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ABSTRACT 

The utilization of biomass pyrolysis oils or isolated fractions of these feedstocks 
requires a fast overall characterization technique. Gas chromatographic techniques 
typically analyze only the volatile fraction (52-502) of underivatized oils. With 
proper choice of solvent and detector systems, the HPSEC on polystyrene- 
divinylbenzene copolymer gels of the whole oils can provide valuable information on 
the apparent molecular weight distributions and changes that occur upon aging or 
chemical fractionation. Several pyrolysis oils have been analyzed as well as 
fractions isolated by solvent elution Chromatography. In order to understand better 
the observed low-molecular-weight region, a number of model substances of the main 
classes of compounds found in pyrolysis oils have been investigated. While hydrogen 
bonding between the phenolic groups and tetrahydrofuran occurs, solute-solute 
interactions can be kept very small by operating at very low concentrations of 
solute; solute-gel interactions do occur when polycyclic aromatic compounds 
predominate. HPSEC provides very good information on shelf life, reactivity of 
pyrolysis oils, and comparison of oils as a function of process conditions. 

INTRODIICTION 

Many biomass pyrolysis processes produce 552-652 conversion of the dry biomass to a 
very inexpensive pyrolysis oil (1-3). Costs of the oils will range from $0.02- 
$0.08/lb of oil. depending on the biomass feedstock cost ($10-$40/dry ton 
biomass). Therefore, these inexpensive oils, rich in phenolic fractions, acids, and 
furan-derivatives can be feedstocks for further upgrading or could be used because 
of their reactivity, in applications such as thermosetting resins and other wood- 
bonding methods. One of the important considerations for this use or further 
processing is the stability of the oil. Fast techniques to determine such 
properties become necessary. We present a method of characterization of pyrolysis 
oils and chemically isolated fractions using high-performance size exclusion 
chromatography ( 4 - 5 ) .  a technique commonly employed in the determination of the 
molecular weight distribution of polymers. We discuss the potential of the method 
and its limitations. Classes of model compounds commonly found in these oils have 
been investigated in the low-molecular-weight range t o  shed light on interactions 
between solute and solvent, solute and gel material (polystyrene-divinylbenzene), 
and solute-solute which can be kept to a minimum by operating at very dilute 
conditions. 

EWERMENTAL 

High performance size exclusion chromatography was performed on Hewlett-Packard 1084 
and 1090 liquid chromatographs using HP1040A diode array and HP-1037A refractive 
index detectors. Data were stored on s HP 85 microcomputer. The colwnns (300 x 
7 mm) used in this study were purchased from Polymer Laboratories Inc. and were a 
PL 100 A (10 p particles) and a PL 50 A (5 p particles). lhe solvent employed was 
tetrahydrofuran (Burdick and Jackson, chromatographic grade) used as received. 
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Deta i l s  on t he  p r e p a r a t i o n  of  py ro lys i s  oils a t  SERI i n  t h e  entrained-f low,  f a s t  
a b l a t i v e  p y r o l y s i s  r e a c t o r  can be found i n  a r e p o r t  by Mebold and S c a h i l l  ( 2 ) .  

The l i g n i n  model compounds were prepared by J. A. Hyatt  (6); a l l  t h e  o t h e r  model 
compounds were purchased from t h e  Aldrich Chemical Co. 

