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Bio-oil can be an important fuel resource for automobiles in the future, while its complex composition restricts the direct applica-
tion of the bio-oil extremely. So it is necessary to separate the complex mixture to relatively simplified fractions for goal directed 
specific treatments to reach the fuel quality for automobiles, and meanwhile different functional chemical materials and fine 
chemicals can be obtained. So it is significant to investigate the bio-oil component separating methods. Herein the method of 
column chromatography by the packing material of silica gel with two series of eluants of cyclohexane-benzene-methanol and 
cyclohexane-dichloromethane-methanol were investigated for component fractionation of the raw wood tar (oil fraction of the 
liquid product by slow pyrolysis of wood). The analytical results show that the components in cyclohexane are rich in 
alkoxyl-monophenols; the components of alkyl-monophenols and five ring oxygen-containing compounds are abundant in ben-
zene and in dichloromethane similarly; in the methanol fraction, the components are diverse and diphenols are relatively in higher 
content, comparatively small polar molecules and five ring oxygen-containing compounds are more abundant in the methanol 
fraction after being eluted by dichloromethane, and the content of 1-(4-hydroxy-3-methoxyphenyl) -2-propanone is higher after 
being eluted by benzene. 
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With declining petroleum resource and more concerns on 
environment and climate, the development for renewable 
energy is getting more necessary. Biomass is an important 
renewable and environment-benign energy resource, but in 
low energy density, so it is advantageous to convert biomass 
to the pyrolytic liquid product of bio-oil [1,2]. Bio-oil can 
be directly used for burning in boilers, and also can be a 
potential resource for fuel of automobiles. While the com-
ponents in bio-oil are very complex with high oxygen con-
tent, and therefore the method of component fractionation is 
considered for specific refinery for fuel and for chemicals. 
So it is significant to study the methods for component 
separation. Presently the main separating methods are sol-
vent extraction, distillation, and column chromatography. 

Through solvent extraction, neutral compounds, phenols,  
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acids etc. can be obtained, and some frequently used sol-
vents are hexane, benzene, toluene, ether, ethyl acetate, 
chloroform, methanol, ethanol etc. [3–6]. As in petro-
chemical industry, distillation is also a common method in 
bio-oil fractionation [7–12], while the effect was not very 
satisfactory due to the conversion of much heat sensitive 
components in bio-oil by pyrolysis and polymerization re-
actions. To solve the problem, some modified distillation 
like flash distillation, vacuum distillation, and molecular 
distillation are also tested, combined with solvent extraction, 
and the effect can be improved.  

Compared with solvent extraction and distillation, the 
reports on column chromatographic separation of bio-oil are 
much less. In Ba’s work [13], an softwood bark bio-oil was 
eluted by solvents of pentane, benzene, dichloromethane, 
ethyl acetate, and methanol in sequence with the packing 
material of silica gel. The pentane fraction was found rich in 
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alkanes and alkenes, in the benzene fraction polycyclic 
aromatic hydrocarbons (PAHs) were abundant, many phe-
nol derivatives and some oxygen containing compounds 
were detected in dichloromethane and ethyl acetate frac-
tions, and in the methanol fraction some polar compounds 
like sugars were more concentrated. In Das’s work [14], the 
bio-oil from pyrolysis of cashew nut shell was successively 
eluted by hexane/ethyl acetate mixtures and chloro-
form/methanol mixtures in different ratio with the packing 
material of silica gel, and five monocomponents in five 
fractions were obtained, and each component has the com-
mon unique head- and -tail like structure with the phenolic 
group being at the head and a long linear chain forming the 
tail. Rutkowski et al. [15] separated a dehydrated bio-oil 
into fractions by eluting solvents of hexane, benzene, ether 
and methanol, with the packing material of neutral Al2O3. It 
was found that furan derivatives, phenol and its derivatives 
were the typical oxygen-containing compounds identified in 
ether and methanol fractions, and besides the methanol frac-
tion was rich in C2-C10 carboxylic acids and glucose de-
rivatives like levoglucosenone. In Xu’s work [16], the neu-
tral components in bio-oil obtained by solvent extraction 
was eluted by solvents of cyclohexane, benzene, and 
methanol in sequence with the column packing material of 
silica gel, and it was found that the main components in 
cyclohexane were paraffins, cycloparaffins, and PAHs; in 
benzene fraction, alkyl-aromatics, phenols, and a part of 
esters were abundant; the methanol fraction was rich in 
diisobutyl phthalate and di-n-butyl phthalate. Li et al. [17] 
fractionated the bio-oil free from water and asphaltene from 
pyrolysis of apricot pit and corncob by the same eluting 
solvents and the same column packing material as that in 
Xu’s work, and the cyclohexane faction was found rich in 
PAHs; the components in benzene is more complex includ-
ing acids, phenols, and five ring oxygen-containing com-
pounds. Zhang et al. [18] eluted the volatile fraction of the 
bio-oil from sawdust, by solvents of n-heptane, benzene, 
and methanol with the column packing material of Al2O3, 
and it was found that the content of dimethyl-hydroxy-    
phenol was the highest, and methyl furan, diethylphenol, 
phenethylol, phenyl acetic acid were also in high content. 

