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Thermogravimetric analysis (TGA) was used to study the thermal weight loss behavior of Pinus armandii Franch 

bark. The results showed that the pyrolysis reaction of P. armandii Franch bark was mainly carried out after 

220°C, and the thermal stability was better before 220°C. The pyrolysis behavior and products of P. armandii 

Franch bark were studied by pyrolysis-gas phase-mass spectrometry (Py-GC/MS). The identified compounds can 

be classified into esters, alcohols, carbohydrates, acid anhydrides, aldehydes, ketones, alkenes, and organic acids. 

Key words: Pinus armandii Franch bark; TG; PY-GC-MS 

Ⅰ Introduction 
The bark of trees has many practical uses, one of which is artistic bark painting, commonly birch bark and silver 
brocade painting. Birch bark painting is based on the birch epidermis and deep skin of trees in the Changbai 
Mountain (Masendra et al. 2018). The bark characteristically exposes many layers, has good toughness, soft and 
smooth texture, and is easy to engrave and color. As early as the Qing Dynasty, Jilin used the birch bark to make 
a tribute for the palace (Treinyte et al. 2018).  
The bark not only absorbs many toxic substances in the environment, but also is an excellent indicator of the 
atmosphere. It can monitor the pollution of the atmospheric environment from the amount of toxic substances 
adsorbed by the bark over the years (Geetha and Chakravarthula 2018).  
Pinus armandi Franch adapts to cool and humid climate, is not resistant to cold and damp heat, slightly resistant 
to dryness and thinness (Ogundajo et al. 2018). It is used for materials in construction, furniture, and wood fiber 
industry. The trunk can cut the resin; the bark can extract the tannin; the needle can extract the aromatic oil; the 
seed can be eaten or pressed. Its pollen, known in medicine as “song yellow”, soaked in warm clothes, has the 
effect of healing traumatic bleeding, scalp and swelling, and can also be used as a talcum powder to prevent sweat 
rash (Fu et al. 2018). Using a sharp knife to cut the cortex of the pine trunk, the rosin is discharged, and the 
turpentine is fractionated to separate the volatile turpentine, leaving a hard, transparent amber rosin (Marius et al. 
2018). 
In this study, thermogravimetry (TG) and pyrolysis gas chromatography/mass spectrometry (PY-GC-MS0 
techniques were used to analyze the composition of Pinus armandii Franch bark, which provided a theoretical 
basis for the rational use of Pinus armandii in the pharmaceutical and food industries (Li et al. 2018, Okoye et al. 
2017, Rebeca Cardenas-Moreno et al. 2016). 

Ⅱ Material and Methods 
Experimental Materials 
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Samples were collected from the Xixia Forest District in Henan Province. The samples were processed into 
powders. 
TG Analysis 
The samples of Pinus armandii Franch bark were analyzed by thermogravimetric analyzer (TGA Q50 V20.8 
Build 34) (Rojek and Wesolowski 2018). The nitrogen release rate was 60 ml/min. The temperature program of 
TG started at 30ºC and rose to 300ºC at a rate of 5 ºC/min (Bobrowski et al. 2018, Lam et al. 2019).  
Py-GC-MS Analysis  
Catalyzed and pretreated samples were analyzed by pyrolysis-gas chromatography-mass spectrometry 
(CDS5000-Agilent 7890B-5977A ISQ) (Dong et al. 2013, Orozco et al. 2008). Carrier gas for high purity helium, 
pyrolysis temperature of 500°C, heating rate of 20 °C/ms, pyrolysis time of 15 s. The pyrolysis product transfer 
line and injection valve temperature was set at 300°C; HP-5MS column; capillary column (60 m × 250 μm × 0.25 
μm); parallel mode, the split ratio 1:60, shunt speed 50 mL /min (Yuan et al. 2015). The temperature of the GC 
program was raised from 40°C for 2 min, raised to 120°C at a rate of 5 °C/min and then raised to 200°C at a rate 
of 10 °C/min for 15 mins. Ion source (EI) temperature of 230°C, the scanning range of 28 amu-500 amu (Xie et 
al. 2007). 

