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Abstract: Vitrimers consist of polymeric networks capable of reorganizing their topology without harming the integrity of the 

material. These types of polymers have highly desirable properties, combining malleability, recyclability, cure, and repair at high 

temperatures with insolubility and low shape changes, which implies that vitrimers can be designed to obtain re-processable 

materials that can replace traditional thermosets, which is a crucial step to face the problem of the disposal of plastic materials 

after use. Thanks to these advantages, and intending to make sustainable the production of this kind of materials, various authors 

have explored the use of raw materials from renewable resources for partial or total replacement of synthetic vitrimers 

components, thus increasing the environmentally friendly profile of the vitrimers, thanks to the reduction in both, the oil 

consumption and carbon dioxide emissions. To analyze the possibilities in this field, in this work, we perform a systematic 

collection of data present in the literature and investigate interactions between reprocessability, the stability of the mechanical 

properties, and the use of materials of biological origin for the synthesis of vitrimeric polymers. The results obtained show that 

some of the biomaterials that have been studied to date can improve the reprocessability properties of vitrimers, which indicates 

that the bio-based vitrimeric polymers can become an attractive option for the development of environmentally friendly materials 

with good mechanical and reprocessability properties. 
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1. INTRODUCTION 

Vitrimers represent a third class of materials, in addition to thermoplastics and thermosets, which consist of 
polymeric networks capable of reorganizing their network topology without harming the integrity of the material with 
self-healing properties, thus introducing dynamic covalent chemistry into thermosets malleable networks, also 
known as adaptive covalent networks (CANs). These properties can be achieved through synthesis strategies, 
where reversible covalent bonds are incorporated in the structure of materials formed by covalently cross-linked 
networks. These reversible links can form cross-links or be in the main chain structure and aim to facilitate the 
adaptability of these materials that are difficult to reprocess, leading to cross-linking dynamics (1–10). 

Since the first epoxy vitrimer was introduced by Leibler in 2011 (11), who proposed a recyclable thermoset using an 
inherently constructed catalytic transesterification reaction based on the epoxy acid system, several epoxy vitrimers 
have been designed based on several dynamic covalent bonds, such as transesterification (12–14), disulfide 
metathesis (15), Schiff base (imine) exchange (16), siloxane equilibrium (17), and vinyl urethane chemistry (18).  

These materials are characterized by highly desirable properties, combining malleability, recyclability, cure, and 
repair at high temperatures with insolubility and low shape changes, differentiating vitrimers from thermoplastics 
and thermosets. Its differences are possible thanks to the fact that these materials, at high temperatures, can flow 
and behave like viscoelastic liquids; so the material relaxes stresses and fluxes, even more, at low temperatures, 
the exchange reactions decrease, and the lattice topology freezes and the material behaves like classical 
thermoplastics; even though the total number of links remains constant over time and does not fluctuate. After 
cooling, the relaxation time and viscosity controlled by the exchange reaction rate slowly decrease (19–26). 

So, vitrimers can be designed to obtain self-cure or malleability properties, generating new possibilities in practical 
applications, such as the production of reprocessable thermoset materials that can replace traditional thermosets 
used in various fields, opening up the opportunity to contribute to society through the decrease of environmental 
contamination (12, 19). Despite these advantages, most of the vitrimer systems reported in the literature are based 
on petrochemical and non-degradable polymers, which implies that these materials still face the problem of disposal 
after being reused or reprocessed several times, and their production, therefore, is also unsustainable in the long 
term (1, 27, 28). One of the solutions that have been proposed to overcome this problem of the long-term 
environmental unsustainability of this type of materials is the use of raw materials from renewable resources, which 
directly reduces oil consumption and carbon dioxide emissions (29–33). 

In recent years, intensive research work has been carried out on the partial or total replacement of synthetic epoxy 
vitrimers components, for example, by renewable sources (29–31). A variety of renewable raw materials such as 
vegetable oils, fatty acids, isosorbide derived from sugar, eugenol, catechin, and colophony, among others, were 
used to replace oil-based thermoset polymers (2, 34–44) 

Despite these efforts, to date, it is not known with certainty how the use of these compounds of biological origin can 
impact the properties of vitrimers. Therefore, to analyze if bio-based vitrimers present improvements in their 
reprocessing properties, we carried out a meta-analysis of the available bibliography, analyzing by statistical 
methods the interactions between reprocessability, the stability of the mechanical properties, and the use of organic 
materials. This analysis revealed that some of the biomaterials studied could improve the reprocessability properties 
of vitrimeric polymers. Therefore, the search for safer substitute vitrimeric polymers becomes an attractive option, 
intending to develop a fully renewable and environmentally friendly material with good mechanical properties in the 
reprocessed stages. 

 

2. METHOD  

2.1 Study search and identification 

The data acquisition was carried out using the Scopus database, the main target of the search in the title, keywords, 
and abstract was the vitrimer term, and all the results were filtered, selecting for the analysis the data present in 
scientific articles. Before the filtering process, the number of publications with the word vitrimer from 2004 to 2021 
was analyzed using the QtiPlot program. The search was conducted between July and August 2021. The initial 
search was refined using the terms reprocesability and bio, with the following keyword TITLEABS-KEY (vitrimer 
AND bio AND repro* AND) AND ( LIMIT-TO ( DOCTYPE, "ar")). The RIS file containing these data is available at 
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https://github.com/angelybeclov/Bio-efect-in-vitrimers-
reprocessabily/blob/d52bfd4f38fb560e583b15d3132eb27b3d448288/scopus%20vitrimer%20bio%20repro%20.ris. 

2.2 Bibliometric network analysis 

To perform the bibliometric analysis, the abstract, Author keywords, and index keywords were used. This data was 
analyzed using VOSviewer software (version 1.6.10) (45). From the first analysis, trend themes were identified, and 
the terms reprocessability and bio were selected for the refinement of the initial search using the search key: TITLE-
ABS-KEY ((vitrimers AND bio * AND repro *) AND (LIMIT-TO (DOCTYPE, "ar")) The bibliometric analyzes of the 
data obtained from the second search were performed as previously described. 

2.3 Data extraction and quality assessment 

The articles to be analyzed were selected according to the following criteria: number of reprocesses, tensile 
properties of reprocessed vitrimers, experimental error, or standard deviation. Information was extracted from the 
publications according to the inclusion criteria. The data extracted from the trials were the following: study name, 
year of publication, sample size, number of reprocesses, material composition, tensile properties of reprocessed 
vitrimers (Young's Modulus (MPa), Stress at break (MPa), Strain at break (%)). When the document did not present 
the data tables, the data was extracted from the curves of the graphs. Engauge Digitizer software (46) was used to 
extract data from these figures. From the data obtained, the 95% confidence intervals (CI95%) were calculated. 

2.4 Statistical analysis 

As there are different compositions of vitrimeric materials, the effect of bio on tensile properties was evaluated after 
reprocessing the vitrimeric employing the correlation between the tensile property data and the number of 
reprocesses of the polymeric materials. The Jamovi (version 1.8.4) module MAJOR (47) was used to obtain the 
meta-analysis and the forest diagram. The analysis was carried out using the Fisher r-to-z transformed correlation 
coefficient as the outcome measure. A random-effects model was fitted to the data. The amount of heterogeneity 
(i.e., tau²) was estimated using the restricted maximum-likelihood estimator (48). In addition to the estimate of tau², 
the Q-test for heterogeneity (49) and the I² statistic are reported. In case any amount of heterogeneity is detected 
(i.e., tau² > 0, regardless of the results of the Q-test), a prediction interval for the true outcomes is also provided. 
Studentized residuals and Cook's distances are used to examine whether studies may be outliers and/or influential 
in the context of the model. Studies with a studentized residual larger than the 100 x (1 - 0.05/(2 X k))the percentile 
of a standard normal distribution are considered potential outliers (i.e., using a Bonferroni correction with two-sided 
alpha = 0.05 for k studies included in the meta-analysis). Studies with a Cook's distance more significant than the 
median plus six times the interquartile range of the Cook's distances are considered influential. The rank correlation 
test and the regression test, using the standard error of the observed outcomes as the predictor, are used to check 
for funnel plot asymmetry.   