In this paper, the column chromatographic separation of 
the original wood-tar (oil-phase of bio-oil from slow pyro-
lysis of wood) with the packing material of silica gel was 
tested, the components of the raw wood-tar was analyzed, 
and the effects of different eluting solvents were compared. 

1  Experimental method 

Silica gel (200–300 mesh) of 60 g was packed in a glass tube 
(inner-diameter 2.8cm), and then 30 mL wood-tar was added 
to the top of the column. Three solvents of cyclohexane, ben-
zene (dichloromethane), methanol were used for elution in 
sequence, and the process was promoted by increasing column  

head pressure by balloon. The solvent in the eluting solution 
was firstly distilled away, and then the rest bottom solution 
was measured and analyzed by GC-MS. The corresponding 
conditions and measurements were listed in Table 1. 

2  Analysis of the raw wood-tar 

The composition analysis is the premise and guarantee for 
component separation. So herein the raw wood-tar was 
firstly analyzed by screened gas chromatogram column and 
optimized analytical conditions. The corresponding condi-
tions are as follows: Varian 300 GC-MS; column of FFAP 
25 mm×0.25 mm×0.2 μm; injector temperature 240°C; EI 
temperature 250°C; oven temperature starts from 35°C (1 
min), then increases to 50°C (1min) by 2°C/min, then in-
creases to 80°C (1min) by 3°C/min, and then increases to 
230°C (2 min) by 4°C/min, and finally increases to 240°C 
(10 min) by 4°C/min. The total ion chromatogram (TIC) of 
the raw wood-tar is illustrated in Figure 1. 

It can be seen from Figure 1 that the components in 
wood-tar were complex, 191 peaks were found over 
0.1(area)%, and 22 peaks were over 1(area)%. The compo-
nents include almost all oxygen-containing compounds like 
phenols, alcohols, aldehydes, ketones, acids, ethers, esters, 
and some non-polar compounds like aromatics, paraffins, 
cycloalkanes, etc. Phenol derivatives were the most abun-
dant components, occupying over 40(area)%, and five ring 
oxygen-containing compounds were also in high content. 
Small alcohols and ketones mainly distributed in the reten-
tion time of 2–15 min; in the range of 15–35 min small ac-
ids and five ring oxygen-containing compounds were abun-
dant; monophenols were in high content in 35–55 min; in 
55–60 min diphenols were abundant; and in the range of 
60–70 min scattered some fatty hydrocarbons and fatty ac-
ids. The main components in raw wood-tar and the corre-
sponding area percentages were listed in Table 2. 

3  Results and discussion 

3.1  Eluted by cyclohexane-benzene-methanol  

Wood-tar was eluted by cyclohexane-benzene-methanol  

Table 1  Amount of the solvents and the bottom solution after distillation 

Exp. Solvent 
Volume of 

solvent (mL) 

Mass of bot-
tom solution 

(g) 

Volume of 
bottom solu-

tion (mL) 
Cyclohexane 300 12.82 13.6 

Benzene 265 8.81 8.6 Exp.1# 

Methanol 196.5 3.01 3.5 

Cyclohexane 304 12.48 13.1 

Dichloromethane 262.5 13.13 11.7 Exp.2# 

Methanol 243 7.36 6.4 
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Figure 1  TIC of the raw wood-tar. 