RESULTS AND DlSC[ISSIOR 

Comparison of P y r o l y s i s  Oils Obtained from Various Sources. ?he HPSEC of fou r  wood 
pyro lys i s  o i l s  ob ta ined  from t h e  en t r a ined  flow, f a s t  a b l a t i v e  p y r o l y s i s  r e a c t o r  a t  
SERI a r e  shown i n  Figure 1. Ihe o i l s  were obtained from two s e p a r a t e  runs and 
c o l l e c t e d  from two d i f f e r e n t  scrubbers .  The apparent  molecular weight d i s t r i b u t i o n s  
of the fou r  oils a r e  ve ry  s i m i l a r .  i n d i c a t i n g  l i t t l e  s e l e c t i v i t y  on t h e  b a s i s  of 
molecular weight d i s t r i b u t i o n .  Figure 2,  however, shows t h e  HPSE chromatograms of a 
number of o the r  p y r o l y s i s  o i l s  obtained under a v a r i e t y  of c o n d i t i o n s  from many 
d i f f e r e n t  sources .  C l e a r l y ,  some of t h e  o i l s  con ta in  components of h igh  apparent  
molecular weight even t o  t h e  ex ten t  t h a t  some a r e  excluded from t h e  pores  of t h e  
column polymer, i n d i c a t e d  by t h e  peaks a t  about 4 .5  minutes in t h e  chromatograms. 
The o i l s  a l s o  have va ry ing  amounts of more sha rp ly  resolved components a t  lower 
apparent  molecular  weight. Thus, HPSEC may be used t o  c h a r a c t e r i z e  py ro lys i s  o i ls  
obtained from d i f f e r e n t  sou rces ,  and comparisons may be drawn rega rd ing  t h e i r  
r e l a t i v e  appa ren t  molecular  weight d i s t r i b u t i o n s  a s  long a s  the  ana lyses  were 
c a r r i e d  ou t  under t h e  same chromatographic cond i t ions .  

The wood o i l  obtained from t h e  packed scrubber  i n  Run 4 1  a t  S E R l  was a l s o  subjected 
t o  f r a c t i o n a t i o n  by s e q u e n t i a l  e l u t i o n  by s o l v e n t s  chromatography (SESC) according 
t o  the  method o f  I s v i s  e t  al.  (7). The f r a c t i o n s  obtained were a l s o  analyzed by 
HPSEC and t h e  chromatograms a r e  shown i n  Fiaure 3. Ihe HPSEC shows a g e n e r a l  t r end  
t o  higher  apparent  molecular  weight as t h e  p o l a r i t y  of t h e  e l u t i n g  solvent  was 
increased up t o  methanol.  A number o f  t h e  f r a c t i o n s  appear  t o  con ta in  r e l a t i v e l y  
l a r g e  amounts of d i s t i n c t  components ( t h e  sha rp  peaks) of lower apparent  molecular 
weight. The s i x t h  f r a c t i o n  was produced by going back t o  a l e s s  po la r  solvent .  A 
seventh f r a c t i o n  was produced using a more po la r  e luan t  of 10% a c e t i c  acid in 
methanol which could no t  be analyzed by HPSEC because i t  was in so lub le  i n  
te t rahydrofuran.  About t h r e e q u a r t e r s  of t h e  o i l  was found in F r a c t i o n s  3, 4 ,  and 
5 .  the  l a s t  being t h e  major f r a c t i o n .  If  t h e  chromatograms i n  Figure 3 were 
combined t ak ing  i n t o  account  t h e  y i e l d s  of t h e  v a r i o u s  f r a c t i o n s  then,  as expected, 
a c lose  comparison could be made with t h e  chromatogram in Figure 1 of t h e  
un f rac t iona ted  o i l .  