3. RESULTS  

The search strategy using the Scopus database produced a total of 343 references between 2003 and 2021, and all 
the results were filtered reviews (20), congresses (6), erratum (3), book chapters (1), limiting the search to scientific 
articles (313). The number of documents published per year is shown in Figure 1. 

 

 

 

 

 

 

 

 

 



4    BJEDIS Angela Becerra. et al  

 

Figure 1. Documents published per year using the key TITLE-ABS-KEY (vitrimer). 
 
The data in Figure 1 follow a polynomial of order 2. The coefficient of determination (R2) found was equal to 0.861. 
The model and associated R2 show that interest in the issue of vitrimers has increased since 2015, according to 
Leibelier and his collaborators (11) mentioned the concept for the first time. This result shows that this topic is 
growing, suggesting a potential field, presenting research and development opportunities for new materials with 
various applications (10, 50, 51). 

In order to identify trends in the showcases, the titles and abstracts of these documents were saved in RIS format 
and analyzed with the VOSviewer software. The results obtained are shown in Figure 2. In addition, the * MAP.txt 
and * NET.txt files generated by VOSviewer are available at https://github.com/angelybeclov/Bio-efect-in-vitrimers-
reprocessabily/blob/d52bfd4f38fb560e583b15d3132eb27b3d448288/vitri%202.txt 

 

Figure 2. Bibliometric analysis VOSviewer a) Network b) Overlay from the key using the key TITLE-ABS-KEY 
(vitrimer). 
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Figure 2(a) represents the cluster terms of the public vitrimers and identifies three main clusters. The first, in green, 
highlights several links related to the mechanical properties and composition of vitrimeric materials. The second 
group, in red, is dominated by the network topology and structure connections, an aspect of great importance in 
glass cabinets since this is what allows the cross-link reactions, which give rise to desirable properties such as self-
healing and reprocessability. Finally, the third cluster in blue is dominated by the composite node and recyclability. 

In Figure 2(b), the size of the circles represents the average publication of a term, and the gradient color from blue 
to yellow shows the freshness of the articles. The superimposed visualization in Figure 2(b) shows the most 
relevant terms in the publications in descending order: elongation, Young module, carbon nanotube, and excellent 
reprocessability. The analysis carried out and highlighted for this article includes terms such as reprocessability, 
tensile strength, and bio. 

The research was refined using the key from the bibliometric analysis, and 28 articles were found (2, 25, 27, 33, 36, 
41, 52–73), corresponding to 8.94% of the publications found with the first search key. After assessing eligibility to 
28 publications using our inclusion and exclusion criteria described in the methods section, eight studies were 
included that met our criteria in the current review and statistically relevant information for the construction of the 
analysis. Table 1 shows the 1st author of the study and the year of publication, the number of reprocessed times, 
the total number of replicates, and the Adjusted Correlation (adjR). 

 

Table 1. Statistically relevant data from selected documents. 

Authors Year Bio compound Times 
reprocessed 

Total 
replicates adjR* 

Zhu Y. et al (33) 2020 Renewable castor oil and DL-limonene 4 12 0,956350723 

Hajili F. et al (54) 2021 Isobornyl methacrylate (iboma, from pine sap) 4 12 0,393440737 

Hajili F. et al (54) 2021 Isobornyl methacrylate (iboma, from pine sap) 4 12 0,961763301 

Hajili F. et al (54) 2021 Isobornyl methacrylate (iboma, from pine sap) 4 12 0,356501745 

Xu Y. et al (25) 2020 Vanilin 3 9 0,763541667 

Xu Y. et al (25) 2020 Vanilin 3 9 0,669127082 

Chen F. et al (60) 2020 Acetoacetate-modified cardanol 3 9 0,87693783 

Chen F. et al (60) 2020 Acetoacetate-modified cardanol 4 12 0,785717184 

Ma Z. et al (27) 2017 Isosorbide-derived epoxy 4 12 0,488558433 

Geng H. et al (41) 2018 Vanilin 4 12 0,299147163 

Geng H. et al (41) 2018 Vanilin 4 12 0,456045508 

Geng H. et al (41) 2018 Vanilin 4 12 0,292952129 

Memom H. et al (66) 2020 Vanilin 4 20 0,991599386 

Memom H. et al (66) 2020 Vanilin 4 20 0,846873407 

Hajj R. et al (64) 2020 Biobased polyimine vitrimers 6 24 0,995821508 

Hajj R. et al (64) 2020 biobased polyimine vitrimers 6 24 0,957329202 

Hajj R. et al (64) 2020 Biobased polyimine vitrimers 6 24 0,58162383 
 

* Adjusted Correlation (adjR). 
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Figure 3. Funnel plot for the selected studies of reprocessability of vitrimers. 
 
It was found that eight articles presented useful data for the proposed meta-analysis. Some articles had more than 
one useful case and used Fisher's transformation to remove a possible bias in the untransformed correlation 
coefficient. A total of k=17 studies were included in the analysis. The observed Fisher r-to-z transformed correlation 
coefficients ranged from 0.3018 to 3.0844, with most estimates being positive (100%). The estimated average 
Fisher r-to-z transformed correlation coefficient based on the random-effects model was \hat{\mu} = 1.2052 (95% 
CI: 0.7824 to 1.6279). Therefore, the average outcome differed significantly from zero (z = 5.5876, p < 0.0001). 
According to the Q-test, the true outcomes appear to be significative heterogeneous (Q(16) = 170.2953, p < 0.0001, 

tau² = 0.6892, I² = 88.6893%), which we can interpret as a moderate case of heterogeneity (74). A 95% prediction 

interval for the true outcomes is given by -0.4760 to 2.8863. Hence, although the average outcome is estimated to 
be positive, in some studies, the true outcome may be negative. Examining the studentized residuals revealed that 
none of the studies had a value larger than ± 2.9738. There was no indication of outliers in the context of this 
model. According to Cook's distances, one study (64) could be considered to be overly influential. The regression 
test indicated funnel plot asymmetry (p = 0.0384) but not the rank correlation test (p = 0.4420).  

Figure 3 shows the Funnel plot (75) which is a valuable tool to detect biases in a meta-analysis, where the 
treatment effect is plotted on the horizontal axis and the standard error on the vertical axis. The diagonal lines 
represent 95% confidence pseudo-limits around the summary effect for each standard error on the vertical axis. 
These show the expected distribution of the studies in the absence of heterogeneity or selection bias. In the 
absence of heterogeneity, 95% of the studies must be within the funnel defined by these diagonal lines. In our case, 
heterogeneity is evident since 11 studies are clearly out of bounds (76). 