Table 2  Main components in the raw wood-tar and their area percentages 

No. RT (min) Compound name Area% No. RT (min) Compound name Area% 

1 2.722 Methyl Alcohol 4.069 22 40.991 Phenol, 4-ethyl-2-methoxy- 2.795 

2 5.555 Water 2.505 23 42.248 
Mixture of 4-methyl-phenol and 

2,4-dimethyl-phenol 
4.206 

3 17.657 2-Cyclopenten-1-one 0.602 24 42.398 Phenol, 3-methyl- 2.742 

4 18.343 2-Cyclopenten-1-one, 2-methyl- 0.774 25 42.928 Phenol, 2-methoxy-4-propyl- 1.126 

5 22.137 Acetic acid 1.843 26 43.899 Phenol, 2,3-dimethyl- 0.727 

6 23.235 Furfural 0.796 27 44.325 Phenol,2-ethyl-5-methyl- 1.155 

7 24.831 Ethanone, 1-(2-furanyl)- 0.595 28 44.519 Phenol, 3,5-dimethyl- 1.672 

8 25.299 2-Cyclopenten-1-one, 3-methyl- 0.543 29 44.657 Phenol, 3-ethyl- 0.768 

9 26.145 Butanoic acid, 2-oxo- 1.045 30 45.612 Phenol, 3,4-dimethyl- 1.115 

10 26.333 2-Cyclopenten-1-one, 2,3-dimethyl- 0.971 31 46.448 Phenol, 2-methoxy-4-(1-propenyl)- or Eugenol 1.179 

11 27.556 2-Furancarboxaldehyde, 5-methyl- 0.934 32 46.788 Phenol, 2,6- dimethoxy- 0.58 

12 29.363 Pentanoic acid 0.793 33 48.572 Phenol, 2-methoxy-4-(1-propenyl)- or Eugenol 1.836 

13 30.651 2-Furanmethanol 0.556 34 49.617 1,4:3,6-Dianhydro-.alpha.-d-glucopyranos 0.824 

14 32.67 Naphthalene 0.585 35 55.117 2-Propanone, 1-(4-hydroxy-3-methoxyphenyl)- 0.675 

15 35.592 1,2-Cyclopentanedione, 3-methyl- 1.554 36 55.313 1,2-Benzenediol, 3-methyl- 1.04 

16 36.048 Naphthalene, 2-methyl- 0.685 37 55.982 1,2-Benzenediol 1.42 

17 36.433 Phenol, 2-methoxy- 2.962 38 56.817 2,5-Dimethylhydroquinone 1.022 

18 37.772 Phenol, 2,6-dimethyl- 0.558 39 57.369 1,2-Benzenediol, 4-methyl- 1.523 

19 39.1 Phenol, 2-methoxy-4-methyl- 4.642 40 59.282 3-Allyl-6-methoxyphenol 0.547 

20 39.359 Unknown 1.148 41 65.663 Oleic acid 0.559 

21 40.232 Phenol mixed with 2-methyl-phenol 5.22   Sum 60.891 

 
with the packing material of silica gel. After the solvent in 
the eluting solution was distilled away, the bottom solution 
was analyzed. The total ion chromatograms of the bottom 
solutions were shown in Figures 2–4, and the area per-
centages of the main components were listed in Tables 
3–5. 

It can be seen from Figure 2 and Table 3 that monophe-
nols were the most abundant components in the cyclohex-
ane fraction; other types of compounds were rather little. 
Among the monophenols, alkoxyl-monophenols were more 
distinct than alkyl-monophenols. For instance, the area per-

centages of 4-methyl-2-methoxy-phenol, 4-ethyl-2-methoxy- 
phenol, and 2-methoxy-phenol were all over 5(area)%. Al-
kyl-monophenols like 2-methyl-phenol and 2,4-dimethyl-    
phenol were also in higher content, but less than those of 
alkoxyl-monophenols. 

Figure 3 and Table 4 showed that monophenols were still 
the most abundant component in benzene, while the compo-
sition of the monophenols was different to that in cyclo-
hexane. The content of alkyl-monophenols increased obvi-
ously, higher than that of alkoxyl-monophenols. For in-
stance, the content of phenol, 4-methyl-phenol, and 3-me- 
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Figure 2  TIC of the distilled cyclohexane solution. 