Ⅲ Analysis of TGA and DTG 

Figure 1. TGA and DTG thermal curves of the bark of Pinus armandii Franch 
Figure 1 shows the TGA and DTG curves of Pinus armandii Franch bark. As can be seen from the figure, the 
weight loss process of pyrolysis can be divided into three stages. The first stage is between 18°C and 100°C, 
which is the evaporation phase of water. At this stage, the weight loss of the sample is small, and the weight loss 
is mainly caused by the loss of biomass. The mass ratio at this stage is reduced from 100% to 97%, and only 2% 
of the mass loss. The second stage is between 100°C-200°C, when the mass ratio decreased from 97% to 95%, 
the mass loss was 2%, and the weight loss was less, indicating that the material has good thermal stability (Chen 
et al. 2015, El-Sayed and Mostafa 2015). The third stage is between 256°C and 300°C. During the combustion 
phase of the remaining components, as the temperature increases, the cellulose and hemicellulose in the pine bark 
of Pinus armandii Franch rapidly cleave and generate a large amount of volatile gas, resulting in weightlessness 
(Ahmed et al. 2018). These three stages exhibit different properties, with different kinetic parameters and reaction 
mechanisms, and the final residual mass is 66.46%. In the whole process, the thermal gravity of the bark is only 
about 30%, the weight loss is small, the mass change is small, and the rate is low. TG test shows that Pinus 
armandii Franch bark has high resource utilization potential. 

Ⅳ Analysis of Py-GC-MS 
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Figure 2: Total ion chromatograms of Pinus armandii Franch bark via PY-GC-MS. 
According to the results of PY-GC-MS analysis in Figure 2, 266 peaks were detected, and 241 chemical 
constituents were identified. The content of more substances are as follows:.β.-D-Glucopyranose, 1,6-anhydro- 
(2.10%),2-Propanone, 1-hydroxy-(3.06%), Acetic acid (4.20%), Catechol (2.44%), Creosol (2.24%), Ethyne, 
fluoro- (6.54%), Glycido l(4.33%) ,Methyl glyoxal (2.49%), Propanoic acid, 2-oxo-, methyl ester (1.65%), 
Propanoic acid, 2-methyl-(1.20%), Methyl-.β.-D-thiogalactoside (1.45%), 2-Methoxy-4-vinylphenol (1.61%), 
Acetaldehyde, hydroxy- (1.50%), 5-Hydroxymethylfurfural (1.25%), 2,3-Butanedione (1.16%), 
2-Cyclopenten-1-one, 2-hydroxy- (1.13%), 3R-acetamido-4cis, 6cis-bis (acetoxy)-5trans-dimethylamino (1.54%), 
Furfural (1.17%), and Formic acid(1.10%). 

Analysis of Function 
The identified compounds can be classified into esters, alcohols, carbohydrates, acid anhydrides, aldehydes, 
ketones, alkenes, and organic acids. Among them, pyruvic aldehyde is used as medicine, pesticide intermediate, 
and as a biochemical reagent for cimetidine, lactic acid, pyruvic acid, analgesic, anticancer, antihypertensive, 
desensitizing, cosmetic and other raw materials (Albuquerque et al. 2015, Feliczak-Guzik et al. 2018, Molenda et 
al. 2015). Glycidol is an important chemical intermediate used in the synthesis of glycerol, glycidyl ether (amine, 
etc.), as well as in surface coatings, chemical synthesis, pharmaceuticals, pharmaceuticals, fungicides and solid 
fuel gels. (Aasa et al. 2017, Lockhart et al. 2018). 2,3-Butanedione has a creamy aroma, high vapor pressure, and 
rapid evaporation at room temperature, formulated with a variety of milk flavor flavors, flavoring agents for 
creams, margarines, dry and sweets, as gelatin hardeners and photographic binders (Chung et al. 2015, Marri et 
al. 2017, Morgan et al. 2012). Sterols are good solvents for resins, varnishes, pigments, and rocket fuels. They can 
also be used as raw material and anti-corrosion coating for synthesizing various furan-type resins in synthetic 
fiber, rubber, pesticide and foundry industries (Currie et al. 2014, Gylling et al. 2014, Ras et al. 2014). Phenol is 
an important organic chemical raw material, which can be used to prepare phenolic resin (Hui et al. 2016,). It has 
industrial applications such as synthetic fibers, plastics, synthetic rubber, pharmaceuticals, pesticides, perfumes, 
dyes, coatings, disinfectants, and oil refining. Cassia has a sweet orange flavor and a balsamic gas. Hydrocarbon 
synthetic perfumes are mainly used in cologne and deodorant, and synthesis of terpene perfumes. Octyl ketone It 
used in the fields of fibers, medicines, pesticides, perfume chemicals, as synthetic fiber oil agents, antifoaming 
agents and surfactants, and flotation agents for coal mines. (Wu et al. 2016). 
The potential value of Pinus armandii Franch bark in many areas is very high. 

