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COHPARISON OF SAPWOOD, EEARTUOOD, BARK. AND ISOLATED LIGNIN 
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Department of Chemistry 
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Toronto, Ontario, Canada HSS W1 

and 

Foster A. Agblevor, David G.  B. Boocock and Martin Holysh 
Department of Chemical Engineering and Applied Chemistry 

University of Toronto 
Toronto, Ontario. Canada 115s lA5 

ABSTRACT 

Rapid hydrothermolysis a t  350-C of poplar sapwood, heartwood 
and bark, as w e l l  as the l i g n i n  ex t r ac t ed  from the  sapwood and 
heartvood, g ives  o i l  and water so luble  f r a c t i o n s  whose chemical 
ana lys i s  is cor re l a t ed  with the  na ture  of t h e  feed s tock .  Results 
from c e l l u l o s e  and Douglas f i r  are included, and the poplar bark 
and heartwood l i g n i n  are shwn t o  g ive  an e t h e r  so luble  oil t h a t  
cons i s t s  mainly of guaiacyl u n i t s  vbile the  sapwood product is 
mainly syr ingyl .  Hawver,  the  chloroform so lub le  o i l  from both 
sapwood and heartvood vas mainly sy r ingy l  wi th  the add i t iona l  
presence of carbohydrate derived material i n  the  heartwood o i l .  
The acetone-only so lub le  res idue  from sapwood w a s  ehown by pyroly- 
sis mass spectrometry t o  be mainly c e l l u l o s e  der ived  while t h a t  
frarn heartvood w a s  msinly fKaP lignio. Thus t he re  is a fundamen- 
t a l  d i f f e rence  in t h e  behaviour of the  poplar sapwood and hartwood 
t h a t  may arise from d i f f e r e n t  d i s t r i b u t i o n s  of t he  gua iacyl  and 
syr ingyl  un i t s .  and of the binding t o  t h e  ce l lu lose .  The o r i g i n  
of the  rap id  hydrothermolysis products wi th  r e spec t  t o  the  major 
wood components is discussed. An empi r i ca l  approach t o  the 
ca l cu la t ion  of the  l i g n i n  content based on the  rap id  hydrothermo- 
l y s i s  f r a c t i o n s  is presented. 
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xNTRoDucTIoN 

KALLURY ET AL. 

The thermochemical and biochemical conversion of wood and its 

const i tuents  t o  materials use fu l  as f u e l s  and chemical r a w  materi- 

a l s  have been the object  of extensive inves t iga t ions  i n  recent 

years1”. The connection betueen the coaposit ion of the products 

of these processes and the chemlcal s t r u c t u r e  of the const i tuents  

of the wood, pr inc ipa l ly  l i gn ln ,  ce l lu lose  and hemicellulose, and 

the morphological regions of the wood (heartwood, sapwood and 

bark) a r e  of fundamental importance f o r  understanding the  d e t a i l s  

of wood conversion and have been an area of ac t ive  

The current  study a p p l i e s  the rapid hydrothemolysis tech- 

nique t o  t h i s  problem. This recent ly  d e ~ e l o p c d ~ ~ ’ ~ ~  method avoids 

the use of c a t a l y s t s  o r  reagent gases a t  high pressures a s  w e l l  a s  

long residence times a t  high temperatures ana so minimizes secon- 

dary react ions of the i n i t i a l  wood degradation products. This 
technique has already been applied t o  an i so l a t ed  l i gn in  from 

poplar vood16, ce l lu lose  and r e l a t ed  carbohydrates1’, and h d -  

celluloss18. and the nature of the reoulcant  products determined, 

but no systematic understanding of the r e l a t ionsh ip  between the 

chemical c a p o s i t i o n  of the product and that of the d i f f e r e n t  

cons t i t uen t s  and morphological regions of the reactant have 

emerged. The goal of the p r e s e n t  i nves t iga t ion  is t o  provide t h i s  

understandfng. 

RESULTS 

The hydrothermolysis of poplar sapwood, heartwood and bark 

as w e l l  as i so l a t ed  l i gn ins  from both the sapwood and the heart-  

wood w e r e  ca r r i ed  out uaing the rapid heat,-up system previously 

described15. 

examined. 