 

Figure 3  TIC of the distilled benzene solution. 

thyl-phenol was higher than that of the top abundant 
alkoxyl-monophenol of 2-methoxy-4-methyl-phenol. The 
content of five ring oxygen-containing compounds also in-
creased a lot, and the main representative components were 
5-methyl-2-furancarboxaldehyde, 2-hydroxy-3-methyl-2-  
cyclopenten-1-one, and 2-methyl-2-cyclopenten-1-one. 

It can be seen from Figure 4 and Table 5 that the types of 
the components were diverse and the diphenols were rela-
tively more abundant. For instance, the compound of 
4-methyl-1,2-benzenediol was the richest component. The 
five ring oxygen-containing compounds like 3-methyl-1,2-    
cyclopentanedione and 3-methyl-2-cyclopenten-1-one were 
also in a relatively higher content. The content of mono-
phenols including both alkyl- and alkoxyl- monophenols 

decreased generally, while it was interesting that the mono-
phenol compound of 1-(4-hydroxy-3-methoxyphenyl)-2-   
propanone was in a rather high content.  

It can be seen from the above results that the wood-tar 
eluted by cyclohexane-benzene-methanol with the packing 
material of silica gel can be separated into three feature dis-
tinct fractions. In general, the alkoxyl- monophenols were 
most abundant in cyclohexane; the alkyl-monophenols and 
five ring oxygen-containing compounds were rich in ben-
zene; in methanol, the components were diverse and the 
content of diphenols was relatively higher. In the viewpoint 
of application or post processing of the three fractions, the 
process for obtaining the cyclohexane fraction may be ref-
erential to the concentration of alkoxyl-monophenols, or to  
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Figure 4  TIC of the distilled methanol solution after being eluted by benzene. 

Table 3  Main components in distilled cyclohexane system 

No. RT (min) Compound name Area% 

A1 36.423 Phenol, 2-methoxy- 5.39 

A2 39.068 Phenol, 2-methoxy-4-methyl- 9.023 

A3 40.311 Phenol, 2-methyl- 3.903 

A4 40.966 Phenol, 4-ethyl-2-methoxy- 5.766 

A5 42.289 Phenol, 2,4-dimethyl- 3.043 

A6 42.917 Phenol, 2-methoxy-4-propyl- 2.42 

A7 48.568 Phenol, 2-methoxy-4-(1-propenyl)-, (E)- 2.48 

Table 4  Main components in distilled benzene and dichloromethane systems 

Exp.1# Exp.2# 
No. RT (min) Compound name 

Area% Sum Area% Sum 

B1 18.278 2-Cyclopenten-1-one, 2-methyl- 1.702 1.557 

B2 27.543 2-Furancarboxaldehyde, 5-methyl- 1.872 1.615 

B3 35.549 1,2-Cyclopentanedione, 3-methyl- or 2-hydroxy-3-methyl-2-cyclopenten-1-one 1.781 

5.355 

2.357 

5.529 

B4 36.42 Phenol, 2-methoxy- 1.62 1.795 

B5 39.039 Phenol, 2-methoxy-4-methyl- 1.891 
3.511 

1.987 
3.782 

B6 40.29 Phenol mixed with 2-methyl-phenol 8.914 8.684 

B7 42.272 Phenol, 4-methyl- 7.249 7.069 

B8 42.438 Phenol, 3-methyl- 5.777 5.418 

B9 44.537 Phenol, 3,5-dimethyl- 3.514 3.359 

B10 45.64 Phenol, 3,4-dimethyl- 1.969 

27.423 

1.782 

26.312 

B11 55.12 2-Propanone, 1-(4-hydroxy-3-methoxyphenyl)- 0.233a)  1.473  

  Summary 36.522  37.096  

a) Non-major component, just for comparison. 

 
separation between alkoxyl- and alkyl- monophenols; the 
abundant alkyl-monophenols and five ring oxygen-      
containing compounds in benzene can be further separated 
by solvent extraction due to their different acidities; the 
methanol fraction can be a source for more concentrated 
diphenols, and the other components can be more conven-
iently concentrated by post treatments like distillation 

and/or solvent extraction, since the diverse components 
were more different in properties. It is worth mentioning 
that the structure unique compound of 1-(4-hydroxy-3-      
methoxyphenyl)-2-propanone in high content in methanol, 
makes the further concentration of this component more 
easily, bringing an opportunity for its fine extraction.  