In Fisher's transformation of the correlation coefficient, the actual effect is 1.21. Most of the studies find the region of 
standard error between 0.40 and 0.20. 65% of the studies are between the region of the standard error of 0.40 and 
0.30, that is, at the base of the funnel chart. 35% of the remaining studies are in the region between 0.20 and 0.30. 
As described in the source code of the Jamovi MAJOR module, the data is distributed among the regions 
comprising 90% (white), 95% (gray), 99% (dark gray), and the rest is more beyond 99% probability. Furthermore, 
visual inspection of the contour enhanced funnel plots did not confirm an evident presence of publication bias in 
most studies. 
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One approach to determining the evidential value of the studies included in a meta-analysis is to determine the 
statistical power of the reported tests, using forest plots as the critical graphical method used in the meta-analysis. 
This diagram is the graphical representation resulting from systematic quantitative reviews and is designed to 
compare the effects of treatments in quantitative studies (77, 78). The Forest Plot, shown in Figure 4, lists all the 
selected studies. The relevance of the studies is presented as a percentage. All the studies had a similar relevance 
percentage, where the three studies were carried out by (64). The effects and their 95% probability confidence limits 
are shown on the right-hand side of the relevance percentage. 

 

 

Figure 4. Forest plot of metanalysis for vitrimers articles selected.  

 

The Forest plot shows the results of the different studies, with a CI of 95%, and the overall effect helped us visualize 
the heterogeneity between studies, which is expressed by the different confidence intervals with little or no overlap. 
Each study is represented by a square whose area is usually proportional to the contribution of each one to the 
overall result. Also, the square is within a segment that represents the extremes of its confidence interval. If these 
intervals do not cross the null value of the outcome variable, it will be statistically significant, which in our case, ten 
studies are statistically significant (78–80). 

Young's modulus after reprocessing was the typified mean difference, which in this case was calculated so that 
positive values indicated a favorable result for incorporating bio compounds to improve vitrimer reprocessing 
(43)(59)(81)(82)(83). Thus, the average effect of the model is 1.21, with an upper limit equal to 1.63 and a lower 
limit equal to 0.78. Likewise, it is worth highlighting the notable heterogeneity of the results, so the model effect is 
positive and different from zero. According to this, the meta-analysis shows that bio compounds improve Young's 
modulus of vitrimers after reprocessing. 

 

CONCLUSIONS 

Vitrimers consist of polymeric networks capable of reorganizing their topology without harming the integrity of the 
material. These types of polymers have highly desirable properties, combining malleability, recyclability, cure, and 
repair at high temperatures with insolubility and low shape changes, which implies that vitrimers can be designed to 
obtain re-processable materials that can replace traditional thermosets, which is a crucial step to face the problem 
of the disposal of plastic materials after use. Thanks to these advantages, and intending to make sustainable the 
production of this kind of materials, various authors have explored the use of raw materials from renewable 
resources for partial or total replacement of synthetic vitrimers components, thus increasing the environmentally 
friendly profile of the vitrimers, thanks to the reduction in both, the oil consumption and carbon dioxide emissions.  
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To analyze the possibilities in this field, in this work, we perform a systematic collection of data present in the 
literature and investigate interactions between re-processability, the stability of the mechanical properties, and the 
use of materials of biological origin for the synthesis of vitrimeric polymers. Hundreds of papers were analyzed 
using VOSviewer, where it was found that only eight articles presented useful data for the proposed meta-analysis, 
with a total of 17 studies were included in the analysis. Through statistical analysis it was possible to visualize the 
heterogeneity between the studies 

The results obtained show that some of the biomaterials that have been studied to date can improve the 
reprocessability properties of vitrimers, which indicates that the bio-based vitrimeric polymers can become an 
attractive option for the development of environmentally friendly materials with good mechanical and 
reprocessability properties. 

 

CONFLICT OF INTEREST 

 None. 

 

ACKNOWLEDGEMENTS 

This work was supported by Conselho Nacional de Desenvolvimento Científico e Tecnológico (CNPq-304500/2019-
4), Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES - Finance Code 001), Financiadora de 
Estudos e Projetos (FINEP PRESAL Ref.1889/10) and Fundação Carlos Chagas Filho de Amparo à Pesquisa do 
Estado do Rio de Janeiro (FAPERJ - CNE2020). 
 

Sample CRediT author statement 
 
Angela Yeissel Becerra Lovera: Conceptualization, Methodology, Data analysis, and Writing-Original 
draft preparation Methodology, Data analysis and Revision  

Fernando G. de Souza Junior: Conceptualization, Methodology, Data analysis, Revision and Supervision. 

 

REFERENCES 

1.  DENISSEN, Wim, WINNE, Johan M. and DU PREZ, Filip E. Vitrimers: permanent organic networks with 

glass-like fluidity. Chemical Science [online]. v. 7, n. 1, p. 30–38. 2016. DOI 10.1039/C5SC02223A. Available 

from: http://xlink.rsc.org/?DOI=C5SC02223A. Accessed 11 June 2021.  

2.  LIU, Tuan, HAO, Cheng, WANG, Liwei, LI, Yuzhan, LIU, Wangcheng, XIN, Junna and ZHANG, Jinwen. 

Eugenol-Derived Biobased Epoxy: Shape Memory, Repairing, and Recyclability. Macromolecules [online]. v. 50, 

n. 21, p. 8588–8597. 2017. DOI 10.1021/ACS.MACROMOL.7B01889. Available from: 

https://pubs.acs.org/doi/abs/10.1021/acs.macromol.7b01889. Accessed 4 September 2021.  

3.  KLOXIN, Christopher J and BOWMAN, Christopher N. Covalent adaptable networks: smart, reconfigurable 

and responsive network systems. Chemical Society reviews [online]. v. 42, n. 17, p. 7161–73. 2013. 

DOI 10.1039/c3cs60046g. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23579959. Accessed 28 May 2021.  

4.  LI, Lingqiao, CHEN, Xi, JIN, Kailong and TORKELSON, John M. Vitrimers Designed Both To Strongly 

Suppress Creep and To Recover Original Cross-Link Density after Reprocessing: Quantitative Theory and 

Experiments. Macromolecules [online]. v. 51, n. 15, p. 5537–5546. 2018. 

DOI 10.1021/ACS.MACROMOL.8B00922. Available from: 

https://pubs.acs.org/doi/abs/10.1021/acs.macromol.8b00922. Accessed 3 September 2021.  

5.  CASH, Jessica J., KUBO, Tomohiro, DOBBINS, Daniel J. and SUMERLIN, Brent S. Maximizing the 

symbiosis of static and dynamic bonds in self-healing boronic ester networks. Polymer Chemistry [online]. v. 9, 

n. 15, p. 2011–2020. 2018. DOI 10.1039/C8PY00123E. Available from: 

https://pubs.rsc.org/en/content/articlehtml/2018/py/c8py00123e. Accessed 3 September 2021.  



The bio components in the vitrimers reprocessability: A meta-analysis study BJEDIS    9 

 

6.  CHEN, Mao, ZHOU, Lin, WU, Yeping, ZHAO, Xiuli and ZHANG, Yongjun. Rapid Stress Relaxation and 

Moderate Temperature of Malleability Enabled by the Synergy of Disulfide Metathesis and Carboxylate 

Transesterification in Epoxy Vitrimers. ACS Macro Letters [online]. v. 8, n. 3, p. 255–260. 2019. 

DOI 10.1021/ACSMACROLETT.9B00015. Available from: 

https://pubs.acs.org/doi/abs/10.1021/acsmacrolett.9b00015. Accessed 3 September 2021.  

7.  WANG, Sheng, MA, Songqi, LI, Qiong, XU, Xiwei, WANG, Binbo, HUANG, Kaifeng, LIU, Yanlin and ZHU, 

Jin. Facile Preparation of Polyimine Vitrimers with Enhanced Creep Resistance and Thermal and Mechanical 

Properties via Metal Coordination. Macromolecules [online]. v. 8, n. 53, p. 2919–2931. 2020. 