For canparison whole wood from Douglas f i r  w a s  a l s o  

The react ion products consisted of aqueous and o i l  phases 

which were separated,  and the former ex t r ac t ed  with e the r  t o  give 

the  aqueous phase ether-solubles while the o i l  phase was dissolved 
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i n  acetone, f i l t e r e d ,  and evaporated. This o i l  phase w a s  succes- 

s ive ly  extracted with e the r  and then chloroform t o  give tic ather- 

soluble  o i l ,  the chloroform-soluble o i l ,  and the acetone-mly- 

soluble o i l .  The e the r  e x t r a c t  of the oil phase was extracted 

f i r s t  v i t h  sodium bicarbonate and then v i t h  sodium hydroxide aad 
evaporated t o  give three f r ac t ions ,  and the y i e lds  of a l l  these 

f r ac t ions  are reported i n  Table 1. Previous r e s u l t s  f o r  cellu- 

lose*' a r e  a l s o  included. 

The d i f f e ren t  f r a c t i m s  uere analysed using the procedure 

reported previously20. including 'H- 
G C I H S .  The acetone-only soluble res ldur  was a l s o  subjected to  

pyrolysis  amss spectrometry. The r e s u l t s  of these s tud ie s  a re  

summarized i n  Tables 2-4, and are discussed individual ly  below f o r  

the d i f f e ren t  f ract ions obtained. 

and lJC-NMR. m R .  GC and 

DISCUSSION 

Ether-Soluble O i l  Phase 

The 8odirn hydroxide e x t r a c t  of the ether-soluble oil from 

poplar bark, heartuood and sapwood equalled 7.8, 3.5 and 7.3%. 
respactively,  of the or ig ina l  feedstock (Table 1) md consisted of 

phenols (T8ble 2) which can be c l a s s i f i e d  as of e i t h e r  guaiacyl 

(e.g.. 1 - 3) or syringyl (e.8.. 5 - 2) type with rehtive guair- 

cy1:syringyl product r a t i o s  of 2.8:1, 1.6:l. and 1:2.4, respec- 

t i ve ly .  

In  comparison. Douglas f i r .  a softwood who- U&n is aIno8t 

exclusively gualacyl type', gave 4.4X of a phenolic f r ac t ion  with 

a 16 : l  r a t i o  of guaiacy1:syringyl components (Table 2) .  Thus the 

poplar bark and heartwood resemble Douglas f i r  i n  giving mainly 

guaiacyl type phenols, whereas poplar sapwood is d i 8 t i n c t i v d y  

d i f f e ren t  in g i d q  a large phenolic f r a c t i o n  t h a t  is predominant- 

l y  ayringyl i n  character. 

The compoaitlon of the phenolic f r a c t i o n s  from the isolated 

l i gn ins  were riadlar to those of the corresponding parent sapwood 
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3 56 KALLURY ET AL. 

CH30 
\ 

c1-1~6 

CH30 

cHo H 2 & = c H - c H 2 0 H  

- 2 ( v a n i l l i n )  2 ( c o n l f e r y l  a l c o h o l )  

5 ( s y r i n g a l d e h y d e )  a (synapyl a l c o h o l )  

and heartwood, respect ively,  shovn i n  Table 2. Futhermore, the 

y i e lds  of the sodium hydroxide-soluble phenolic f r a c t i o n s  f r m  the 

i so l a t ed  l i gn ins  w e r e  3.3 and 4.0 tiws as great as when the 

corresponding sapwood and heartvood =re used, vhich is connistent 

wlth the f a c t  t h a t  the composition of the wood i s  approximately 

24% l ignin,  52% ce l lu lose .  21% hemico,llulose, and 3% extrac-  

t ives21s22. 

phenolic products a r e  lignin-derived, and t h i s  is consis tent  v i t h  

the f a c t  t h a t  very Little phenolic macerial  is formed from the 

hydrothermolysis of c e l l u l o ~ e ~ ~ .  

wood i s  a l s o  Nice as large as that f r m  h e a r t w o o d  whether the 

whole wood is used o r  i f  the l i g n i n s  are f i r s t  separated out. 

These results indicsLs tha t  e s s e n t i a l l y  a l l  of the 

The phenolic f r a c t i o n  from sap- 

Our r e s u l t s  are in general  agreelnnt vith those of Bobleter 

and C0ncinz3, who effected hydroti temolysis of i s o l a t e d  poplar and 

spruce l i gn in  above 300°C and recovered about 10% of the o r ig ina l  

mater ia l  as monameric aromatics, and i d e n t i f i e d  20 individual  

compounds by mass spccrrometry and comparison of W C  r e t en t ion  
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TABLE 2 

KALLlJRY ET AL. 