Silica gel has a stronger polarity due to the rich hydroxyl  
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Table 5  Main components in distilled methanol systems 

Exp.1# Exp.2# 
No. RT (min) Compound Name 

Area% Sum Area% Sum 

C1 15.213 2-Propanone, 1-hydroxy- 0.028a) 1.829 

C2 18.651 1-Hydroxy-2-butanone 0.034 a) 0.991 

C3 22.161 Acetic acid 0.202 a) 

0.264 

4.458 

7.278 

C4 25.058 2-Cyclopenten-1-one, 3-methyl- 1.249 1.847 

C5 29.193 2-Cyclopenten-1-one, 3-ethyl- or Butyrolactone 0.888 0.228 a) 

C6 30.663 2-Furanmethanol 0.126 a) 1.325 

C7 35.588 1,2-Cyclopentanedione, 3-methyl- 2.217 

4.48 

4.536 

7.936 

C8 39.401 Maltol 2.572  4.973  

C9 44.571 Butanoic acid, 2-propenyl ester or 2-Furanmethanol, tetrahydro- 1.772  3.561  

C10 48.134 Pentanoic acid, 4-oxo- 0.531  1.018  

C11 55.121 2-Propanone, 1-(4-hydroxy-3-methoxyphenyl)- 2.93  0.234 a)  

C12 55.296 1,2-Benzenediol, 3-methyl- 1.951 2.101 

C13 55.915 1,2-Benzenediol 4.268 6.529 

C14 56.81 1,4-Benzenediol, 2,6-dimethyl- 2.706 2.12 

C15 57.32 1,2-Benzenediol, 4-methyl- 4.466 

13.391 

6.192 

16.942 

C16 61.852 Methyl-(2-hydoxy-3-ethoxy-benzyl)ether 2.546  1.424  

  Summary 28.486  43.366  

a) Non-major component, just for comparison. 

 
group on the surface. When the wood-tar was eluted by 
non-polar solvent of cyclohexane, the component with 
stronger polar bond has a more intense force with silica gel 
and harder to be eluted off the column compared to that 
with weaker polar bond. The different eluting effect by 
cyclohexane between alkoxyl- and alkyl-monophenols is 
related to the difference between their molecular structures. 
Alkoxyl and alkyl group are both electron-donating groups. 
The repulsive effect of the electron-donating group makes 
the electron density on the benzene ring increase, and makes 
the polarity of the phenolic hydroxyl bond δO-H on the or-
tho-position and para-position decrease through the alterna-
tive polarization on the benzene ring by conjugative ef-
fect[19]. Alkoxyl group has a stronger electron-donating 
effect than alkyl group, so the force between silica gel and 
the phenolic hydroxyl bond of alkoxyl-monophenol is 
weaker than that of alkyl-monophenol, and therefore the 
alkoxyl-monophenols are easier to be eluted by cyclohexane 
than alkyl-monophenols. When the solvent of benzene with 
higher solubility and higher polarity than cyclohexane is 
applied, besides the remaining alkoxyl- and alkyl-mono-     
phenols, some stronger polar five ring oxygen-containing 
compounds were also eluted away by benzene. When the 
solvent of methanol with even higher polarity was applied, 
more components in even higher polarities including dihydric 
compounds like diphenols, multi oxygen containing com-
pound like 1-(4-hydroxy-3-methoxyphenyl)-2-propanone and 
Maltol, and some remaining five ring oxygen-containing 
compounds were eluted by methanol. So the wood-tar can 
be separated to three feature-distinct fractions when eluted 
by the solvents of cyclohexane-benzene-methanol with the 

packing material of silica gel. 