Doubts have been expressed t h a t  t h e s e  p y r o l y s i s  o i l s  could have molecular  weights a s  
high as i n d i c a t e d  by t h e s e  chromatograms a s  they  a r e  obtained by condensat ion of t h e  
primary vapors  from pyro lys i s .  Analysis  by techniques r e q u i r i n g  r evapor i za t ion  of 
t h e  o i l s  c o n s i s t e n t l y  does not d e t e c t  high-molecular-weight components, poss ib ly  
because they  a r e  d i f f i c u l t  t o  vaporize and a l s o  because they  may be thermally 
degraded t o  e i t h e r  h i g h e r  o r  lower molecular  weight components ( 8 )  O K  both.  It has  
been suggested t n a t  t h e  h igh  apparent  molecular weights observed by HPSEC a r e  the 
r e s u l t  of so lu t e - so lu t e  o r  solute-solvent  a s s o c i a t i o n s  producing high-molecular- 
weight complexes. To v e r i f y  the r e s u l t s  obtained by HPSEC. t h e  t h r e e  major 
f r a c t i o n s  and t h e  o r i g i n a l  un f rac t iona ted  oil were sub jec t ed  t o  proton NMR 
ana lys i s .  The s p e c t r a  o f  F rac t ion  5 and the o r i g i n a l  oil c o n t a i n  broad peaks 
c h a r a c t e r i s t i c  o f  i r r e g u l a r  polymers such a s  l i g n i n ,  while  t h e  s p e c t r m  of 
F rac t ion  3 con ta ins  sha rp  peaks i n d i c a t i v e  of a mixture of s imple r ,  low-molecular- 
weight compounds; F rac t ion  4 is i n t e rmed ia t e  between 3 and 5. 'Ihus, t h e  HPSEC and 
proton NMR s p e c t r a  appear  t o  be in gene ra l  agreement i n  t h a t  t h i s  py ro lys i s  oil 
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con ta ins  mixtures of poss ib ly  h ighe r  molecular weight polymeric components and 
s impler  l o w - m o l e c u l a r r e i g h t  compounds. 

Many of t h e  chromatograms shown h e r e  a r e  of samples whose h i s t o r y  of handl ing and 
age a r e  not known in d e t a i l .  It has been suggested t h a t  because o f  t h e  ve ry  
r e a c t i v e  and a c i d i c  n a t u r e  of t h e s e  o i l s  t h a t  t h e  high molecular  weights  observed 
a r e  produced a s  t h e  o i l s  g e t  o l d e r  and a r e  exposed t o  ambient cond i t ions .  
Consequently,  a s tudy has  been s t a r t e d  t o  examine t h e  e f f e c t s  of aging and t h e  
cond i t ions  under which p y r o l y s i s  o i l s  a r e  s tored.  A p y r o l y s i s  o i l  w a s  produced i n  
t h e  SERI  entrained-flow. f a s t  a b l a t i v e  p y r o l y s i s  r eac to r .  In t h i s  r e a c t o r ,  t h e  
primary vapors a r e  scrubbed ou t  w i t h  water  such t h a t  about  90% a r e  d i s so lved  out.  
One sample of t h i s  aqueous s o l u t i o n  o f  p y r o l y s i s  o i l  was s t o r e d  a t  4OC and t h e  o t h e r  
was analyzed by HPSEC. I h e  sample t o  be analyzed was made up by d i s so lv in l :  a small 
amount of t h e  aqueous s o l u t i o n  in te t rahydrofuran.  S to rage  was under ambient 
cond i t ions .  Ihe THF s o l u t i o n  was analyzed s e v e r a l  t imes over  t h e  pe r iod  of a week 
t o  look f o r  changes in i t s  HPSE chromatogram as shown i n  Figure 4. A t  t h e  end of 
t h i s  per iod.  t h e  sample kep t  at  4OC was a l s o  analyzed t o  determine t h e  e f f e c t  of 
ag ing  on t he  oil. Actua l ly ,  a phys i ca l  change took p l a c e  on t h e  aqueous sample 
s to red  a t  4OC i n  t h a t  a small  amount of tar  sepa ra t ed  out on t h e  bottom of t h e  
v i a l .  Consequently,  tw samples were made up i n  THF from t h e  cooled sample, one 
from t h e  aqueous pa r t  and one from t h e  t a r .  Figure 5 compares t h e  HPSEC of  t h e  
sample kept  a t  ambient c o n d i t i o n s  t o  those of t h e  cooled samples. The HPSEC of t h e  
t a r  sample shows i t  c o n s i s t s  of r e l a t i v e l y  much l a r g e r  amounts of material h ighe r  i n  
apparent  molecular weight.  The aqueous f r a c t i o n  of t h e  cooled sample appears  very 
s i m i l a r  t o  t h e  sample s t o r e d  a t  2S0C, a l though t h e  l a t t e r  does appear  t o  c o n t a i n  a 
s l i g h t l y  l a r g e r  r e l a t i v e  amount o f  appa ren t ly  h ighe r  molecular weight ma te r i a l .  I h e  
degree t o  which s t o r a g e  a t  lower temperature  h a s  prevented any i n c r e a s e  i n  molecular  
weight of t h e  py ro lys i s  o i l  w i th  t ime i s  d i f f i c u l t  t o  a s c e r t a i n  because of t h e  
f r a c t i o n a t i o n  of t h e  r e f r i g e r a t e d  sample. lhe sample kep t  a t  ambient cond i t ions  d i d  
not have t h e  oppor tun i ty  t o  f r a c t i o n a t e  because of t h e  s o l v e n t  i t  was d i s so lved  In. 