Composition of the Phenolic Fract ions 
frcm the Ether-Soluble O i l s *  

Phenol Sapwood Heartwood Bark Douglas F i r  

Phenol 
Cresols 
Ethylphenols 
Propylphenols 
Allylphenols 
Viny l p  henols 

5 7 6 5 
1 1 2 3 
2 1 2 3 
5 4 6 2 
1 1 4 2 
1 1 3 1 

Guaiacol 5 11 8 20  
Methylguaiacols 1 2 3 4 
Ethy lguaiacols  1 4 6 5 
Ropylguaiacols  2 4 8 7 
Ally lguaiac 01s 4 3 2 3 
Viny lguaiacols  2 2 2 2 

Vanil l in  5 13 15 22 
Vani l l i c  acid 1 1 2 3 
Coaiferyl a lcohol  2 6 6 4 
E m w a n i l l i n  1 2 2 4 
Eomarraaillic acid 1 1 1 2 

S yringol  10 8 4 1 
He thylsyr ingols  2 2 1 1 
Ethylsyringols 2 2.  4 1 
Ropy lspringols 3 2 4 1 
Allylsyr ingols  4 1 2 tr+ 
Vinylsyringosl 3 1 tr tr 

Syringic aldehyde 18 4 3 1 
Sinapyl a lcohol  8 1 1 tr 
Springy1 alcohol  5 2 1 tr 
Syringic acid 2 t T  tr tl- 
Hamosyringic aldehyde 2 1 tr tl- 

* figures in v t . X  of the phenolic f r a c t i o n  
t tr - trace 
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RAPID HYDROTHERXOLYSLS OF POPLAR WOOD 359 

TABLE 3 

Ccmposition of the NaaCO3-Solubles 
f r a n  the Ethr-Soluble Oils* 

Subs t a m e  Sapwood Eearlwood Bark Douglas F i r  

Benzoic acid 10 16 51  5 
Vanil l ic  acid 2 11 13 38 
H m w a n i l l i c  acid 1 4 3 12 
Syringic acid 31 5 1 t r  
p-Iiydroxybenzoic acid 5 4 2 6 
Dihydroxybenzoic acid 3 4 2 1 

Ph-1 1 1 1 1 
Creaols tr 1 1 1 
Ethylphenols tr 1 1 tr 
Cuaiacol tr 3 2 3 
Catechol 1 3 4 4 
EL thy lcatechols 2 1 2 G 

Unidentified 20 25 10 10 

* vt.X of the  NaIiCOj-solubles frcar the ether-solubles 

times. The s t r u c t u r a l  ident i f icat ions w e r e  similar t o  those of 

Table 2 ,  and the spruce l ignin led mainly t o  guaiacyl-type 

products . 
Bobleter and ConcinZ3 also detected most of the pbenollc 

acids  vc have iden t i f i ed  i n  the sodium bicarbonate ex t r ac t  f r w  

the ether-soluble o i l  (Table 3). However, they did not report  

a l i p h a t i c  acids  from l ignin and those vt  detect  from the wod- 

based o i l s  (Table 3) a re  evidently derived from the cel lulose.  

There is  evidence tha t  the neu t r a l  f r a c t i m s  f rop  the ether- 

soluble o i l s  a r e  derived from the extract ives  present in the 

o r ig ina l  wood. Thus, these extract ives  a r e  reported t o  be colnplex 

mixtures of mono-. di- and t r i -glyccr ides  of f a t t y  acids ,  together 

with f a t t y  acids and alcohols &d other estersz4. These fract ions 
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360 RALLURY ET AL.  

displayed 90% of t h e i r  'H-NMR integrat ion i n  the  6 0.8 t o  2.5 
region corresponding t o  a l i p h a t i c  protons, t h e i r  FTIR spec t r a  

showed s t rong carbonyl absorption a t  1720-1740 cm'l and alcohol ic  

hydroxyl peaks a t  3200-3400 m'l, and their EIMS showed pa t t e rns  

characteristic of s t r a i g h t  a l i p h a t i c  chains25. 

Chloroform-Soluble Oil Phases 

Poplar sapwood and heartwood both give 17-18% of chloroform- 

soluble  material based on the i n i t i a l  subs t r a t e  (Table 1 ) .  but as 
discussed below these d i f f e r  i n  spectroscopic p rope r t i e s .  Poplar 
bark and Douglas f i r  i n  contrast  give less than a fou r th  as much 

of t h i s  material. As shown i n  Table 1, the rapid hydrothermolysis 

of the i s o l a t e d  l i g n i n s  and cel lulose both give rise t o  8ignifiCatIt 

amounts of t h i s  f r ac t ion .  and,if the whole wood behaves s imi l a r ly  

t o  the i so l a t ed  components, both the l i gn in  and ce l lu lose  w i l l  

contr ibute  t o  the chloroform ex t r ac t s .  As discussed below, t h i s  
assumption gives  a sa t i s f ac to ry  quan t i t a t ive  account of the product 

y i e  Id.  

