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Abstract
Photocurable transesterification vitrimers combine a permanent crosslink density with thermally activated topology exchange, enabling 
stress relaxation, reshaping, repair and reprocessing. The engineering tension is that faster exchange improves reprocessability but can 
also increase creep or reduce dimensional stability in service. This review focuses on catalyst compatibility with photopolymerisation, 
exchange kinetics, stress relaxation, thermal stability and the evidence required to distinguish reversible topology rearrangement from 
degradation.
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1. Significance and scope
Transesterification vitrimers are important to additive manufacturing because associative ester exchange can permit stress relaxation and 
reprocessing while preserving network connectivity. The engineering problem is to balance exchange kinetics against creep and service 
stability, with catalyst state and temperature as explicit variables. Proprietary formulations and machine-specific tuning rules are outside 
scope.

1.1 Corpus boundary
ER-311 owns transesterification-based photocurable vitrimers and the engineering consequences of associative ester exchange. 
ER-113 retains cleavable-network chemistry; ER-316 owns urethane/transcarbamoylation exchange; ER-312 owns non-cyclic 
disulfide exchange.

2. Mechanistic basis
In associative transesterification, an incoming hydroxyl participates in ester exchange while network connectivity is maintained. 
Exchange rate depends on catalyst identity, hydroxyl/ester availability and temperature. The topology can therefore rearrange 
above the service regime without a large loss of crosslink density, which is the defining vitrimer concept [1].

3. State variables and process control
Catalyst loading must satisfy two different processes: it should not compromise resin shelf stability or photopolymerisation, yet it 
must provide useful exchange after printing. The topology-freezing or practical exchange window should be determined from 
stress relaxation and creep rather than inferred from catalyst concentration. [1,2]

4. Principal failure modes
Excessive exchange at service temperature produces creep and loss of dimensional retention. High-temperature reprocessing can 
also trigger irreversible side reactions or thermal degradation. Apparent reprocessability based only on reshaping is insufficient if 
molecular or mechanical properties deteriorate after each cycle [2].
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5. Measurement architecture
The minimum evidence set includes photopolymer conversion, DMA, stress relaxation at several temperatures, creep below the 
intended reprocessing window and repeated reprocessing with mechanical retention. Spectroscopy before and after thermal 
cycling helps separate exchange from chemical degradation. [1,2]

6. Evidence hierarchy and transfer
DLP-printable thiol-acrylate vitrimers demonstrate that catalyst design can preserve printability while enabling rapid network 
rearrangement, and subsequent work has questioned the thermal stability margins of transesterification systems during 
reprocessing [1,2]. Broader dynamic-network studies support the need for topology-state verification [3,4].

7. Qualification architecture
A transesterification-vitrimer qualification package should retain ester/hydroxyl functionality, catalyst identity and state, exchange-
temperature history, stress-relaxation kinetics, creep response and property retention after reprocessing. Controls should distinguish 
exchange-enabled relaxation from thermal softening or degradation. Transfer is justified only when the topology-exchange time scale 
remains compatible with both service and intended rework conditions.

8. Interpretation and decision logic
Decision logic should balance exchange kinetics against service stability. The network is useful only when stress relaxation becomes fast 
in the intended reprocessing window while creep and dimensional drift remain acceptably slow at service temperature over the relevant 
time scale.

Table 1. Qualification matrix for transesterification vitrimers for photopolymer additive manufacturing.

State variable Minimum evidence Qualification purpose

Print conversion Photopolymer conversion Confirms initial network

Exchange kinetics Stress relaxation versus temperature Defines topology mobility

Service creep Creep below rework window Checks dimensional stability

Reprocessing Repeated property retention Tests circular function

9. Diagnostic interpretation matrix
The diagnostic matrix should distinguish slow exchange, useful associative relaxation, catalyst loss or poisoning, thermal degradation 
and excessive service creep. Reprocessability should be accepted only when mechanical recovery accompanies evidence that network 
exchange, rather than simple melting or damage, caused the shape change.

Table 2. Diagnostic interpretation matrix for transesterification-vitrimer behaviour.

Observed deviation Competing mechanism Discriminating check

Fast creep Exchange active in service Lower-temperature relaxation

Poor rework Exchange too slow Temperature/catalyst dependence

Property loss Thermal degradation Spectroscopy plus mass/mechanics

Print instability Catalyst affects cure Cure kinetics/shelf test

Reprocessing should be demonstrated by more than reshaping a specimen once. At minimum, mass retention, conversion or functional-
group state, glass transition or storage-modulus response, and a mechanical property should be compared through repeated cycles. A 
useful claim distinguishes topology rearrangement from material recovery: a network may be geometrically reprogrammable while still 
accumulating irreversible chemical damage. Digital-light-processing evidence is therefore strongest when printability, exchange 
kinetics, service creep and repeated reprocessing are measured on the same chemistry [1,2].

10.1 Reprocessing evidence
For transesterification vitrimers, the central engineering requirement is separation between the service-temperature regime and the 
topology-rearrangement regime. Stress relaxation that is desirable during repair can become creep during service if the exchange process 
remains fast under sustained load. The qualification therefore needs isothermal creep and relaxation over a temperature ladder, followed 
by chemical and mechanical checks after each high-temperature cycle. Thermal stability must be established independently from 
exchange kinetics because a rapid apparent relaxation can be contaminated by degradation, plasticisation or loss of volatile species [1-4].
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9. Service window versus reprocessing window

10. Limitations and evidence gaps
Exchange kinetics depend strongly on catalyst and network chemistry, and the temperature used to demonstrate reshaping may be 
incompatible with a specific service environment. This review does not treat a single stress-relaxation time as a universal 
acceptance threshold.

11. Conclusions
Transesterification vitrimers are qualified by the separation between print stability, service stability and reprocessing kinetics. The 
useful material is not the one with the fastest exchange, but the one whose topology remains effectively frozen in service and 
predictably mobile during rework.
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