Ⅴ Conclusion 
The pyrolysis weight loss process of Pinus armandii Franch bark was divided into three stages. Through the 
analysis of the three-stage pyrolysis weight loss, it is found that the weight loss of the bark is small and the rate of 
change is low throughout the process. The material has good thermal stability between 100°C and 200°C. TG 
analysis shows that the Pinus armandii Franch bark has high potential for resource utilization in various 
industries. 
PY-GC-MS analysis revealed 266 peaks, and 241 chemical constituents were identified and classified as esters, 
alcohols, carbohydrates, acid anhydrides, aldehydes, ketones, alkenes, and organic acids. We have demonstrated 
that Pinus armandii Franch bark has an exceedingly wide range of potential industrial and medicinal uses, which 
will be further revealed by future research and development. 

References 



Ekoloji 28(108): 171-175 (2019) 

174 

Aasa J, Abramsson-Zetterberg L, Carlsson H, Törnqvist M (2017) The genotoxic potency of glycidol established 
from micronucleus frequency and hemoglobin adduct levels in mice. Food and Chemical Toxicology 
100:168-174. 

Ahmed A, Hidayat S, Bakar MSA, Azad AK, Sukri RS, Phusunti N (2018) Thermochemical characterisation of 
Acacia auriculiformis tree parts via proximate, ultimate, TGA, DTG, calorific value and FTIR spectroscopy 
analyses to evaluate their potential as a biofuel resource. Biofuels 1-12. 

Albuquerque EM, Borges LEP, Fraga MA (2015) Lactic acid production from aqueous-phase selective oxidation 
of hydroxyacetone. Journal of Molecular Catalysis a Chemical 400(4):64-70. 

Bobrowski A, Drozynski D, Grabowska B (2018) Studies on thermal decomposition of phenol binder using 
TG/DTG/DTA and FTIR-DRIFTS techniques in temperature range 20-500°C. China Foundry 
15(02):145-151. 

Chen J, Fan X, Jiang B, Mu L, Yao P, Yin H, Song X (2015) Pyrolysis of oil-plant wastes in a TGA and a 
fixed-bed reactor: thermochemical behaviors, kinetics, and products characterization. Bioresour Technol 
192:592-602. 

Chung CS, Mechas C, Campbell KS (2015) Myocyte contractility can be maintained by storing cells with the 
myosin atpase inhibitor 2,3 butanedione monoxime. Physiological Reports 3(6):1055-1062. 

Currie AF, Wearn J, Su H, Wendt H, Broughton S, Liang J (2014) Foliar fungal endophytes in herbaceous plants: 
a marriage of convenience? Springer India 61-81. 

Dong CQ, Zhang ZB, Liao HT, Qiang LU (2013) Comparison of fast pyrolysis of poplar and pine woods on the 
basis of PY-GC-MS analysis. Chemistry and Industry of Forest Products 33(6):41-47. 

El-Sayed SA, Mostafa ME (2015) Kinetic parameters determination of biomass pyrolysis fuels using TGA and 
DTA techniques. Waste and Biomass Valorization 6(3):401-415. 

Feliczak-Guzik A, Sprynskyy M, Nowak I, Jaroniec M, Buszewski B (2018) Application of novel hierarchical 
niobium-containing zeolites for synthesis of alkyl lactate and lactic acid. Journal of Colloid and Interface 
Science 516:379-383. 

Fu H, Liu Z, Wang M and Wang Z (2018) Big data digging of the public's cognition about recycled water reuse 
based on the BP neural network. Complexity 1876861. 

Geetha V, Chakravarthula SN (2018) Chemical composition and anti-inflammatory activity of boswellia 
ovalifoliolata essential oils from leaf and bark. Journal of Forestry Research 29(02):373-381. 

Gylling H, Plat J, Turley S, Ginsberg HN, Ellegård L, Jessup W, Jones PJ, Lütjohann D, Maerz W, Masana L 
(2014) Plant sterols and plant stanols in the management of dyslipidaemia and prevention of cardiovascular 
disease. Atherosclerosis 232(2):346-360. 

Hui Z, Zhao L, Geng F, Guo LH, Wan B, Yu Y (2016) Carbon dots decorated graphitic carbon nitride as an 
efficient metal-free photocatalyst for phenol degradation. Applied Catalysis B Environmental 180:656-662. 

Lam SS, Mahari WAW, Ma NL, Azwar E, Kwon EE, Peng WX, Chong CT, Liu ZL, Park YK (2019) 
Microwave pyrolysis valorization of used baby diaper. Chemosphere 230:294-302 

Li W, Jia M, Deng J, Wang J, Lin Q, Liu C, Wang S, Tang J, Zeng X, Ma L, Su W, Liu X (2018) Isolation, 
genetic identification and degradation characteristics of cod-degrading bacterial strain in slaughter wastewater. 
Saudi Journal of Biological Sciences 12(25):1800-1805. 