DOI 10.1021/ACS.MACROMOL.0C00036. Available from: 

https://pubs.acs.org/doi/abs/10.1021/acs.macromol.0c00036. Accessed 3 September 2021.  

8.  CHEN, Yi, TANG, Zhenghai, LIU, Yingjun, WU, Siwu and GUO, Baochun. Mechanically Robust, Self-

Healable, and Reprocessable Elastomers Enabled by Dynamic Dual Cross-Links. Macromolecules [online]. v. 10, 

n. 52, p. 3805–3812. 2019. DOI 10.1021/ACS.MACROMOL.9B00419. Available from: 

https://pubs.acs.org/doi/abs/10.1021/acs.macromol.9b00419. Accessed 3 September 2021.  

9.  LIU, Yingjun, TANG, Zhenghai, WU, Siwu and GUO, Baochun. Integrating Sacrificial Bonds into Dynamic 

Covalent Networks toward Mechanically Robust and Malleable Elastomers. ACS Macro Letters [online]. v. 8, n. 2, 

p. 193–199. 2019. DOI 10.1021/ACSMACROLETT.9B00012. Available from: 

https://pubs.acs.org/doi/abs/10.1021/acsmacrolett.9b00012. Accessed 3 September 2021.  

10.  ZHENG, Jie, PNG, Zhuang Mao, NG, Shi Hoe, THAM, Guo Xiong, YE, Enyi, GOH, Shermin S., LOH, Xian 

Jun and LI, Zibiao. Vitrimers: Current research trends and their emerging applications. Materials Today. v. 51, 

p. 586–625. 2021. DOI 10.1016/J.MATTOD.2021.07.003.  

11.  MONTARNAL, Damien, CAPELOT, Mathieu, TOURNILHAC, François and LEIBLER, Ludwik. Silica-like 

malleable materials from permanent organic networks. Science [online]. v. 334, n. 6058, p. 965–968. 2011. 

DOI 10.1126/science.1212648. Available from: https://science.sciencemag.org/content/334/6058/965. 

Accessed 20 August 2021.  

12.  DEMONGEOT, A., MOUGNIER, S. J., OKADA, S., SOULIÉ-ZIAKOVIC, C. and TOURNILHAC, F. 

Coordination and catalysis of Zn2+ in epoxy-based vitrimers. Polymer Chemistry [online]. v. 7, n. 27, p. 4486–

4493. 2016. DOI 10.1039/c6py00752j. Available from: 

https://pubs.rsc.org/en/content/articlehtml/2016/py/c6py00752j. Accessed 20 August 2021.  

13.  YANG, Yang, TERENTJEV, Eugene M., ZHANG, Yubai, CHEN, Qiaomei, ZHAO, Yuan, WEI, Yen and JI, 

Yan. Reprocessable Thermoset Soft Actuators. Angewandte Chemie International Edition [online]. v. 58, n. 48, 

p. 17474–17479. 2019. DOI 10.1002/anie.201911612. Available from: 

https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201911612. Accessed 20 August 2021.  

14.  HAO, Cheng, LIU, Tuan, ZHANG, Shuai, LIU, Wangcheng, SHAN, Yingfa and ZHANG, Jinwen. 

Triethanolamine-Mediated Covalent Adaptable Epoxy Network: Excellent Mechanical Properties, Fast Repairing, 

and Easy Recycling. Macromolecules [online]. v. 53, n. 8, p. 3110–3118. 2020. 

DOI 10.1021/acs.macromol.9b02243. Available from: https://pubs.acs.org/doi/abs/10.1021/acs.macromol.9b02243. 

Accessed 20 August 2021.  

15.  RUIZ DE LUZURIAGA, Alaitz, MARTIN, Roberto, MARKAIDE, Nerea, REKONDO, Alaitz, CABAÑERO, 

Germán, RODRÍGUEZ, Javier and ODRIOZOLA, Ibon. Epoxy resin with exchangeable disulfide crosslinks to obtain 

reprocessable, repairable and recyclable fiber-reinforced thermoset composites. Materials Horizons [online]. v. 3, 

n. 3, p. 241–247. 2016. DOI 10.1039/c6mh00029k. Available from: 

https://pubs.rsc.org/en/content/articlehtml/2016/mh/c6mh00029k. Accessed 20 August 2021.  

16.  MIAO, Jia Tao, GE, Meiying, PENG, Shuqiang, ZHONG, Jie, LI, Yuewei, WENG, Zixiang, WU, Lixin and 

ZHENG, Longhui. Dynamic Imine Bond-Based Shape Memory Polymers with Permanent Shape Reconfigurability 

for 4D Printing. ACS Applied Materials and Interfaces [online]. v. 11, n. 43, p. 40642–40651. 2019. 



10    BJEDIS Angela Becerra. et al  

 

DOI 10.1021/acsami.9b14145. Available from: https://pubs.acs.org/doi/full/10.1021/acsami.9b14145. 

Accessed 20 August 2021.  

17.  WU, Xiao, YANG, Xin, YU, Ran, ZHAO, Xiao Juan, ZHANG, Ying and HUANG, Wei. A facile access to stiff 

epoxy vitrimers with excellent mechanical properties: Via siloxane equilibration. Journal of Materials Chemistry A 

[online]. v. 6, n. 22, p. 10184–10188. 2018. DOI 10.1039/c8ta02102c. Available from: 

https://pubs.rsc.org/en/content/articlehtml/2018/ta/c8ta02102c. Accessed 20 August 2021.  

18.  SPIESSCHAERT, Yann, GUERRE, Marc, DE BAERE, Ives, VAN PAEPEGEM, Wim, WINNE, Johan M. 

and DU PREZ, Filip E. Dynamic Curing Agents for Amine-Hardened Epoxy Vitrimers with Short (Re)processing 

Times. Macromolecules [online]. v. 53, n. 7, p. 2485–2495. 2020. DOI 10.1021/acs.macromol.9b02526. Available 

from: https://pubs.acs.org/doi/abs/10.1021/acs.macromol.9b02526. Accessed 20 August 2021.  

19.  CAPELOT, Mathieu, UNTERLASS, Miriam M., TOURNILHAC, François and LEIBLER, Ludwik. Catalytic 

Control of the Vitrimer Glass Transition. ACS Macro Letters [online]. v. 1, n. 7, p. 789–792. 2012. 

DOI 10.1021/mz300239f. Available from: http://pubs.acs.org/doi/10.1021/mz300239f. Accessed 7 August 2021.  

20.  DUQUENNE, Christophe, MOUGNIER, Sébastien-Jun, TOURNILHAC, François-Genes and 

LEIBLEREIBLER, Ludwik. Titanium-based catalyst for vitrimer resin of epoxy/anhyride type [online]. 

WO/2015/162387. 2015. Accessed 16 July 2021. Available from: 

https://patentscope.wipo.int/search/en/detail.jsf?docId=WO2015162387.  

21.  JUROWSKA, Anna and JUROWSKI, Kamil. Vitrimers – the miracle polymer materials combining the 

properties of glass and plastic?. Chemik [online]. v. 69, n. 7, p. 389–394. 2015. Available from: 

http://www.chemikinternational.com/wp-content/uploads/2015/08/chemik_2015_07-3.pdf. Accessed 11 July 2021.  

22.  MONTARNAL, D., CAPELOT, M., TOURNILHAC, F. and LEIBLER, L. Silica-Like Malleable Materials from 

Permanent Organic Networks. Science [online]. v. 334, n. 6058, p. 965–968. 2011. DOI 10.1126/science.1212648. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/22096195. Accessed 5 June 2021.  