The HPSEC of t h e  u n r e f r i g e r a t e d  sample (Figure 4) d i d  i n d i c a t e  t h a t  t h e  p y r o l y s i s  
o i l  "aged" over t h e  per iod of a week wi th  i n c r e a s i n g  amounts of appa ren t ly  h ighe r  
molecular weight components being produced wi th  t i m e .  k s t  o f  t h e  samples ob ta ined  
from o u t s i d e  of SERI are much o l d e r  than one week. P y r o l y s i s  o i l s  are g e n e r a l l y  
ve ry  r e a c t i v e  so t h a t  u n l e s s  t hey  are e f f e c t i v e l y  s t a b i l i z e d  i n  some way, i n c r e a s i n g  
molecular  weight should be expected as t h e y  g e t  o lde r .  

mat are t h e  L imi t a t ions  of HPSEC as a Technique When Applied to P g r o l y s i s  011 

+ t h e  proper choice o f  s o l v e n t  t o  d i s s o l v e  t h e  sample, t h e  whole o f  t h e  sample may be 
analyzed under ve ry  mild cond i t ions .  Because HPSEC is  an i s o c r a t i c  technique.  
d i f f e r e n t i d  r e f r ac tomete r s  may be used a s  d e t e c t o r s  so t h a t ,  again,  a l l  of t h e  
sample may be detected.  ?is i s  not a g r e a t  concern when app l i ed  t o  p y r o l y s i s  o i l s .  
as they  t end  t o  absorb q u i t e  s t r o n g l y  in t h e  u l t r a v i o l e t .  With a modern W - v i s i b l e  

t d iode a r r a y  d e t e c t o r ,  a n m b e r  of wavelengths can be monitored t o  ensure a l l  t h e  
components of t h e  o i l  a r e  monitored. However, t h e  e l u t i n g  s o l v e n t  must be chosen 
such t h a t  a l l  t h e  sample i s  d i s so lved .  and as p y r o l y s i s  o i l s  a r e  f a i r l y  p o l a r  and 
o f t e n  con ta in  water,  t h e  s o l v e n t  w i l l  a l s o  need t o  b e  f a i r l y  polar .  The combination 
of polar  s o l u t e s  and po la r  s o l v e n t s  means t h a t  so lu t e - so lven t  i n t e r a c t i o n s  through 
hydrogen bonding must be a concern.  Tetrahydrofuran,  probably t h e  most popular 
so lven t  f o r  HPSEC, can form hydrogen bonds with c e r t a i n  s p e c i e s  such a s  phenols  
producing a complex molecule e x h i b i t i n g  g r e a t e r  molecular  s i z e  and lower r e t e n t i o n  
volume than would be expected (9). When nonpolar s o l v e n t s  are used such a s  to luene  
or chloroform, t h e  molecular  s i z e  should be r e l a t i v e l y  una f fec t ed ,  but o i l  
s o l u b i l i t y  then becomes ve ry  l imi t ed .  The use o f  s o l v e n t s  of g r e a t e r  s o l v a t i n g  

/ Character izatfon.  One o f  t h e  major advantages of HPSEC as a technique i s  t h a t  w i th  
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power, such as dimethyl  formamide, a l s o  gene ra t e s  problems (10) due t o  so lu t e - so lu t e  
a s s o c i a t i o n ,  i n t e r a c t i o n  between polystyrene s t anda rds  and t h e  column g e l  and column 
gel-solvent  i n t e r a c t i o n s .  