Lockhart JN, Spoonmore TJ, Mccurdy MW, Rogers BR, Guelcher SA, Harth E (2018) Poly (glycidol) coating on 
ultrahigh molecular weight polyethylene for reduced biofilm growth. Acs Applied Materials and Interfaces 

Marius M, Jabeen A, Gilbert A (2018) No-cgmp-k channel-dependent anti-nociceptive activities of methanol 



Ekoloji 28(108): 171-175 (2019) 

175 

stem bark extract of piptadeniastrum africanum (mimosaceae) on rats. Asian Pacific Journal of Tropical 
Biomedicine 8(03):150-159. 

Marri L, Jansson AM, Christensen CE, Hindsgaul O (2017) An enzyme-linked immunosorbent assay for the 
detection of diacetyl (2,3-butanedione). Analytical Biochemistry 535:12. 

Masendra, Ashitani T, Takahashi K, Lukmandaru G (2018) Lipophilic extractives of the inner and outer barks 
from six different pinus species grown in indonesia. Journal of Forestry Research 29(05):1329-1336. 

Molenda MA, Bas S., El Sepelgy O, Stefaniak M, Mlynarski J (2015) Cheminform abstract: chemistry of 
pyruvate enolates: anti-selective direct aldol reactions of pyruvate ester with sugar aldehydes promoted by a 
dinuclear zinc catalyst. Cheminform 46(43):2098-2104. 

Morgan DL, Jokinen MP, Price HC, Gwinn WM, Palmer SM, Flake GP (2012) Bronchial and bronchiolar 
fibrosis in rats exposed to 2,3-pentanedione vapors: implications for bronchiolitis obliterans in humans. 
Toxicologic Pathology 40(3):448. 

Ogundajo AL, Adeniran L, Ashafa AO (2018) Medicinal properties of ocotea bullata stem bark extracts: 
phytochemical constituents, antioxidant and anti-inflammatory activity, cytotoxicity and inhibition of 
carbohydrate-metabolizing enzymes. Journal of Integrative Medicine 16(02):132-140. 

Okoye FN, Prakash S, Singh NB (2017) Durability of fly ash based geopolymer concrete in the presence of silica 
fume. Journal of Cleaner Production 149:1062-1067. 

Orozco AL, Pérez MI, Guevara O, Rodríguez J, Hernández M, González-Vila FJ, Polvillo O, Arias ME (2008) 
Biotechnological enhancement of coffee pulp residues by solid-state fermentation with streptomyce s. 
PY–GC/MS analysis. Journal of Analytical and Applied Pyrolysis 81(2):247-252. 

Ras RT, Geleijnse JM, Trautwein EA (2014) LDL-cholesterol-lowering effect of plant sterols and stanols across 
differentdose ranges: a meta-analysis of randomised controlled studies. British Journal of Nutrition 
112(2):214-219. 

Rebeca Cardenas-Moreno P, Robles-Martinez F, Jose Colomer-Mendoza F, Belem Pina-Guzman A (2016) Tools 
for the evaluation of risks on the environment and health, by the final disposal of urban solid waste. Revista 
Internacional De Contaminacion Ambiental 32(SI):47-62. 

Rojek B, Wesolowski M (2018) FTIR and TG analyses coupled with factor analysis in a compatibility study of 
acetazolamide with excipients. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 
208:285-293. 

Treinyte J, Bridziuviene D, Fataraite-Urboniene E, Rainosalo E, Rajan R, Cesoniene L, Grazuleviciene V 
(2018) Forestry wastes filled polymer composites for agricultural use. Journal of Cleaner Production 205 

Wu WT, Zhang L, You SL (2016) Catalytic asymmetric dearomatization (cada) reactions of phenol and aniline 
derivatives. Chemical Society Reviews 47(20):1570-1580. 

Xie W, Tang J, Gu X, Luo C, Wang G (2007) Thermal decomposition study of menthyl-glycoside by TGA/DTG/, 
DSC and simultaneous PY-GC–MS analysis. Journal of Analytical and Applied Pyrolysis 78(1):180-184. 

Yuan HR, Xing SY, Tao L, Yong C (2015) Influences of copper on the pyrolysis process of demineralized wood 
dust through thermogravimetric and PY/GC/MS analysis. Journal of Analytical and Applied Pyrolysis 
112:325-332. 