23.  ZHANG, Ze Ping, RONG, Min Zhi and ZHANG, Ming Qiu. Polymer engineering based on reversible 

covalent chemistry: A promising innovative pathway towards new materials and new functionalities. Progress in 

Polymer Science [online]. v. 80, p. 39–93. 2018. DOI 10.1016/j.progpolymsci.2018.03.002. Available from: 

https://www.sciencedirect.com/science/article/pii/S0079670017300096. Accessed 21 August 2021.  

24.  CHEN, Qiaomei, YANG, Yang, YU, Ying and XU, Huaping. “Reprocessable Thermosets”: Synthesis and 

Characterization of Vitrimer in the Undergraduate Lab Course. Journal of Chemical Education [online]. v. 98, 

n. 4, p. 1429–1435. 2021. DOI 10.1021/ACS.JCHEMED.0C01289. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acs.jchemed.0c01289. Accessed 1 September 2021.  

25.  XU, Yunsheng, ODELIUS, Karin and HAKKARAINEN, Minna. Photocurable, Thermally Reprocessable, and 

Chemically Recyclable Vanillin-Based Imine Thermosets. ACS Sustainable Chemistry & Engineering [online]. 

v. 8, n. 46, p. 17272–17279. 2020. DOI 10.1021/ACSSUSCHEMENG.0C06248. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acssuschemeng.0c06248. Accessed 31 August 2021.  

26.  YANG, Yang, XU, Yanshuang, JI, Yan and WEI, Yen. Functional epoxy vitrimers and composites. 

Progress in Materials Science [online]. v. 120, p. 100710. 2021. DOI 10.1016/J.PMATSCI.2020.100710. 

Available from: https://www.sciencedirect.com/science/article/pii/S0079642520300748. 

Accessed 1 September 2021.  

27.  MA, Zhiyan, WANG, Yan, ZHU, Jing, YU, Junrong and HU, Zuming. Bio-based epoxy vitrimers: 

Reprocessibility, controllable shape memory, and degradability. Journal of Polymer Science Part A: Polymer 

Chemistry [online]. v. 55, n. 10, p. 1790–1799. 2017. DOI 10.1002/POLA.28544. Available from: 

https://onlinelibrary-wiley.ez29.periodicos.capes.gov.br/doi/full/10.1002/pola.28544. Accessed 31 August 2021.  

28.  DING, Cheng and MATHARU, Avtar S. Recent Developments on Biobased Curing Agents: A Review of 



The bio components in the vitrimers reprocessability: A meta-analysis study BJEDIS    11 

 

Their Preparation and Use. ACS Sustainable Chemistry and Engineering [online]. v. 2, n. 10, p. 2217–2236. 

2014. DOI 10.1021/SC500478F. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/sc500478f. Accessed 3 September 2021.  

29.  MENG, Jingjing, ZENG, Yushun, ZHU, Guiqin, ZHANG, Jie, CHEN, Pengfei, CHENG, Yao, FANG, Zheng 

and GUO, Kai. Sustainable bio-based furan epoxy resin with flame retardancy. Polymer Chemistry [online]. v. 10, 

n. 19, p. 2370–2375. 2019. DOI 10.1039/C9PY00202B. Available from: 

https://pubs.rsc.org/en/content/articlehtml/2019/py/c9py00202b. Accessed 3 September 2021.  

30.  AUVERGNE, Rémi, CAILLOL, Sylvain, DAVID, Ghislain, BOUTEVIN, Bernard and PASCAULT, Jean-

Pierre. Biobased Thermosetting Epoxy: Present and Future. Chemical Reviews [online]. v. 114, n. 2, p. 1082–

1115. 2013. DOI 10.1021/CR3001274. Available from: https://pubs.acs.org/doi/abs/10.1021/cr3001274. 

Accessed 3 September 2021.  

31.  KOIKE, Tsuneo. Progress in development of epoxy resin systems based on wood biomass in Japan. 

Polymer Engineering & Science [online]. v. 52, n. 4, p. 701–717. 2012. DOI 10.1002/PEN.23119. Available from: 

https://onlinelibrary.wiley.com/doi/full/10.1002/pen.23119. Accessed 3 September 2021.  

32.  DHERS, Sébastien, VANTOMME, Ghislaine and AVÉROUS, Luc. A fully bio-based polyimine vitrimer 

derived from fructose. Green Chemistry [online]. v. 21, n. 7, p. 1596–1601. 2019. DOI 10.1039/C9GC00540D. 

Available from: https://pubs.rsc.org/en/content/articlehtml/2019/gc/c9gc00540d. Accessed 4 August 2021.  

33.  ZHU, Yangyang, GAO, Fei, ZHONG, Jiang, SHEN, Liang and LIN, Yangju. Renewable castor oil and DL-

limonene derived fully bio-based vinylogous urethane vitrimers. European Polymer Journal. v. 135, n. 15, 

p. 109865. 2020. DOI 10.1016/J.EURPOLYMJ.2020.109865.  

34.  GANDINI, Alessandro, LACERDA, Talita M., CARVALHO, Antonio J. F. and TROVATTI, Eliane. Progress 

of Polymers from Renewable Resources: Furans, Vegetable Oils, and Polysaccharides. Chemical Reviews 

[online]. v. 116, n. 3, p. 1637–1669. 2015. DOI 10.1021/ACS.CHEMREV.5B00264. Available from: https://pubs-

acs-org.ez29.periodicos.capes.gov.br/doi/abs/10.1021/acs.chemrev.5b00264. Accessed 4 August 2021.  

35.  ALTUNA, Facundo I., PETTARIN, Valeria and WILLIAMS, Roberto J. J. Self-healable polymer networks 

based on the cross-linking of epoxidised soybean oil by an aqueous citric acid solution. Green Chemistry [online]. 

v. 15, n. 12, p. 3360–3366. 2013. DOI 10.1039/C3GC41384E. Available from: 

https://pubs.rsc.org/en/content/articlehtml/2013/gc/c3gc41384e. Accessed 4 September 2021.  

36.  YANG, Xinxin, GUO, Lizhen, XU, Xu, SHANG, Shibin and LIU, He. A fully bio-based epoxy vitrimer: Self-

healing, triple-shape memory and reprocessing triggered by dynamic covalent bond exchange. Materials & Design 

[online]. v. 186, n. 15, p. 108248. 2020. DOI 10.1016/J.MATDES.2019.108248. Available from: 

https://www.sciencedirect.com/science/article/pii/S0264127519306860. Accessed 4 September 2021.  

37.  NIEDERMANN, Péter, SZEBÉNYI, Gábor and TOLDY, Andrea. Effect of epoxidized soybean oil on 

mechanical properties of woven jute fabric reinforced aromatic and aliphatic epoxy resin composites. Polymer 

Composites [online]. v. 38, n. 5, p. 884–892. 2017. DOI 10.1002/PC.23650. Available from: https://onlinelibrary-

wiley.ez29.periodicos.capes.gov.br/doi/full/10.1002/pc.23650. Accessed 5 August 2021.  

38.  ZHU, Yunqing, ROMAIN, Charles and WILLIAMS, Charlotte K. Sustainable polymers from renewable 

resources. Nature [online]. v. 540, n. 7633, p. 354–362. 2016. DOI 10.1038/nature21001. Available from: 

https://www.nature.com/articles/nature21001. Accessed 20 August 2021.  