The o the r  major l i m i t a t i o n  of HPSEC as a technique comes from t h e  d e s i r e  to 
c o r r e l a t e  s o l u t e  e l u t i o n  t i m e  w i th  molecular weight. As s t a t e d  i n  i t s  name, t h i s  i s  
a method of s e p a r a t i o n  based on molecular s i z e .  HPSEC columns con ta in  a polymer g e l  
of polystyrenedivinylbenzene produced wi th  a c o n t r o l l e d  pore s i z e  d i s t r i b u t i o n .  
So lu te s  of d i f f e r e n t  s i z e  a r e  sepa ra t ed  by t h e  d i f f e r e n t  degrees  of t h e i r  
pene t r a t ion  i n t o  t h e  pores  of t h e  ge l .  Zhe parameter t h a t  can be obtained from 
HPSEC is e f f e c t i v e  molecular  l eng th ;  e.g., m a t e r i a l  excluded from a column 
containing g e l  w i th  100 A pores  should have an e f f e c t i v e  molecular  l e n g t h  of 100 A 
o r  greater .  To c o r r e l a t e  r e t e n t i o n  t imes t o  molecular weight,  i t  i s  necessary t o  
use c a l i b r a t i o n  s t a n d a r d s  s i m i l a r  in s t r u c t u r e  t o  t h e  s o l u t e  whose molecular  weight 
is being determined. The most common c a l i b r a t i o n  m a t e r i a l s  used a r e  po lys ty renes  of 
low po lyd i spe r s i ty .  Others used include s t r a i g h t  chain a lkanes ,  polyethylene 
g l y c o l s ,  and t h e  r e l a t e d  m a t e r i a l s  IGEPALS" t h a t  a r e  4-nonylphenyl terminated. I f  a 
column were c a l i b r a t e d  wi th  s t r a i g h t  chain a lkanes ,  i t  i s  u n l i k e l y  t o  be much good 
f o r  ob ta in ing  molecular  weights  o f  aromatic  s o l u t e s ,  as a benzene r i n g  is on ly  about 
a s  long a s  propane, and anthracene i s  on ly  about  a s  long as  hexane. When d e a l i n a  
wi th  much l a r g e r  molecu le s ,  i t  is d i f f i c u l t  to e s t i m a t e  what t h e i r  s i z e  might be in 
t h r e e  dimensions in so lu t ion .  Although p y r o l y s i s  oils have a h igh  l e v e l  of aromatic  
components, e s p e c i a l l y  pheno l i c s ,  t h e y  a r e  a ve ry  complex mixture  of components, and 
so i t  is u n l i k e l y  t h a t  any one s e t  of c a l i b r a t i o n  s t anda rds  would do a ve ry  good 
job. Desp i t e  t h e s e  l i m i t a t i o n s ,  HPSEC can g ive  an idea  of t h e  molecular weight 
d i s t r i b u t i o n  of a n  o i l  and c e r t a i n l y  can be used i n  comparing o i l s .  Es t ab l i sh ing  
molecular weights  f o r  l o w l n o l e c u l a r w e i g h t  components is probably t h e  most d i f f i c u l t  
task.  F igu res  6 and 7 compare t h e  a c t u a l  molecular weights  of a v a r i e t y  of 
d i f f e r e n t  t ypes  o f  compounds wi th  t h e i r  appa ren t  molecular  weights  c a l c u l a t e d  from 
t h e i r  r e t e n t i o n  t imes  on 50 A 5 p HPSEC column c a l i b r a t e d  with polystyrenes and 
IGEPALS. I f  t h e  c a l i b r a t i o n  was good f o r  a l l  compounds, then they  should a l l  f a l l  
on the  s t r a i g h t  lines. Zhe aromatic  hydrocarbons fo l low t h e  c a l i b r a t i o n .  but  t h e  
aromatic  a c i d s  and naphthalenes d e v i a t e  g r e a t l y  and i n  oppos i t e  d i r e c t i o n s .  The 
aromatic a c i d s  c o n t a i n  bo th  ca rboxy l i c  and phenol ic  groups and so probably have 
higher  apparent  molecular  weights  t han  their  a c t u a l  molecular weights  because of 
hydrogen bonding wi th  t h e  s o l v e n t  t e t r ahydro fu ran .  "he naphthalenes have lower 
apparent  molecular  weights  t han  a c t u a l  not on ly  because t h e i r  condensed s t r u c t u r e  
makes them r e l a t i v e l y  small f o r  t h e i r  molecular weight,  but  also because of 
i n t e r a c t i o n s  between t h e s e  s o l u t e s  and t h e  column gel .  P h i l i p  and Anthony ( 9 )  
observed r e t e n t i o n  volumes t h a t  were longe r  than  expected f o r  an th racene ,  
benzopyrene, and coronene, cons ide r ing  t h e i r  molecular s i ze .  ' h e y  a t t r i b u t e d  t h i s  
behavior t o  i n t e r a c t i o n  o f  t h e s e  h igh ly  a romat i c  s o l u t e s  w i th  t h e  phenyl groups of 
t h e  polymer cha ins  of t h e  g e l s .  