The FTIR of the chloroform-soluble oil f r a c t i o n  from poplar 

wood o r  l i g n i n  shoved s t rong absorptions a t  1230 and 1330 cm'l, 

bands assigned t o  the syr ingyl  noiety12, but only weak absorption 

f o r  the guaiacyl  bandsL2 at  1040 and 1 2 7 0 ' ~ m - ~ .  I n  c o n t r a s t  the 

corresponding f r a c t i o n  frcQ Douglas f i r  e x h i b i t s  s t rong guaiacyl 

absorption I n  i t s  FTIR spectrum. 

The IE-NMR spec t r a  of the chloroform-soluble oils f r c n  poplar 

l i g n i n s  ahow c h a r a c t e r i s t i c  absorption in the  a r m t i c  (6 6.2-7.2), 
phenolic ofl (6  5.4-5.8) and mcthoxyl (6 3.6-4.0) regions but very 
l i t t l e  between 6 1.0-3.0, whereas the chloroform f r a c t i o n s  f r w  
poplar sapwood, heartwood and Douglas f i r  show 10, 40 and 50% of 

t h e i r  t o t a l  lli i n t eg ra t ions  i n  t h i s  latter region. 

absorption is evident ly  due t o  carbohydrate-derived material, and 

i n  our study of ce l lu lose  h y d r o t h e r m o l y s i ~ ~ ~  a series of products 

vere i d e n t i f i e d  which give rise t o  absorption i n  t h i s  region, 

This 6 1.0-3.0 
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RAPID HYDROTHERnOLYSIS OF POPLAR WOOD 361 

including l e v u l i n i c  ac id  and its lac tones ,  S-tuethyl f u r f u r a l  and 

methyl cyclopentenones. 

The lJC-NpIR s p e c t r a  of the chloroform-soluble o i l s  from 

poplar sapvood and hearmood and f r a n  the i s o l a t e d  l i g n i n s  are a l l  

s imi l a r  and show c h a r a c t e r i s t i c  CAr(and Colefinic) and Lo 
absorption 8t 6 100-140 and 54-54 ppm, r e spec t ive ly ,  i n  i n t eg ra t ed  

r a t i o s  of 4.5:l f o r  sapwood, 7:l f o r  heartwood and 0 : l  f o r  the  

i so l a t ed  l i gn ins .  w i th  weak absorp t ion  a t  6 60-63 ppm and very  

l i t t l e  between 6 63-90 ppm. 

6 103-108 regicm t o  the  unsubs t l tu tcd  C-2.6 of sy r ingy l  

a r y l  r i ngs  and the  6 110-115 region of C-2 of the 

gua iacyl  r i n g  gave a 4 : l  syringy1:guaiacyl r a t i o  f o r  all these  

o i l s .  

Use of the in t eg ra t ed  areas of the 

The mass spectrum of  the chloroform-soluble o i l s  a l l  shoved 

a s t rong  peak a t  m/z 167, ass ignable  to  the CqH1103  fragment (5) 

expected t o  be a major fragment from many sy r ingy l  s t r u c t u r e s .  

C H 3 d  

Thus the  chlorofora-soluble o i l  phase from poplar sapvood o r  

heartwood or the i s o l a t e d  l l g n i n s  are ind ica t ed  by FTIR t o  conta in  

predominantly sy r ingy l  derived products from t he  l i g n i n s ,  v h i l e  the  

‘H-NMR i nd ica t e s  t h a t  t h e  poplar heartwood oil d i f f e r s  s i g n i f i -  

c a n t l y  froo t h a t  from sapvood but  resembles t h a t  from Douglas f i r  

in a l s o  having major absorp t ion  i n  the  region 6 1.0-3.0. 