39.  LIU, Tuan, HAO, Cheng, ZHANG, Shuai, YANG, Xiaoning, WANG, Liwei, HAN, Jiarui, LI, Yuzhan, XIN, 

Junna and ZHANG, Jinwen. A Self-Healable High Glass Transition Temperature Bioepoxy Material Based on 

Vitrimer Chemistry. Macromolecules [online]. v. 51, n. 15, p. 5577–5585. 2018. 

DOI 10.1021/ACS.MACROMOL.8B01010. Available from: 

https://pubs.acs.org/doi/abs/10.1021/acs.macromol.8b01010. Accessed 4 September 2021.  



12    BJEDIS Angela Becerra. et al  

 

40.  ZHAO, Shou and ABU-OMAR, Mahdi M. Catechol-Mediated Glycidylation toward Epoxy Vitrimers/Polymers 

with Tunable Properties. Macromolecules [online]. v. 52, n. 10, p. 3646–3654. 2019. 

DOI 10.1021/ACS.MACROMOL.9B00334. Available from: 

https://pubs.acs.org/doi/abs/10.1021/acs.macromol.9b00334. Accessed 4 September 2021.  

41.  GENG, Hongwei, WANG, Yuli, YU, Qingqing, GU, Shaojin, ZHOU, Yingshan, XU, Weilin, ZHANG, Xi and 

YE, Dezhan. Vanillin-Based Polyschiff Vitrimers: Reprocessability and Chemical Recyclability. ACS Sustainable 

Chemistry & Engineering [online]. v. 6, n. 11, p. 15463–15470. 2018. 

DOI 10.1021/ACSSUSCHEMENG.8B03925. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acssuschemeng.8b03925. Accessed 31 August 2021.  

42.  OH, Yuree, LEE, Kyoung Min, JUNG, Doyoung, CHAE, Ji Ae, KIM, Hea Ji, CHANG, Mincheol, PARK, 

Jong-Jin and KIM, Hyungwoo. Sustainable, Naringenin-Based Thermosets Show Reversible Macroscopic Shape 

Changes and Enable Modular Recycling. ACS Macro Letters [online]. v. 8, n. 3, p. 239–244. 2019. 

DOI 10.1021/ACSMACROLETT.9B00008. Available from: 

https://pubs.acs.org/doi/abs/10.1021/acsmacrolett.9b00008. Accessed 4 September 2021.  

43.  HU, Sumeng, CHEN, Xi and TORKELSON, John M. Biobased Reprocessable Polyhydroxyurethane 

Networks: Full Recovery of Crosslink Density with Three Concurrent Dynamic Chemistries. ACS Sustainable 

Chemistry and Engineering [online]. v. 7, n. 11, p. 10025–10034. 2019. 

DOI 10.1021/ACSSUSCHEMENG.9B01239/SUPPL_FILE/SC9B01239_SI_001.PDF. Available from: https://pubs-

acs-org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acssuschemeng.9b01239. Accessed 11 November 2021.  

44.  WANG, Sheng, MA, Songqi, LI, Qiong, YUAN, Wangchao, WANG, Binbo and ZHU, Jin. Robust, Fire-Safe, 

Monomer-Recovery, Highly Malleable Thermosets from Renewable Bioresources. Macromolecules [online]. v. 51, 

n. 20, p. 8001–8012. 2018. DOI 10.1021/ACS.MACROMOL.8B01601. Available from: 

https://pubs.acs.org/doi/abs/10.1021/acs.macromol.8b01601. Accessed 4 September 2021.  

45.  VAN ECK, Nees Jan and WALTMAN, Ludo. Software survey: VOSviewer, a computer program for 

bibliometric mapping. Scientometrics [online]. v. 84, n. 2, p. 523–538. 2009. DOI 10.1007/S11192-009-0146-3. 

Available from: https://link.springer.com/article/10.1007/s11192-009-0146-3. Accessed 5 September 2021.  

46.  MITCHELL, Mark, MUFTAKHIDINOV, Baurzhan, WINCHEN, Tobias, WILMS, Alexander, SCHAIK, Bas 

van, MO-GUL, BADGER, The Gitter and JĘDRZEJEWSKI-SZMEK, Zbigniew. Engauge Digitizer Software [online]. 

2020. 12.2.1. Accessed 5 August 2021. Available from: https://zenodo.org/record/3941227.  

47.  LOVE, Jonathon, DROPMANN, Damian, SELKER, Ravi, GALLICCI, Marcello, JENTSCHKE, Sebastian 

and BALCI, Serdar. The jamovi project [online]. 2021. 1.8. Accessed 5 September 2021. Available from: 

https://www.jamovi.org.  

48.  VIECHTBAUER, Wolfgang. Conducting Meta-Analyses in R with the metafor Package. Journal of 

Statistical Software [online]. v. 36, n. 1, p. 1–48. 2010. DOI 10.18637/JSS.V036.I03. Available from: 

https://www.jstatsoft.org/index.php/jss/article/view/v036i03/v36i03.pdf. Accessed 5 September 2021.  

49.  COCHRAN, William G. The Combination of Estimates from Different Experiments. Biometrics. v. 10, n. 1, 

p. 101. 1954. DOI 10.2307/3001666.  

50.  TREJO-MACHIN, Acerina, PUCHOT, Laura and VERGE, Pierre. A cardanol-based polybenzoxazine 

vitrimer: recycling, reshaping and reversible adhesion. Polymer Chemistry [online]. v. 11, n. 44, p. 7026–7034. 

2020. DOI 10.1039/D0PY01239D. Available from: https://pubs-rsc-

org.ez29.periodicos.capes.gov.br/en/content/articlehtml/2020/py/d0py01239d. Accessed 7 September 2021.  

51.  LIU, Tuan, ZHAO, Baoming and ZHANG, Jinwen. Recent development of repairable, malleable and 

recyclable thermosetting polymers through dynamic transesterification. Polymer [online]. v. 194, p. 122392. 2020. 

DOI 10.1016/J.POLYMER.2020.122392. Available from: 

https://www.sciencedirect.com/science/article/pii/S0032386120302299. Accessed 7 September 2021.  



The bio components in the vitrimers reprocessability: A meta-analysis study BJEDIS    13 

 

52.  LI, Chang, JU, Benzhi and ZHANG, Shufen. Construction of a new green vitrimer material: introducing 

dynamic covalent bond into carboxymethyl cellulose. Cellulose [online]. v. 28, n. 5, p. 2879–2888. 2021. 

DOI 10.1007/S10570-021-03763-4. Available from: https://link-springer-

com.ez29.periodicos.capes.gov.br/article/10.1007/s10570-021-03763-4. Accessed 2 September 2021.  

53.  ZYCH, Arkadiusz, TELLERS, Jonathan, BERTOLACCI, Laura, CESERACCIU, Luca, MARINI, Lara, 

MANCINI, Giorgio and ATHANASSIOU, Athanassia. Biobased, Biodegradable, Self-Healing Boronic Ester Vitrimers 

from Epoxidized Soybean Oil Acrylate. ACS Applied Polymer Materials [online]. v. 3, n. 2, p. 1135–1144. 2020. 

DOI 10.1021/ACSAPM.0C01335. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acsapm.0c01335. Accessed 8 September 2021.  

54.  HAJIALI, Faezeh, TAJBAKHSH, Saeid and MARIĆ, Milan. Thermally reprocessable bio-based 

polymethacrylate vitrimers and nanocomposites. Polymer [online]. v. 212, p. 123126. 2021. 

DOI 10.1016/J.POLYMER.2020.123126. Available from: 

https://www.sciencedirect.com/science/article/pii/S0032386120309514. Accessed 31 August 2021.  

