deducted 
f r o m  the yield.  In exper iment  3 the initial hydrogen p r e s s u r e  was 100 arm. 
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TABLE 2. GLC of Phenol F rac t ions  
f r o m  Cotton Husk Lignin Obtained under  
the Conditions of Table 1 (Apiezon L, t 
200°C) 

[Relative 
Substance retention 
determined [time 

Phenol 
o-Cresol 
m- and p-Cresols 
Not identified 
o- Ethylphenol 
2,5- X ylenol 
3, 5- Xylenol 
p- Ethylphenol 
Not identified 
Not identified 
3,4-Xylenol 
Pyrocateehol 
Not identified 
Hydroquinone 
~- Prgpylguaia.eol 

ot iclenfifiecl 
Not identified 

1,0 
1,3 
1 , 4 3  
1,77 
1 , 8 0  

2,15 

2,30 
2,52 
2,70 
3,20 
3,52 
3,60 
4,10 
4,44 
5,86 

Mixture in Exp., % 

I 2 3 

6,1 27,0 38 
II,6 15,4 13,8 

- -  21,0  I I , 9  
- -  5,2 

12,4 8,0 12,5 

16,0 l1,2 

19.1 -- 
23,2 - -  

- -  6,4 
3,4 

15,9 2--0 
9,4 0,8 
2 , 3  -- 

3,2 

2 , 9  

1 , 3  

studied. When aqueous alkal i  acted on cotton husk tignin, the 
chromatographab le  par t  of the phenolic f rac t ion  (Table 2, Expt. 
1) contained 15.9% hydroquinone.  If  the action of alkal i  is c o m -  
bined with the action of phenol (Expt. 2), the amount of hydro-  
quinone fal ls  to 2%, but catechol  appea r s  s imul taneous ly  in the 
mix tu re .  On hydrogenolys is  (combined action of alkali ,  phenol, 
and hydrogen) no dihydric phenols  appear  in the phenolic f r a c -  
tion. We have found hydroquinone p rev ious ly  [18] in the neutra l  
product  f r o m  the hydrogenolys i s  of technical  spruce  and cotton 
l ignins.  The p r e sence  of hydroquinone in the phenolic hydro ly-  
s is  f rac t ion  and the neut ra l  hydrogenolys i s  p roducts  conf i rms  
the hydroxylat ion of the a roma t i c  nucleus ,  s ince hydroquinone 
is  not p re sen t  in the s t ruc tu ra l  f r agmen t s  of lignin and can 
a r i s e  only as a resu l t  of a hydroxylat ion reac t ion .  

The c h a r a c t e r i s t i c s  and behavior  of the model  sub-  
s tances  in the hydrogenolys i s  p r o c e s s  is  also informat ive ;  
under  the act ion of alkal i  in a reducing med ium acids a re  
fo rmed  in addition to phenols .  The yield of phenols in the hy-  
drogenolys is  of 1 - (4 -hydroxypheny l )p ropan- l -one  is 83.7% and 
the yield of acids is  16.3%, while in 1 - ( 4 - h y d r o x y - 3 - m e t h o x y -  
pheny l )p ropan- l -one  the yields  of phenols,  ac ids ,  and neut ra l  

subs tances  a re  5.5, 49, and 45.5%, r e spec t ive ly ,  i .e . ,  acids  a re  fo rmed  in both cases .  The phenolic f r a c -  
tion f r o m  1 - (4 -hydroxypheny l )p ropan - l -one  was found (by the GLC method) to contain 64% phenol,  7% o- 
c r e so l ,  8.5% m -  and p - c r e s o l s ,  3.5% p-ethylphenol ,  11% p-propylphenol ,  and 6~c of an unidentified compound. 
Eighty-f ive  pe rcen t  of the acids  were  dis t i l led off (the remain ing  15% being accounted for  by the res idue  in 
the f lask  and losses ) .  The dist i l lat ion products  contained 99.5% propionic acid,  with acet ic  acid as  an i m -  
pur i ty ,  and 0.5% of a mix tu re  of p -  and o-hydroxybenzoic  acids .  The nature  of the products  fo rmed  once 
again con f i rms  the exis tence  of oxidative p r o c e s s e s  in the p r e sence  of aqueous alkali  even in a reducing 
med ium (hydrogenolysis) .  This  p r o c e s s  cons is t s  of hydroxylat ion of the a -  and g - c a r b o n  a toms  of the 
propane  chain with subsequent c leavage of the bond between the nucleus and the al iphatic  chain or  between 
the a -  and /3-carbon a toms  of the chain. F o r  example ,  in the hydrogenolys i s  of the 1- (4-hydroxyphenyl ) -  
p r o p a n - l - o n e  model  we showed the fo rmat ion  of p roducts  whose p r e sence  can be explained by hydroxylat ion 
r eac t ions .  

