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In recent years, more and more attention has been paid to bio-energy. People are 
eager to find new substances from sustainable forest products for energy research. 
As an important forest resource, Sambucus williamsii Hance has gradually attract-
ed people’s attention. Therefore, in order to explore a new way of comprehensive 
utilization of Sambucus williamsii Hance, the root samples of Sambucus williamsii 
Hance were collected and extracted with ethanol, benzene/ethanol and methanol, 
respectively. Fourier transform infrared spectroscopy (FT-IR), thermogravimetry 
(TGA) and pyrolysis gas chromatography-mass spectrometry (Py-GC-MS) were 
used to detect the treated samples, and various substances in Sambucus williamsii 
Hance root were studied in depth. The results show that the thermal decomposition 
products of raw material powders and extracts contain many chemical substances. 
Such as (1R) - (-) –Myrtenal, D-Mannose, Furfural, O-Xylene, Phenol, 2,6-di-
methyl-. These substances have broad application prospects in chemical industry, 
bio-medicine, food additives and other fields, thus providing a theoretical basis for 
the rational use of Sambucus williamsii Hance.
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Introduction

As the basic material for human survival, energy is driving force for human develop-
ment, and its supply stability is an important guarantee for the long-term stability of the country 
[1, 2]. As a kind of renewable energy, bio-energy is the form of solar energy stored in biomass 
in other forms [3]. It comes from the photosynthesis of green plants directly or indirectly, and 
then converts into fuels in different states. It is one of the most promising fossil substitutes [4, 
5]. Therefore, in order to explore new bio-energy sources, the potential of Sambucus williamsii 
Hance in this area was studied.

Sambucus williamsii Hance belongs to deciduous shrubs or small trees. It is also 
known as Daogaolao, Cutting, Big Jiegudan and so on. It has strong adaptability, and is widely 
distributed in China [6, 7]. It is commonly found in slopes, shrubs, ditches, roadsides, houses 
and other places at 540-1600 m above sea level [8]. Sambucus williamsii Hance has various 
functions, but its medicinal value is remarkable. Its stem and branch can be used to dispel wind 
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and dampness, promote blood circulation and relieve pain, root or root bark can cure diarrhea, 
edema, injury and scald, and leaf can promote blood circulation and relieve blood stasis and 
pain [9, 10].

Although Sambucus williamsii Hance is a famous tree species in China, there are few 
studies on it at present, which results in its ineffective use. In view of this situation, Sambucus 
williamsii Hance root was sampled and treated in this experiment. Then the functional groups 
of Sambucus williamsii Hance root powder during heating were studied by FT-IR spectroscopy, 
differential scanning calorimetry (TG), Py-GC-MS. Pyrolysis reaction analysis of the change 
rule and function under different treatment conditions, then provide a theoretical basis for the 
follow-up development and utilization of bio-energy.

Material and methods

Experimental materials

Samples of Sambucus williamsii Hance root were collected from Luanchuan County, 
Henan Province. The root samples were crushed by a crusher. Some of the samples were sifted 
by 40-60 meshes and then dried at 55 ℃ and 0.01 MPa in vacuum. The remaining Sambucus 
williamsii Hance root samples were extracted with ethanol, benzene/ethanol (volume ratio 1:1) 
and methanol reagent respectively [11].

Extraction by different solvents

Samples from root were weighed at 10 g (accuracy: 0.1 mg) and put into distillation 
bottles. The 300 ml ethanol, benzene/ethanol and methanol were added respectively. Mixed sol-
vents were extracted by Full Automatic Soxhlet Extractor (FOSS) [12]. Extraction conditions: 
After 12 hours of room temperature immersion, the mixture of different reagents was extracted 
for 5 hours at 79 ℃, 67 ℃ and 65 ℃, respectively, and then filtered with filter paper soaked 
with different reagents to obtain different extracts. The filtrate was evaporated and concentrated 
to about 20 ml at 45 ℃ and 0.01 MPa in vacuum [13].

The FT-IR analysis

The FT-IR spectra of the extracted samples were obtained by FT-IR spectrophotom-
eter (Thermo Fisher Scientific IS10) using KBR disc containing 1.00% fine grinding samples. 
The instrument records infrared molecular absorption, infrared spectrum acquisition, spectral 
smoothing and baseline correction. Infrared spectroscopy usually takes wave (σ) as abscissa to 
indicate the position of absorption peak, and vertical axis transmittance (t%) to indicate absorp-
tion intensity [14, 15].

The TG analysis

The original powder samples from Sambucus williamsii Hance root were analyzed by 
thermogravimetric analyzer (SDT Q600 V20.9 Build 20). The equilibrium gas is nitrogen, and 
its release rate is 100 ml/min. The temperature program of TG starts at 30 ℃ and rises to 900 ℃ 
at the rate of 5 ℃/min, 25 ℃/min and 50 ℃/min, respectively, and keeps constant temperature 
at 900 ℃ for 5 minutes [16].