55.  KRISHNAKUMAR, Balaji, BOSE, Debajyoti, SINGH, Manjeet, SANKA, R. V.Siva Prasanna, GURUNADH, 

Velidi V.S.S., SINGHAL, Shailey, PARTHASARTHY, Vijay, GUADAGNO, Liberata, VIJAYAN P, Poornima, 

THOMAS, Sabu and RANA, Sravendra. Sugarcane Bagasse-Derived Activated Carbon- (AC-) Epoxy Vitrimer 

Biocomposite: Thermomechanical and Self-Healing Performance. International Journal of Polymer Science 

[online]. v. 2021. 2021. DOI 10.1155/2021/5561755. Available from: 

https://www.hindawi.com/journals/ijps/2021/5561755/. Accessed 8 September 2021.  

56.  ZHOU, Zhen, SU, Xunzheng, LIU, Jingcheng and LIU, Ren. Synthesis of Vanillin-Based Polyimine Vitrimers 

with Excellent Reprocessability, Fast Chemical Degradability, and Adhesion. ACS Applied Polymer Materials 

[online]. v. 2, n. 12, p. 5716–5725. 2020. DOI 10.1021/ACSAPM.0C01008. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acsapm.0c01008. Accessed 8 September 2021.  

57.  WANG, Shuaipeng, TENG, Na, DAI, Jinyue, LIU, Jingkai, CAO, Lijun, ZHAO, Weiwei and LIU, Xiaoqing. 

Taking advantages of intramolecular hydrogen bonding to prepare mechanically robust and catalyst-free vitrimer. 

Polymer [online]. v. 210, p. 123004. 2020. DOI 10.1016/J.POLYMER.2020.123004. Available from: 

https://www.sciencedirect.com/science/article/pii/S003238612030829. Accessed 8 September 2021.  

58.  LIU, Yu Yao, HE, Jia, LI, Yi Dong, ZHAO, Xiao Li and ZENG, Jian Bing. Biobased epoxy vitrimer from 

epoxidized soybean oil for reprocessable and recyclable carbon fiber reinforced composite. Composites 

Communications [online]. v. 22, p. 100445. 2020. DOI 10.1016/J.COCO.2020.100445. Available from: 

https://www.sciencedirect.com/science/article/pii/S245221392030173X. Accessed 31 August 2021.  

59.  LIU, Yu Yao, HE, Jia, LI, Yi Dong, ZHAO, Xiao Li and ZENG, Jian Bing. Biobased, reprocessable and 

weldable epoxy vitrimers from epoxidized soybean oil. Industrial Crops and Products [online]. v. 153. 2020. 

DOI 10.1016/J.INDCROP.2020.112576. Available from: https://pubag.nal.usda.gov/catalog/6966766. 

Accessed 11 November 2021.  

60.  CHEN, Fengbiao, GAO, Fei, ZHONG, Jiang, SHEN, Liang and LIN, Yangju. Fusion of biobased vinylogous 

urethane vitrimers with distinct mechanical properties. Materials Chemistry Frontiers [online]. v. 4, n. 9, p. 2723–

2730. 2020. DOI 10.1039/D0QM00302F. Available from: https://pubs-rsc-

org.ez29.periodicos.capes.gov.br/en/content/articlehtml/2020/qm/d0qm00302f. Accessed 31 August 2021.  

61.  LIU, Tuan, FEI, Ming-en, ZHAO, Baoming and ZHANG, Jinwen. Progress in Biobased Vitrimers. Acta 

Polymerica Sinica [online]. v. 51, n. 8, p. 817–832. 2021. DOI 10.11777/J.ISSN1000-3304.2020.20047. Available 

from: http://www.gfzxb.org/thesisDetails#10.11777/j.issn1000-3304.2020.20047. Accessed 8 September 2021.  

62.  TAO, Yangqing, FANG, Linxuan, DAI, Menglu, WANG, Caiyun, SUN, Jing and FANG, Qiang. Sustainable 

alternative to bisphenol A epoxy resin: high-performance recyclable epoxy vitrimers derived from protocatechuic 

acid. Polymer Chemistry [online]. v. 11, n. 27, p. 4500–4506. 2020. DOI 10.1039/D0PY00545B. Available from: 

https://pubs-rsc-org.ez29.periodicos.capes.gov.br/en/content/articlehtml/2020/py/d0py00545b. 



14    BJEDIS Angela Becerra. et al  

 

Accessed 8 September 2021.  

63.  GUO, Zijian, LIU, Bangjie, ZHOU, Li, WANG, Lingna, MAJEED, Kashif, ZHANG, Baoliang, ZHOU, Fengtao 

and ZHANG, Qiuyu. Preparation of environmentally friendly bio-based vitrimers from vanillin derivatives by 

introducing two types of dynamic covalent CN and S–S bonds. Polymer [online]. v. 197, p. 122483. 2020. 

DOI 10.1016/J.POLYMER.2020.122483. Available from: 

https://www.sciencedirect.com/science/article/pii/S0032386120303153. Accessed 8 September 2021.  

64.  HAJJ, Raymond, DUVAL, Antoine, DHERS, Sébastien and AVÉROUS, Luc. Network Design to Control 

Polyimine Vitrimer Properties: Physical Versus Chemical Approach. Macromolecules [online]. v. 53, n. 10, 

p. 3796–3805. 2020. DOI 10.1021/ACS.MACROMOL.0C00453. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acs.macromol.0c00453. Accessed 31 August 2021.  

65.  DEBNATH, Suman, KAUSHAL, Swaraj and OJHA, Umaprasana. Catalyst-Free Partially Bio-Based 

Polyester Vitrimers. ACS Applied Polymer Materials [online]. v. 2, n. 2, p. 1006–1013. 2020. 

DOI 10.1021/ACSAPM.0C00016. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acsapm.0c00016. Accessed 8 September 2021.  

66.  MEMON, Hafeezullah, LIU, Haiyang, RASHID, Muhammad A., CHEN, Li, JIANG, Qiuran, ZHANG, Liying, 

WEI, Yi, LIU, Wanshuang and QIU, Yiping. Vanillin-Based Epoxy Vitrimer with High Performance and Closed-Loop 

Recyclability. Macromolecules [online]. v. 53, n. 2, p. 621–630. 2020. DOI 10.1021/ACS.MACROMOL.9B02006. 

Available from: https://pubs-acs-org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acs.macromol.9b02006. 

Accessed 31 August 2021.  

67.  FENG, Zhanbin, HU, Jing, ZUO, Hongli, NING, Nanying, ZHANG, Liqun, YU, Bing and TIAN, Ming. 

Photothermal-Induced Self-Healable and Reconfigurable Shape Memory Bio-Based Elastomer with Recyclable 

Ability. ACS Applied Materials & Interfaces [online]. v. 11, n. 1, p. 1469–1479. 2018. 

DOI 10.1021/ACSAMI.8B18002. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acsami.8b18002. Accessed 8 September 2021.  

68.  SNYDER, Rachel L., FORTMAN, David J., HOE, Guilhem X. De, HILLMYER, Marc A. and DICHTEL, 

William R. Reprocessable Acid-Degradable Polycarbonate Vitrimers. Macromolecules [online]. v. 51, n. 2, p. 389–

397. 2018. DOI 10.1021/ACS.MACROMOL.7B02299. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acs.macromol.7b02299. Accessed 8 September 2021.  

69.  ZHENG, N and XIE, T. Thermadapt Shape Memory Polymer. Acta Polymerica Sinica [online]. v. null, 

n. 11, p. 1715–1724. 2017. DOI 10.11777/J.ISSN1000-3304.2017.17161. Available from: 

http://www.gfzxb.org/thesisDetails#10.11777/j.issn1000-3304.2017.17161. Accessed 8 September 2021.  