The phenols and lignin model compounds follow t h e  c a l i b r a t i o n  q u i t e  c l o s e l y ,  tending 
to show s l i g h t l y  h i g h e r  apparent  molecular  weights  t han  they  a c t u a l l y  have, probably 
beczme  Of S 6 6 O C i a t i G i i  w i th  t h e  solvent .  Th i s  is encouraging f o r  t he  HPSEC of 
py ro lys i s  oils as t h e s e  t y p e s  of compounds a r e  more l i k e l y  t o  be present .  Heavily 
cracked o i l s .  however, can be r i c h  in polynuclear  aromatics .  

\ 
I 

Solute-solute  a s s o c i a t i o n  has  no t  been observed for  any of t h e s e  molecules or f o r  '-- 
o t h e r s  when using t e t r ahydro fu ran  a s  solvent. Retent ion t ime changes of l e s s  than 
0.01 minutes were observed i n  changing sample concen t r a t ions  i n  t h e  mg/mL range (-4 
mg/mL) to t h e  ng/mL range  (-3 pg/mL) when i n j e c t i n g  5 p 1  of t h e s e  s o l u t i o n s .  HPSEC 
Of PYrOlySIS o i l  samples made up i n  t h i s  concen t r a t ion  range should a l s o  b e  f r e e  of 
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so lu t e - so lu t e  a s s o c i a t i o n  which would a r t i f i c a l l y  inc rease  the  apparent  molecular 
weight of t h e  o i l s .  