The Py-GC-MS analysis

The Py-GC-MS (Agilent 7890B-5977B) was used to analyze the powders of Sambucus 
williamsii Hance root. With high purity helium as carrier gas, pyrolysis temperature 850 ℃, 
pyrolysis time 30 seconds, pyrolysis product conveyor line and sampling valve temperature 
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300 ℃, TR-5 ms column, capillary column (30 m × 250 μm × 0.25 μm), shunt mode, shunt ratio 
50:1, shunt rate 50 ml/min, GC-PR temperature starts at 40 ℃ for 2 minutes, and rises to 120 ℃ 
at a rate of 5 ℃/min, then increases to 200 ℃ at a rate of 10 ℃/min Continue for 2 minutes. 
The temperature of ion source (EI) is 230 ℃ and the scanning range is 30-600 amu [17, 18].

Results and analysis

Infrared spectroscopic analysis

According to the relationship between organic compounds and functional groups, the 
infrared spectra of different extracts from Sambucus williamsii Hance roots were observed and 
compared, fig. 1. The result showed that the absorption peaks near 3430-3280 cm–1 may be 
caused by contractive vibration of -OH in liquid water or alcohols and phenols, the absorption 
peaks at 2950-2840 cm–1 may be caused by contractive vibration of C-H in CH3 and CH2, and 
the absorption peaks at 1670-1570 cm–1 may be caused by contractive vibration of conjugated 
and non-conjugated C=O, C=C and amide bonds. The peak at 1500 cm–1 may be caused by the 
vibration of C-C bond in benzene ring. The absorption peak at 1450-1350 cm–1 may be caused 
by O-H bending vibration in carboxylic acid. The absorption peaks at 1100-1020 cm–1 may 
be caused due to the stretching vibration 
of C-O in aryl alkyl ethers and vinyl ethers 
[19, 20]. As can be seen from the figure, the 
absorption peaks of Sambucus williamsii 
Hance root extracts are mainly concentrated 
in the range of 3430-3280 cm–1, 2950-2840 
cm–1 and 1670-1100 cm–1. According to 
the relevant information, the extracts of the 
three reagents may contain hydrocarbons 
(saturated and unsaturated), alcohols, phe-
nols, aldehydes, ketones, ethers and aro-
matic compounds.

Analysis of pyrolysis characteristics of  
Sambucus williamsii Hance root

The TGA reflects the thermal stability 
of the material, which lays a foundation 
for further study of its flame retardancy. 
The TGA was used to determine the mass 
change of the samples at 5 ℃, 25 ℃ and 
50 ℃/min heating rates. The curves of TGA 
and DTG were obtained, fig. 2.

The pyrolysis process of Sambucus 
williamsii Hance root can be divided into 
three stages. In the first stage (50-260 ℃), 
the mass loss accounts for about 7% of the 
total weight loss in the pyrolysis process, 
which is mainly caused by free water and 
some volatile small molecular substances 
in the sample. In the second stage (270-450 
℃), the main stage of sample pyrolysis is 
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Figure 1. Infrared spectra of different extracts from 
Sambucus williamsii Hance root

Figure 2. The TGA and DTG curves of three rates 
of Sambucus williamsii Hance root
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the pyrolysis stage. The pyrolysis reaction is more intense. In the pyrolysis process, the mass 
loss is mainly caused by some volatile small molecular substances. It accounted for 56% of 
the total weight loss. At the same time, with the increase of heating rate, the temperature at 
the beginning, peak and end of thermal decomposition process changes slightly to high tem-
perature. At this stage, DTG curve shows a significant peak, and the maximum temperature of 
weight loss rate increases with the increase of heating rate. The third stage (480-900 ℃) is the 
final pyrolysis process of Sambucus williamsii Hance root, which mainly occurs carbonization 
reaction. With the reaction proceeding, the TGA curve gradually tends to straight line, and the 
weight loss rate of thermal decomposition process remains basically unchanged after 700 ℃ 
[21, 22]. The thermal decomposition process of Sambucus williamsii Hance root at 900 ℃ was 
described by TGA experiment, which provided a reference for the future study of the thermal 
decomposition of Sambucus williamsii Hance.

Analysis of pyrolysis productsof Sambucus  
williamsii Hance root

Under the experimental conditions, the pyrolysis gas of Sambucus williamsii Hance 
root was determined. The gas chromatography and mass spectrometry data were obtained by 
GC-MS, and the related mass spectrometry data were analyzed and consulted.