13C-NMR evidence f o r  the  103-115 region cor robora tes  t he  FTIR evi- 

dence in showlng a s t rong  predominance of syringyl over gua iacyl  

u n i t s  p re sen t ,  and the  o i l s  from the  i s o l a t e d  l ignins both g ive  

I r : l  r a t i o s  of CAr t o  C*o. c lose  t o  the  3:l r a t i o  expected f o r  a 

The 
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362 KALLURY GT AL. 

purely syr ingyl  type product a d  i nd ica t ing  a p r e d d n a n c e  of t h i s  

un i t .  The h e a r t w o o d  derived o i l  d i f f e r s  from the sapvood material 
in havfng a higher C A r : h 0  r a t i o  and a g rea t e r  amount of absarp- 

t i o n  i n  t h e  6 1.0-3.0 region i n  the  lH-NHR, and i t  is an item of 

sme i n t e r e s t  as t o  whether these v a r i a t i o n s  arise f r a  d i f f a e n c e s  

i n  the  l i g n i n  type o r  i n  the amount o r  binding of t he  carbohydrate 

material present.  

The o r i g i d  Lignins (p r io r  t o  hydrothemolysis) shovtd a 3:1 
r a t i o  of C k : L o  and 2:l f o r  Cllr r e l a t i v e  t o  the  6 60-90 ppm 

region. 

the bas i c  springy1 u n i t  i n  the s t a r t i n g  Ugnin,  as the Co, CB and 

These r e s u l t s  are c a s e i s t e n t  with the preponderance of 

been assigned as 6 88-90. 72-75 and 60 ppm, C carbons have 

respectivelyZ7. 
Y 

The increase i n  the in t eg ra t ion  of the 13C-NMR absorption 

betveen 6 100-140 ppm r e l a t i v e  t o  the Lo absorption a t  6 54-56 

ppm is plausibly assigned t o  e l iminat ion r eac t ions  of syr ingyl  

u n i t s  i n  the Original  l i gn in  t o  give cinqanyl u n i t s  @I. 
nev o l e f i n i c  carbons vould contr ibute  t o  the 6 100-140 absorption 

and. although the nev o l e f i n i c  hydrogens could not  be pos i t i ve ly  

confirmed i n  the lE-Wna, these vauld be of lw i n t e n s i t y  and 

p a r t i a l l y  wer l app ing  v i t h  the  aryl and phenolic hydroxylic 

protons. 

Thus the 

cn,b b - 
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363 WID HYDROTHERMOLYSIS OF POPLAR WOOD 

Further evidence f o r  the syr ingyl  o r ig in  of b is the f a c t  

t ha t  Douglas f i r ,  kn- t o  consist almost exclusively of guaiacyl 

l ignin,  forms very l i t t l e  of this material. 

evidently rather inert t o  fu r the r  react ion,  as treatment of t h i s  

f r ac t ion  under our original rapid hydrothermolysis conditioas 

resul ted in the recovery of 80% of unchanged material and 20% con- 

version t o  material soluble only in acetone. 

The products 1 are 

Ac l tone -On 1 y-So lub l e  Residues 

Analysis by pyrolysis  mass spectrametry12a*28 of the residue 

fran poplar sapwood gave peaks  a t  m / z  69. 95. 96, 112 and 126 

corresponding t o  those from the acetone-only-soluble residue f r a  

cel lulose (previously assignedz8) and low in t ens i ty  peaks at  

m/z 154, 168, 182, 190, 194. 196 and 210 assignedlZa t o  syringyl 

lignins , but extremely weak signals  corresponding1 2a t o  guaiacols . 
However. the residues from poplar bark and heartwood gave strong 

peaks a t  m / r  124, 138, 152, 164, 166, 168. 272. 284. 298 and 312 

that correspond t o  the peaks we observe f rw the corresponding 

residue f r a n  Douglas f i r .  and which have been previously 
assigned12a as a r i s i n g  from guaiacyl fignins. 

t h a t  the acetone-only-soluble residue f r a n  poplar sapwood is 

mostly ce l lu lose  derived,while the corresponding f r ac t ions  from 

bark and heartwood are mainly l i gn in  derived. 

Thus i t  appears 

E t h e r  Soluble8 f r a  the Asuoous Phases 

Acetic acid and f u r f u r a l  and i t s  der ivat ives  w e r e  the major 

canptments of these f r ac t ions  from a l l  the const i tuents  of poplar 

wood (Table 4). We have previously shown t h a t  ce l lu lose  leads t o  

the f u r f u r a l  der ivat ives  under these c o n d i t i m s l  g, while nei ther  
ce l lu lose  nor l i gn in  give appreciable y i e lds  of a c e t i c  acid.  

s m a l l  e the r  solubles from the aqueous phases r e su l t i ng  from the 

hydrothcrmolysia of i so l a t ed  l i gn ins  a h s t  exclusively consis t  of 

phenols. 

and evident ly  t h i s  forms the a c e t i c  acid by hydrolysis under the 
hydrothermolysis canditione. 