70.  YUE, Liang, KE, Kai, AMIRKHOSRAVI, Mehrad, GRAY, Thomas G. and MANAS-ZLOCZOWER, Ica. 

Catalyst-Free Mechanochemical Recycling of Biobased Epoxy with Cellulose Nanocrystals. ACS Applied Bio 

Materials [online]. v. 4, n. 5, p. 4176–4183. 2021. DOI 10.1021/ACSABM.0C01670. Available from: https://pubs-

acs-org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acsabm.0c01670. Accessed 7 September 2021.  

71.  SALAEH, Subhan, DAS, Amit, WIESSNER, Sven and STAPOR, Murseedee. Vitrimer-like material based 

on a biorenewable elastomer crosslinked with a dimeric fatty acid. European Polymer Journal [online]. v. 151, 

p. 110452. 2021. DOI 10.1016/J.EURPOLYMJ.2021.110452. Available from: 

https://www.sciencedirect.com/science/article/pii/S0014305721001865. Accessed 7 September 2021.  

72.  FEI, Mingen, LIU, Tuan, ZHAO, Baoming, OTERO, Anthony, CHANG, Yu-Chung and ZHANG, Jinwen. 

From Glassy Plastic to Ductile Elastomer: Vegetable Oil-Based UV-Curable Vitrimers and Their Potential Use in 3D 

Printing. ACS Applied Polymer Materials [online]. v. 3, n. 5, p. 2470–2479. 2021. 

DOI 10.1021/ACSAPM.1C00063. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acsapm.1c00063. Accessed 7 September 2021.  

73.  LIU, Yu-Yao, LIU, Gan-Lin, LI, Yi-Dong, WENG, Yunxuan and ZENG, Jian-Bing. Biobased High-



The bio components in the vitrimers reprocessability: A meta-analysis study BJEDIS    15 

 

Performance Epoxy Vitrimer with UV Shielding for Recyclable Carbon Fiber Reinforced Composites. ACS 

Sustainable Chemistry & Engineering [online]. v. 9, n. 12, p. 4638–4647. 2021. 

DOI 10.1021/ACSSUSCHEMENG.1C00231. Available from: https://pubs-acs-

org.ez29.periodicos.capes.gov.br/doi/full/10.1021/acssuschemeng.1c00231. Accessed 8 September 2021.  

74.  HIGGINS, Julian P T, THOMPSON, Simon G, DEEKS, Jonathan J and ALTMAN, Douglas G. Measuring 

inconsistency in meta-analyses. BMJ [online]. v. 327, n. 7414, p. 557–560. 2003. DOI 10.1136/BMJ.327.7414.557. 

Available from: https://pubmed.ncbi.nlm.nih.gov/12958120/. Accessed 8 September 2021.  

75.  EGGER, Matthias, SMITH, George Davey, SCHNEIDER, Martin and MINDER, Christoph. Bias in meta-

analysis detected by a simple, graphical test. BMJ [online]. v. 315, n. 7109, p. 629–634. 1997. 

DOI 10.1136/BMJ.315.7109.629. Available from: https://www.bmj.com/content/315/7109/629. 

Accessed 8 September 2021.  

76.  STERNE, Jonathan A C, SUTTON, Alex J, IOANNIDIS, John P A, TERRIN, Norma, JONES, David R, LAU, 

Joseph, CARPENTER, James, RÜCKER, Gerta, HARBORD, Roger M, SCHMID, Christopher H, TETZLAFF, 

Jennifer, DEEKS, Jonathan J, PETERS, Jaime, MACASKILL, Petra, SCHWARZER, Guido, DUVAL, Sue, ALTMAN, 

Douglas G, MOHER, David and HIGGINS, Julian P T. Recommendations for examining and interpreting funnel plot 

asymmetry in meta-analyses of randomised controlled trials. BMJ [online]. v. 343, n. 7818. 2011. 

DOI 10.1136/BMJ.D4002. Available from: https://www.bmj.com/content/343/bmj.d4002. 

Accessed 8 September 2021.  

77.  RUBIO-APARICIO, María, SÁNCHEZ-MECA, Julio, MARÍN-MARTÍNEZ, Fulgencio and LÓPEZ-LÓPEZ, 

José Antonio. Recomendaciones para el Reporte de Revisiones Sistemáticas y Meta-análisis. Annals of 

Psychology [online]. v. 34, n. 2 SE-Metodología de las ciencias del comportamiento, p. 412–420. 2018. 

DOI 10.6018/analesps.34.2.320131. Available from: 

https://revistas.um.es/analesps/article/view/analesps.34.2.320131.  

78.  HEPSOMALI, Piril, GREYLING, Arno, SCHOLEY, Andrew and VAUZOUR, David. Acute Effects of 

Polyphenols on Human Attentional Processes: A Systematic Review and Meta-Analysis. Frontiers in 

Neuroscience [online]. v. 15. 2021. DOI 10.3389/FNINS.2021.678769. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8180591/. Accessed 8 September 2021.  

79.  SHAMSEER, Larissa, MOHER, David, CLARKE, Mike, GHERSI, Davina, LIBERATI, Alessandro, 

PETTICREW, Mark, SHEKELLE, Paul and STEWART, Lesley A. Preferred reporting items for systematic review 

and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ [online]. v. 349. 2015. 

DOI 10.1136/BMJ.G7647. Available from: https://www.bmj.com/content/349/bmj.g7647. 

Accessed 8 September 2021.  

80.  FIELD, A P. Meta-analysis of correlation coefficients: a Monte Carlo comparison of fixed- and random-

effects methods. Psychological methods [online]. v. 6, n. 2, p. 161–180. 2001. DOI 10.1037/1082-989X.6.2.161. 

Available from: https://pubmed.ncbi.nlm.nih.gov/11411440/. Accessed 8 September 2021.  

81.  KRISHNAKUMAR, Balaji, PUCCI, Andrea, WADGAONKAR, Prakash P., KUMAR, Indresh, BINDER, 

Wolfgang H. and RANA, Sravendra. Vitrimers based on Bio-derived Chemicals: Overview and Future Prospects. 

Chemical Engineering Journal [online]. P. 133261. 2021. DOI 10.1016/J.CEJ.2021.133261. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S1385894721048361. Accessed 11 November 2021.  

82.  SUN, Yinglu, SHENG, Dekun, WU, Haohao, TIAN, Xinxin, XIE, Haopu, SHI, Biru, LIU, Xiangdong and 

YANG, Yuming. Bio-based vitrimer-like polyurethane based on dynamic imine bond with high-strength, 

reprocessability, rapid-degradability and antibacterial ability. Polymer. v. 233, p. 124208. 2021. 

DOI 10.1016/J.POLYMER.2021.124208.  

83.  ZHAO, Xiao Li, LIU, Yu Yao, WENG, Yunxuan, LI, Yi Dong and ZENG, Jian Bing. Sustainable Epoxy 

Vitrimers from Epoxidized Soybean Oil and Vanillin. ACS Sustainable Chemistry and Engineering [online]. v. 8, 

n. 39, p. 15020–15029. 2020. DOI 10.1021/ACSSUSCHEMENG.0C05727/SUPPL_FILE/SC0C05727_SI_001.PDF. 



16    BJEDIS Angela Becerra. et al  

 

Available from: https://pubs-acs-org.ez29.periodicos.capes.gov.br/doi/abs/10.1021/acssuschemeng.0c05727. 

Accessed 11 November 2021.  

 

 
  
 