A total of 143 chromatographic peaks were detected by Py-GC-MS analysis, a 
total of 106 compounds were identified, fig. 3. Some of them were as follows: Acetic acid 
(10.007%), 1H-Indene, 3-methyl-(1.241%), Phenol (2.261%), Bicyclo[4.2.0]octa-1,3,5-
triene (2.559%), 3-Chloro-4-hydroxyiminocarane (1.162%), Phenol, 3-ethyl-(2.245%), 
Phenol, 3-methyl-(4.978%), 1,3,5-Cycloheptatriene (4.256%), 1,3-Hexadien-5-yne (4.498%), 
2-Isopropoxyphenol (2.181%), 3-Vinyl-1-cyclobutene (1.931%), 4-Penten-1-ol (4.924%), 
Cyclopropyl carbinol (8.125%), trans-Hexa-2,4-dienyl acetate (1.932%) and so on. Some of 
them have important functions. (1R) - (-) - Myrtenal is a kind of perfume, which has a wide 
range of uses and is an important fine chemical intermediate. It can further synthesize a series of 
more valuable perfumes, such as Perilla sauce [23]. The D-Mannose is used in cell culture and 
molecular biology as well as in biochemical reagents and sweeteners. Furfural is mainly used 
as industrial solvent to produce furfuryl alcohol, furoic acid, tetrahydrofuran, gamma-pentyl 
lactone, pyrrole, tetrahydropyrrole, etc. It is used as raw material of organic synthesis, synthetic 
resin, varnish, pesticide, medicine, rubber and paint, etc. Some derivatives of furfural have strong 
bactericidal activity and broad antimicrobial spectrum [24, 25]. Furfural as a solvent can selec-
tively extract unsaturated components from petroleum and vegetable oils, and at the same time 
extract aromatic components from lubricants and diesel oil with furfural to improve the quality 

Figure 3. Total ion atlas of thermal pyrolysis of Sambucus williamsii Hance root
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of these products [26]. The O-Xylene can be used to produce phthalic anhydride, dyes, pesticides 
and drugs, such as vitamins. It can also be used as an additive for aviation gasoline [27]. Phenol 
has an important applications in chemical raw materials, alkyl phenols, synthetic fibers, rubber, 
medicine, pesticides, spices, dyes, coatings and oil refining industries. In addition, phenol can 
also be used as solvent, experimental reagent and disinfectant [28, 29]. Phenol, 2,6-dimethyl- is 
used in the production of polyphenyl ether resins, photographic agents, pesticides, polyesters 
and polyether resins. It is also the raw material of antiarrhythmic drugs for slow heartbeat  
[30-32]. Ethylbenzene is mainly used to produce styrene, then to produce styrene homopolymer 
and styrene-based copolymers (ABS, AS, etc.); a small amount of ethylbenzene is used in or-
ganic synthesis industry, such as the production of acetophenone, ethylanthraquinone, p-nitro-
acetophenone, methyl phenyl methyl ketone and other intermediates. Ethylbenzene is used in 
medicine as an intermediate for synthesizing chloramphenicol and chloramphenicol. It is also 
used in perfumes and solvents [33, 34]. Phenol, 3-methyl-is mainly used as pesticide interme-
diates in the production of insecticides such as fenthion, methomyl and pyrethroid-like isophe-
noxybenzaldehyde. It is also used in analytical reagents, organic synthesis, color film, resin 
plasticizer, perfume, medicine, antioxidants and other industries requiring the use of m-cresol 
in chemical industry [35, 36]. Bicyclo [4.2.0]octa-1,3,5-triene monomers possess thermody-
namic stability of aromatic compounds and dynamic reactivity of strain rings. After heating to 
200 ℃, the Quaternary ring opens and forms a highly active polymerizable intermediate. The 
polymerizable intermediate can not only react with Diels-Alder addition of diene monomers, 
but also react with each other to form polymers [37-39]. The functions of some other substances 
need to be further developed and studied.

Conclusions

The infrared absorption peaks of different extracts from Sambucus williamsii Hance 
roots were mainly between 3430-3280 cm–1, 2950-2840 cm–1 and 1670-1100 cm–1. According to 
the relevant information, the extracts of the three reagents may contain hydrocarbons (saturated 
and unsaturated), alcohols, phenols, aldehydes, ketones, ethers, aromatic compoundsand so on.

The TGA shows that the pyrolysis process of Sambucus williamsii Hance root original 
powder can be divided into three stages. The first stage (50-260 ℃) is relatively slow thermal 
decomposition with low weight loss rate, mainly evaporation of liquid water molecules; the 
second stage (270-450 ℃) is an important stage of thermal decomposition with weight loss 
about 56%; the third stage (480-900 ℃) is the carbonization of some high temperature resistant 
materials.

High temperature pyrolysis, the original powder of Sambucus williamsii Hance root 
contained more bio-active substances, after consulting relevant information and analyzing the 
results of previous studies, most of these bio-active substances play an important role in bio-en-
ergy, chemical raw materials, bio-medicine and food industry, it is worthwhile for us to explore 
its value deeply.

In conclusion, Sambucus williamsii Hance root has high value. The research not only 
provides guidance for the development and utilization of the potential value of Sambucus wil-
liamsii Hance root, but also reminds us to pay attention to the research and development of its 
deeper utilization value while utilizing the forest resources endowed by nature, which not only 
points out the direction of development for the utilization of contemporary resources, but also 
for future generations. Classification lays a solid foundation for further exploration of energy 
resources.
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