The 

Hemicellulose is knownz9 t o  be r i c h  in 0-acetyl groups. 
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TABLE 4 

KALLURY ET AL. 

Campositional Analysis of Ether-Solubles 
from the Aqueous Phase* 

Substance Sapwood Heartwood Bark Douglas F i r  

Acetic ac id  30 
Other a l i p h a t i c  ac ids  5 

5-He thylf  urf  u r a l  5 

Fur f u r  a 1 30 

5-Hydroxymethylfurfural 3 
Phenols (including 

guaiacol. syr ingol  
and a l k y l  de r iva t ives )  5 

Levulinic acid and 
lactones 7 

Unidentified 15 

40 

10 

10 

3 
4 

5 

10 
18 

20 

10 

12 

10 

5 

10 

5 

28 

10 

5 

10 

LO 
a 

5 

20 

32 

* f igu res  represent  wt.f of the aqueous phase ether-solubles 

Composition of the Lignin 

In summary the 13C-NMR spec t r a  of the i s o l a t e d  l i g n i n s  from 

poplar sapwood and heartwood ind ica t e  a predominance of syr ingyl  

type s t r u c t u r e s  and the chloroform-soluble o i l s  derived from these 

l i gn ins  o r  the parent sapwood or  heartwood are a l l  similar and 

a l s o  show mainly syr ingyl  type products by FTIR and 13C-XWR. 

acetone-only soluble  res idues f r a n  poplar sapwood are shown by 

pyrolysis  Hs t o  be mainly carbohydrate derived mater ia l ,  while the 

poplar heartwood and bark and Douglas f i r  give product containing 

mainly guaiacyl type de r iva t ives  with scme carbohydrate ma te r i a l  

a l s o  present  i n  the heartwood derived material. 

The 
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Estimation of t he  Lignin Content i n  t h e  Poplar Wood Regions 

An estimate of the  Ugn in  p resen t  in the o r i g i n a l  vood can be 

made f r a u  the phenolic content of the  products.  

ether-soluble o i l  y ie lded  8.6% of material i d e n t i f i e d  as phenols, 

t h e  cUoro fonwso lub le  o i l  gave U .6% of sodium hydroxide-soluble 

m a t e r i a l  t h a t  is presumably phenolic,  and t h e  acetone-only-sohble 

res idue  can be crudely estimated as conta in ing  2.4% phenols based 

on the  assumption t h a t  the  f r a c t i m  of the  t o t a l  py ro lys i s  ion 

cur ren t  ass ignable  t o  phenolic fragment8 corresponds t o  tha  pheno- 

l i c  f r a c t i o n  in t h i s  residue. These t o t a l  24.6% and corresponding 

f i g u r e s  f o r  heartwood are 4.02, 10.8% and 9.9% ( t o t a l  24.7%) and 

f o r  t he  bark 8.7%, 2.0% and 16.0% ( t o t a l  26.7%). These t o t a l s  

correspond very  w e l l  to our Klason l i g n i n  determinations of 24.7% 
l i g n i n  f o r  poplar sapwood and 25.2% f o r  heartwood, and while i t  is  

no t  reasonable t o  expect such c lose  agreement frcm t h i s  approxima- 

t i on ,  the  r e s u l t s  do ind ica t e  the va lue  of the  a n a l y s i s  of rap id  

hydro-thennolysis products f o r  t he  cha rac t e r i za t ion  of d i f f e r e n t  

wood components. e s p e c i a l l y  l i g n i n s .  

For sapwood the 

Corre la t ion  of D i f f e ren t  Frac t ions  from Hydrothermolysis 
With t h e  Wood Components 

Based on the  reportedz2 composition of P. d e l t o i d e s  (D-38) 
poplar clone of 24.2% l i gn in ,  20.5% hemicellulose,  52.3% c e l l u l o s e  

and 3.0 e x t r a c t i v e s ,  the cont r ibu t ion  of t he  l i g n i n  and the  ce l lu-  

l o s e  t o  each of tbe product f r a c t i o n r  from the  poplar  sapwood and 

heartwood can be ca l cu la t ed ,  a s  shova i n  Table 5. This calcula- 

t i o n  assumes that the  separated components behave as they do i n  

the  wood itself. and t h a t  the propor t ion  of l i g n i n  and ce l lu lose  

is  t h e  same i n  both  the  sapwood and heartwood. There i s  some 

j u s t i f i c a t i o n  f o r  these assumptions i n  our work as c i t e d  above 

and a l s o  i n  previous work. 