COOH CO - CH~CHa 
I [ 

CH3COOH + ~ t t  ___dH q-CH~CH~COOH. 

N,// \ / /  \ / /  
, I I 

OH 01 t OH 

The low yield of phenols (5.5%) and the high yield of acids (49%) in the hydrogenolys is  of 1 - (4 -hydroxy-  
3 -me thoxypheny l )p ropan- l -one  in a reduct ive  medium,  in compar i son  with the yield f r o m  1- (4 -hydroxy-  
pheny l )p ropan - l -one ,  shows that  m o r e  extensive oxidative p r o c e s s e s  take place in this  case  due to the pos -  
sible fo rmat ion  of o-quinoid s t ruc tu r e s .  Aliphatic acids ( formic,  acet ic ,  and Pr0pionic) compr i s e  40~c of 
the acids .  Aroma t i c  hydroxy acids a r e  decarboxyla ted  to phenols during dist i l lat ion.  P a r t  of the acids  is 
found in the f o r m  of humic acids .  In the (4 -hydroxy-3 -me thoxypheny l )p ropan- l -one  model  the l o s s e s  and 
stil l  res idue  amounted to 19.3% of the total  acids .  The guaiacylpropane  units can reac t  with the c leavage of 
the a roma t i c  nucleus in the following manner :  

R R R 

\ / / \  \ / ~  c \ 
I OCH a [I O !l \ OH 

OH O O OH 

In this case ,  the d i rec t  hydroxylat ion of the a roma t i c  nucleus t akes  p lace .  
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We did not find e i ther  muconic or  male ic  acid in the oxidation product .  The p re sence  of butyr ic  and 
caproic  acids in the acid products  of the hydrogenolys is  of lignin shows that the main  route for  the i r  ap p ea r -  
ance is the c leavage of the a rom a t i c  r ing [19]. 

To conf i rm the poss ib i l i ty  of decarboxylat ion of the hydroxyaromat ic  acids ,  we ca r r i ed  out the hy-  
drogenolys is  of p-hydroxybenzoic  acid (Table 1, conditions of Expt. 3). The total  yield of e the r - so lub le  
products  amounted to 70%, compr i s ing  85.7% phenols and 14.3% acids (no neutra l  products  were  found in 
this case) .  The main phenolic product  was phenol i t se l f  (99%), with only 1% of o-  and p - c r e s o l s .  The c o m -  
posi t ion of the acids was not studied. This  exper iment  conf i rms  the poss ib i l i ty  of phenols forming through 
the decarboxylat ion of hydroxy acids under  the hydrogenolys is  conditions. 

Consequently,  the hydro lys i s  and hydrogenolys is  of lignin and i ts  model subs tances  in an aqueous a l -  
kaline medium a re  complex p r o c e s s e s .  The f i r s t  s tage cons is t s  of ionic reac t ions  but, when quinone and 
quinone methide s t ruc tu r e s  a re  p re sen t  the hydroxyl  ions r eac t  with the l a t t e r ,  forming hydroxyl  r ad ica l s  
and g iv ing r i se  to ox i da t i vep roces s e s  which take place even during hydrogenolys is  in the p re sence  of hydro -  
gen and a ca ta lys t .  

E X P E R I M E N T A L  

The ma te r i a l  subjected to study was  cotton lignin isola ted by the hydro lys i s  of cotton husks with 
H2SO 4 and having the following c h a r a c t e r i s t i c s :  difficultly hydrolyzable  subs tances ,  13% ( the r ewere  no r e -  
ducing subs tances) ,  methoxy groups ,  2.75%; hydroxy groups  by Ve r l ey ' s  method,  5.9%; moi s tu re  content 5%; 
ash  content 5.5%; acidi ty to methyl  orange calculated as acet ic ,  1.05%; bulk dens i ty ,  0.43 g / c m  3. 