CONCLUSIONS 

HPSEC has  been shown to be a u s e f u l  method of c h a r a c t e r i z i n g  p y r o l y s i s  o i l s  because 
it examines the whole of t h e  o i l .  Using p o l y s t y r e n e d i v i n y l  benzene polymer g e l  
columns, te t rahydrofuran a s  so lven t  and polystyrenes and IGEPALS a s  c a l i b r a t i o n  
s tandards a good i n d i c a t i o n  of molecular  weight d i s t r i b u t i o n  can be obtained f o r  
o i l s  from a v a r i e t y  of sources .  l h e  h igh  apparent  molecular weights  observed appear 
to be r e a l ,  and some co r robora t ion  i s  seen in proton NMR spec t r a .  Although some 
so lu t e - so lven t  a s s o c i a t i o n  can be expected, use of pheno l i c  model compounds has  
shown t h a t  HPSEC can g ive  a good i n d i c a t i o n  of molecular  weight. However, i f  t h e  
o i l s  contained l a r g e  amounts of e i t h e r  much more po la r  compounds or condensed 
aromatic  compounds, then i n t e r p r e t a t i o n  of HPSEC on t h e  b a s i s  of molecular  weight 
would be much more d i f f i c u l t .  P y r o l y s i s  o i l s  are r e a c t i v e  m a t e r i a l s  and an 
awareness of t he  l eng th  of t ime and cond i t ions  under which they a r e  kep t  mst be 
maintained and is important  f o r  f u r t h e r  processing.  
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FIGURE 1, HPSEC OF \Jon;, PYROLYSIS OILS F ~ O M  
THE SERI ENTRAINED-FLOW, FAST 
ABLATIVE PYROLYSIS REACTOR. 
ANALYSIS ON PL GEL 100A, I O N  PC 
COLUMN USING THF AT 1 ML M I N - ~  WITH 
DETECTION AT 330 NM (BANDWIDTH 
140 NM), 
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FIGURE 2. HPSEC OF WOOD PYROLYSIS OILS FROM A VARIETY 
OF SOURCES, ANALYSIS CONDITIONS AS PER 
FIGURE 1, 

1 = OIL FROM D, S ,  SCOTT, U..OF-WATERLOO, FLASH 

2 = OIL FROM C, ROY, U, DE SHERBROOKE, VACUUM 

3 = OIL FROM C, ROY, U, DE SHERBROOKE, VACUUM PYROLYSIS 

4 = O I L  FROM J, HOWARD, E!, C,  RESEARCH, SUPERCRITICAL 

5 = OIL FROM S ,  KALIA~UINE, U, OF LAVAL, SUPERCRITICAL 

METHANOL EXTRACTION OF ASPEN a 35OoC, 1500 PSI, 

6 = OIL FROM C, ROY, U. DE S;ERBROOKE, VACUUM 

PYROLYSIS OF ASPEN 6) 315 CJ 0.7 MM OF HG. 

PYROLYSIS OF HYBRID POPLAR-ASPEN. 

PYROLYSIS OF AVICEL &I 306OC. 

OF ASPEN POPLAR a 534OCJ 282 MM OF HG, 

ACETONE EXTRACTlON OF ASPEN, 
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FIGURE 3, HPSEC nF SESC FRACTIONS FROM VOOD 
PYROLYSIS OIL RUN #41 PACKED SCRUBBER, 
ANALYSIS ON PL GEL 100 A 10 GP 
COLUMN USING THF AT 0,s ML~IN-! WITH 
DETECTION AT 330 NM (BANDWIDTH 140 NM) , 

FRACTION 1 ELUTED WITH 15% TOLUENE IN HEXANE, YIELD 
0,4%. 

FRACTION 3 ELUTED WITH 7,SX ETHER I N  CHLOROFORM, 
YIELD 15,6%, 
FRACTION 4 ELUTED WITH 5% ETHANOL IN ETHER, YIELD 
19.5X, 

FRACTION 2 ELUTED WITH CHLOROFORMj Y!ELD 1.5%. 

FRACTION 5 ELUTED WITH METHANOLj YIELD 38.u. 
FRACTION 6 ELUTED WITH 4% ETHANOL 1N THFj YlELD 3,1%, 
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FIGURE 7. APPLICABILITY OF CALIBRATION FOR PHENOLS 
AND LI GV IN MODFL COMPOUNDS. 

PHENOL; 4 = GUAIACOL; 5 = SYRINGYL ALCOHOL; 
6 = ACETOVANILLONE, LIGNIN MODELS: SEE 
REF, 6 FOR DETAILED DESCRIPTION, 

B = 8-0-4 TETRAGER HEPTAOL, CelH5245 

ACTUAL MOL, W T ,  

1 = PHENOL; 2 = P-CRESOL; 3 = 2-PROPYL 

A = 5 2 5 ' 3 1  PHENYL TETRAMER HEXAOL, C42H54014 

c = 8-0-4 DIMER TRIOL, C17H2006 
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