The con t r ibu t ions  expected from lignin and c e l l u l o s e  account 

f o r  most of the observed products frw the poplar sapwood and 

heartwood. Of t he  remaining balances,  t h e  e x t r a c t i v e s ,  3% o f  the  
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366 KALLURY tT AL. 

TABLE 5 

Contributions t o  Poplar Sapwood and Heartwood Fractions Based on 
21% Eemicellulosc, 24% Lignin, 52% Cellulosc and 3% Extractives 

Subs crate As0 ESO CSO AOSO APES 

POPLAR SAPWOOD 

Whole Sapwood 43.0 13.0 17.0 12.0 10.0 
Contribution from l ign in  21.1 6.7 13.7 0.7 0.7 

Contribution of ce l lu lose  15.6 * tr 5.7 9.9 7.8 

Extractives 3.0 

POPLAR HEARTWOOD 

Whole Heartwood 48.0 7.0 18.0 33.0 12.0 
Contribution from l ign in  16.8 3.5 10.0 3.0 0.8 

Contribution of ce l lu lose  15.6 tr 5 .7  9.9 7.8 

Extractives 3.0 

(All  f i gu res  represent percentage of subs t r a t e  as adjusted t o  the 

AS0 - Acetone-soluble o i l  ESO - Ether-soluble oil 

CSO - Chloroform-soluble o i l  AOSO - Acetone-only-solubkoil 

APES = Aqueoue Phase Ether-solubles 

percentage of subs t r a t e  i n  wood) 

t o t a l .  w e r e  argued above t o  appear in the n e u t r a l  ether-soluble oil. 

and the  hemicellulose contributed t o  the aqueous phase ether-solu- 

bles ,  pa r t i cu la r ly  as a c e t i c  acid.  The only significant product 

unaccounted f o r  is sane of the acetooa-only-soluble residue frum 
the poplar heartwood, v h i c b a s  noted previously, w a s  s h m  by 

pyrolysis I4S t o  be mainly l i g n i n  derived. 

sane portion of the l i gn in  in heartwood is behaving d i f f e ren t ly  i n  

the whole wood and the extracted l i g n i n  (including enzyme treatment 

in its i so l a t ion ) ,  perhaps because of undergoing soma chemical 
modification during the  l i g n i n  i so l a t ion ,  so t h a t  the material is 

Thus it  appears t h a t  
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not  contained i n  the  i so l a t ed  l i gn in ,  o r  possesses enhanced reac- 

t i v i t y  , so tha t  i t  does no t  cont r ibu te  t o  the  acetone-only saluble 

residue. 

coNcLuszoN 

Our s tud ie s  on the rapid hydrothennolysis products from poplar 

wood, i so l a t ed  l i g n i n s  and ce l lu lose  p r w i d e  an i n s i g h t  i n t o  the  

behavicur of the ind iv idua l  compomnts of wood t w a r d s  t h i s  wood 

conversion process and t h e i r  cont r ibu t ion  t o  the t o t a l  product. 

The rapid hydro themolys is  process a l s o  p r w i d e s  an empirical  

means of l i g n i n  es t imat ion  i n  wood as w e l l  as an i n s i g h t  i n t o  the 

s t ruc tu re  of t h i s  wood component. 

Poplar wood (D-38 clone, P. del to ldes .  supplied by the Ontario 

Ministry of Natural Resources Laboratories) of about f i v e  years '  

age w a s  separated i n t o  the  bark,  sapvood and heartvood by c l e a r l y  

v i s i b l e  c o l m r  demarcations. Each of these p a r t s  w a s  cu t  i n t o  

s t i c k s  of about 5 cut length and 0.5 cm width and a i r  d r i ed  f o r  

48 hours. 

Rapid Hydrothermolysis Procedure 

About 1 g of the  subs t r a t e  (the appropr ia te  morphological 

region of D-38 poplar wood or  whole wood f r a a  Douglas f i r  or 

l ign in)  was placed i n  a stainless steal tubular  reac torL5.  