The model compounds,  1- (4 -hydroxyphenyl )propan- l -one  and 1- (4 -hydroxy-3-methoxyphenyl )propan-  
1-one,  were  obtained by methods descr ibed  in the l i t e r a tu re  [20]. 

The hydrogenolys is  of the model subs tances  and the lignins and the hydro lys i s  of the lignins were  
c a r r i e d  out in a type NF-1 (Hungary) l - l i t e r  rotat ing autoclave with e lec t r i c  heating.  The calculated 
amount of the model substance or  the lignin was mixed with a 5% solution of caust ic  soda (1 : 3), then 
ca ta lys t  CoS (2~c on the substance) was added and then, if using an inhibi tor ,  the inhibi tor .  The mix ture  
was t r a n s f e r r e d  quanti tat ively into the autoclave.  On hydrogenolys is ,  an initial hydrogen p r e s s u r e  of 100 
arm was es tabl i shed f r o m  a cyl inder .  

At the end of the p r o c e s s  the contents of the autoclave were  t r a n s f e r r e d  to a b e a k e r ,  and the auto-  
clave was r insed  twice with wate r .  

Separation of the Ether-Soluble  Products .  The alkaline hydrogenolyzate  or  hydrolyzate  was ac id i -  
fied to pH 1 and ex t rac ted  with e ther .  The e therea l  solution was f i l te red  to e l iminate  r e s i n s  and insoluble 
products  and was dried with anhydrous Na2SO 4. Then the Na2SO 4 was r emoved  by f i l t ra t ion,  the e ther  was 
dist i l led off, and the sum of the e the r - so lub le  subs tances  was de te rmined .  When separa ted  into f rac t ions ,  
the e therea l  ex t rac t  was  washed repea ted ly  and success ive ly  with a 10% sodium carbonate  (Na2COs) solu-  
tion to ex t rac t  the acids and with a 10% caust ic  soda solution to ex t rac t  the phenols .  The neutra l  subs tances  
r ema ined  in the e thereal  solution. The sodium carbonate  and caust ic  soda solutions were  acidified and 
quanti tat ively ex t rac ted  with e ther .  After  drying,  f i l t ra t ion,  and evapora t ion  of the e ther ,  the acid and 
phenol f rac t ions  were  obtained. 

Analys is  of the Phenol F rac t ions .  Analys is  was c a r r i e d  out by the GLC method on a Tswet t  1-64 
chromatograph .  P o l y e s t e r s  (of diethylene glycol and adipic acid and of ethylene glycol and succinic acid), 
polyethyleneglyeol-6000,  and Apiezon L, 20% on INZ-600, support  were  used as the s ta t ionary  phases ;  the 
ra te  of flow Of the c a r r i e r  gas ,  hydrogen,  was 60 m l / m i n ;  the br idge cu r ren t  was 200 mA; the sensi t iv i ty  
was 1; the length of the column was 1 m; and the d i ame te r  was 4 m m  (see Table 2). 

C O N C L U S I O N S  

The hydrogenolys is  and hydro lys i s  of lignin in an aqueous alkaline medium mus t  be cons idered  as  an 
oxidative degradat ion of the lignin mac romolecu l e  by hydroxyl  r ad ica l s .  This p r o c e s s  takes  place even in 
a reducing med ium in the p r e s ence  of a ca ta lys t .  This  was shown by a study of the hydrogenolys is  p r o c e s s  
using model compounds.  The oxidative p r o c e s s e s  in lignin a re  connected with the appearance  in the s y s t e m  
(lignin or  i ts  model) of a lkal i - induced quinoid s t r u c t u r e s  which, being e l e c t r o n - a c c e p t o r s ,  abs t r ac t  e l ec -  
t rons  f rom hydroxyl  ions and fo rm hydroxyl  rad ica l s .  The l a t t e r  lead to oxidative p r o c e s s e s  through the 
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the hydroxylation of the system. The correctness of this has been confirmed by studying the composition 
of the products, which shows the oxidative nature of the hydrogenolysis process. 
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