3.2  Eluted by cyclohexane-dichloromethane-methanol 

In the above case (Exp.1), the solvent of benzene is a toxic 
agent with a relatively higher boiling point (80°C), which is 
disadvantageous for the operating security and the stable-
ness of those heat sensitive components, so herein the sol-
vent of dichloromethane with slight toxicity and low boiling 
point (40oC) in displacement of benzene was tested with the 
same packing material of silica gel. The total ion chroma-
tograms of the distilled dichloromethane and methanol solu-
tions were shown in Figures 5 and 6, and the compositions 
of the two systems were listed in Tables 4 and 5 respec-
tively, together with the former results obtained from Exp.1 
for convenient comparisons.  

It can be seen from Figure 5 and Table 4 that the compo- 
sitions of the dichloromethane and benzene systems were  
very similar. In dichloromethane fraction, the alkoxyl-mo-      
nophenols and five ring oxygen-containing compounds 
were still in high content and still less than the most abun-
dant components of alkyl-monophenols as that in benzene, 
and phenol and 4-methyl-phenol were still the top two 
abundant compounds. While the content of alkyl-mono-     
phenols in dichloromethane was reduced a little bit, and the 
compound of 1-(4-hydroxy-3-methoxyphenyl)-2-propanone 
increased obviously compared with that in benzene. It may 
be because the polarity of dichloromethane is higher than 
that of benzene, and easier to elute away more polar com-
ponents. 

It can be seen from Figure 6 and Table 5 that similar to  
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Figure 5  TIC of the distilled dichloromethane solution. 

 

Figure 6  TIC of the distilled methanol solution after being eluted by dichloromethane. 

the case after benzene elution, the components in methanol 
after being eluted by dichloromethane were also very diverse, 
diphenols were relatively higher too, and the most abundant 
diphenols were still 1,2-benzenediol and 4-methyl-1,2-ben-     
zenediol. But the five ring oxygen-containing compounds 
and some small polar molecules like 3-methyl-1,2-cyclo-    
pentanedione, acetic acid, and 1-hydroxy-2-propanone were 
more concentrated, and on the contrary the content of 
1-(4-hydroxy-3-methoxyphenyl)-2-propanone was distinctly 
reduced, compared with that after being eluted by benzene. 

The increase of the small polar molecules and five ring 
oxygen-containing compounds in methanol after being 
eluted by dichloromethane should be related to the differ-
ence of the polarity between dichloromethane and benzene. 

The polarity of dichloromethane is a little bit higher than 
that of benzene but still in low level generally. Most of the 
of 1-(4-hydroxy-3-methoxyphenyl)-2-propanone can be 
eluted off the column by dichloromethane, while the more 
polar compounds like acids are still hard to be completely 
eluted away, but to the near end district of the column, and 
it makes these components more easily to be eluted by 
methanol, and therefore makes their content higher in the 
methanol fraction.  

4  Conclusions 

The column chromatographic fractionation of wood-tar was 
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investigated, by two series of eluants of cyclohexane-ben-     
zene-methanol and cyclohexane-dichloromethane-methanol, 
with the packing material of silica gel. It was found that the 
content of alkoxyl-monophenols was the highest in cyclo-
hexane; the components of alkyl-monophenols and five ring 
oxygen-containing compounds were abundant in benzene 
and in dichloromethane fractions similarly, while the con-
tent of alkyl-monophenols in dichloromethane reduced a 
little bit compared with that in benzene system; in methanol 
the components were diverse and diphenols were in higher 
content relatively, and comparatively some small polar 
molecules and five ring oxygen-containing compounds were 
more abundant in the methanol fraction after being eluted 
by dichloromethane, and the content of 1-(4-hydroxy-3-      
methoxyphenyl)-2-propanone was higher in the methanol 
solution after being eluted by benzene. 

The higher content of alkoxyl-monophenols in cyclo-
hexane indicates a referable approach for the separation of 
alkoxyl-monophenols and alkyl-monophenols. The methanol 
fraction can be a source for more concentrated diphenols, and 
the other components inside can be more conveniently con-
centrated by post treatments like distillation and/or solvent 
extraction too. The compound of 1-(4-hydroxy-3-methoxy- 
phenyl)-2-propanone in high content in methanol after be-
ing eluted by benzene makes the concentrating of this com-
ponent more easily, bringing an opportunity for its fine ex-
traction. 

This work was supported by the National Basic Research Program of 
China (2004CB719704), and the National Natural Science Foundation of 
China (0202017127). 
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