D i s t i l l e d  vatcr (5 ml) was added, and nitrogen flushed through the  

system two or th ree  times, a f t e r  vhlch the reactor was sealed and 

dipped i n t o  a pre-heated sand ba th  meintained a t  the des i red  

temperature (about 350OC). As soon as the r eac to r  conten ts  

a t t a ined  t h e  des i red  temperature (about 2 d n u t e s )  a5 indica ted  by 

a thermocouple attachment, the r eac to r  w a s  removed frm the sand 

bath and dipped i n t o  cold water t o  quench the reac t ion .  The gases 
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363 KALLURY ET AL. 

were vented and the  aqueous phase decanted off .  

t reated several  times with acetone, and the e x t r a c t  f i l t e r e d  00. a 

sintered funnel t o  remove suspended so l id s .  The c l e a r  f i l t r a t e  

w a s  rotocvaporated t o  r e m o v e  the acetone, and the r e s idua l  o i l  

veighed t o  obtain percentage conversion of wood. The aqueous and 

o i l  phases  were pooled from a t o t a l  of f i v e  runs for each sub- 

strate. 

The residue was 

Work-up of the O i l  and Aqueous Phaaes 

The aqueous phase was extracted th r i ce  with e t h e r  ( t o t a l  

100 ml). the organic layer  dr ied (MgSO,) and concentrated. The 

residue vas weighed and subjected t o  chromatographic and spectros- 

copic analysis .  

The acetone-soluble t o t a l  o i l  phase was i n i t i a l l y  t reated 

with e the r  t o  obtain the ether-soluble o i l  f r a c t i o n  and ether- 

insoluble residue. This ether-insoluble res idue w a s  then t reated 

with chloroform (SO n l )  and again the soluble and insoluble frac- 

t ions separated. The ether-soluble and chloroform-soluble o i l  

f r ac t ions  were independently analysed by FTIR, lH and 13C-NMR. 
The d e t a i l s  of instrumentation vere described e a r l i e r 2 " .  

The ether-soluble o i l  w a s  f ract ionated fu r the r  i n t o  sodium 

bicarbonate-solubles and sodium hydroxide-solubles i n  tha t  order 

and the  r e s idua l  mater ia l  recovered from ether .  This l a s t  frac- 

t ion,  Insoluble i n  the bases, vas c l a s s i f i e d  as the neu t r a l  frac- 

t ion,  and e x t r a c t i a a  of this material i n  ether v i t h  hydrochloric 

acid (6N) did not shov the  presence of any basic  product i n  the 

acid layer.  Each of these three f r ac t ions  (NaBCO3 and NaOH- 

solubles  and neu t r a l s )  w e r e  analysed by GC, EIWS and f i n a l l y  by 

GC/HS. 

The chloroform-soluble o i l  vas  analysed by NHR and Emzo. A 

portion of t h i s  f r ac t ion  w a s  t r ea t ed  with sodium hydroxide (1% aq) 

t o  determine the amount of mater ia l  soluble i n  t h i s  reagent. 

The residue from the e the r  and chloroform ex t r ac t ions  ( the  

acetone-only-soluble f r ac t ion )  was a dark brownish so l id  not mel- 
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t i n g  up t o  350°C. 

tetrahydrofuran. 

mass spectrum recorded ( f o r  i n s t r m e n t a t i o n  d e t a i l s ,  see reference  

30).  

It was a l s o  t o t a l l y  so luble  i n  dioxane and 

Its FTIR was measured i n  n u j o l  and py ro lys i s  

I s o l a t i o n  of the Lignins from Poplar Sapwood and Heartvood 

The appropr ia te  wood w a s  subjected t o  the Bjorkman procedurdl 

t o  remove e x t r a c t i v e s .  The r e s idua l  wood w a s  b a l l  milled and then 

ex t rac ted  v i t h  dioxane-water (9:l) .  The res idue  f r w  t h i s  so lvent  

w a s  washed v i t h  d i s t i l l e d  water, suspended i n  an a c e t i c  ac id  

buf fer  (pR 4.6) and hydrolysed a t  55°C with c e l l u l a s e  enzyme 

(supplied by Van Waters and Rogers Ltd., Toronto) f o r  72 hours i n  

a Prec is ion  S c i e n t i f i c  Orb i t a l  Shaker water bath.  Fresh enzyme 

so lu t ion  vas added, and the hydro lys is  continued f o r  a f u r t h e r  72 

hours. This mixture was cent r i fuged ,  the  s o l i d  res idue  ex t r ac t ed  

wi th  d i o x a n e r a t e r  (9:l)  repeatedly.  and the  dioxane-soluble 

l i g n i n  w a s  recovered by concentrating the so lvent .  The crude 

l i g n i n  w a s  d i sso lved  i n  90% a c e t i c  ac id  and p r e c i p i t a t e d  i n t o  

water. The p rec ip i t a t ed  l i gn in  w a s  f i l t e r e d ,  washed several times 

wi th  d i s t i l l e d  water and f i n a l l y  f reeze-dr ied .  
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