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Abstract
An inhibitor package in a radical photocurable formulation is not defined adequately by the name or nominal concentration of one
stabiliser. The effective state depends on the combined monomers and oligomers, inhibitor identities already carried by raw materials,
dissolved oxygen, headspace and container conditions, pigments and fillers, photoinitiator chemistry, thermal history and prior light
exposure. The same package must provide sufficient resistance to unintended reaction during manufacture and storage while still allowing
the intended photopolymerisation process to reach its required conversion and network state.

This review presents a qualification architecture that keeps four questions separate: chemical identity and inventory, dark-storage response,
intended photo-cure response and thermal screening. Primary studies show that radical trapping depends on substrate and oxygen state, that
inhibitor concentration can alter measured cure kinetics, and that calorimetric thermal behaviour requires its own kinetic interpretation.
None of these observations supplies a universal inhibitor concentration, storage life, safe temperature or exposure correction. The
engineering decision therefore rests on matched measurements under declared formulation, package, atmosphere and process conditions,
followed by controlled change assessment.
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1. Significance and scope
Radical photocurable formulations must resist unintended polymerisation before use and react rapidly when deliberately exposed. These
requirements compete, but they are not exact opposites. Dark stability can be controlled by chemical inhibition, oxygen availability,
temperature, light exclusion and package state, whereas intended cure also depends on absorption, radical generation, mobility and
specimen geometry.

This review addresses the formulation-level qualification of an inhibitor package after all constituents are combined. It does not prescribe a
commercial formulation, inhibitor blend, oxygen level, safe storage temperature, shelf life or emergency response.

1.1 Corpus boundary

ER-213 owns inhibitor-package interactions inside radical photocurable formulations and their joint qualification against storage response,
intended cure response and thermal screening. ER-080 retains general radical in-can stability and premature-polymerisation ownership.
ER-081 retains cationic in-can stability and latency. ER-172 retains incoming raw-material identity, inhibitor level, impurity and
lot-equivalence acceptance. ER-179 retains container, headspace, light transmission and storage-excursion disposition. ER-030 and ER-196
retain free-surface oxygen inhibition in vat photopolymerisation and thin pigmented films. ER-176 retains reactive-process safety,
emergency response and plant-scale hazard controls. ER-204 retains transient thermal-history metrology during intended
photopolymerisation. ER-213 uses evidence from these subjects but does not replace their dedicated methods or decisions.

2. Define the package before testing it
The declared inhibitor package should include every intentional inhibitor or retarder and the stabilisers introduced through monomers,
oligomers and additives. For each component, record identity, assay or specification, supplier and lot, nominal addition basis, carrier where
relevant and any known dependence on oxygen. A formulation total calculated only from intentionally added inhibitor is incomplete when
raw materials arrive pre-stabilised.

The physical state must also be declared: mixing order, temperature, time after mixing, dissolved-gas treatment, headspace, container
material and fill ratio, light history and sampling method. Pigments, absorbers, fillers and reducing or oxidising impurities can alter radical
availability or measurement response without changing the inhibitor label.

3. Three reserves and four measurands
It is useful to distinguish chemical inhibitor capacity, dissolved-oxygen state and the formulation's remaining resistance to unintended
radical activity. They may interact, but they are not interchangeable inventories. Li and Schork modelled oxygen and MEHQ together in
acrylic-acid polymerisation, illustrating why their effects cannot be represented as two independent labels [3]. Nayal and co-workers further
showed that inhibitor behaviour in acrylic-acid and acrylate autoxidation depends on substrate and reaction context [1].

The minimum response vector is

\[ \mathbf{y}=\left(t{ind},\ r{dark},\ r{photo},\ \alphaf,\ \dot q{thermal},\ \Delta\eta{store}\right) \]
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where tind is an operational induction descriptor, rdark is a declared dark-change rate, rphoto is a photoinduced conversion-rate
descriptor, αf is final conversion under the stated method, q̇thermal is measured heat-flow response and Δηstore is viscosity change over a
declared storage interval. No component alone proves the package acceptable.

4. Oxygen is a state variable, not a fixed ingredient
Dissolved oxygen may suppress radical propagation and may participate in the action of some inhibitor systems. Its effective state depends
on gas–liquid transfer, mixing, headspace, container permeability, temperature and consumption history. Consequently, the phrase air
equilibrated is insufficient unless equilibration method, time, geometry and temperature are recorded.

Evidence from acrylic-acid modelling supports treating oxygen and MEHQ as coupled variables in a defined system [3]. It does not justify
importing an oxygen concentration or sparging practice into a multicomponent photoresin. Free-surface inhibition during printing is a
separate phenomenon governed by ER-030 and ER-196.

5. Chemical inhibitors are not universally rankable
Phenolic inhibitors, nitroxides, phenothiazines and other radical-control species differ in the radicals they intercept, regeneration pathways,
oxygen dependence, temperature response and compatibility with the formulation. A ranking obtained in one monomer cannot be assumed
to survive a change to another reactive group, oligomer environment or impurity profile.

Nayal and co-workers directly compared inhibition behaviour in acrylic acid and butyl acrylate and found substrate-dependent
radical-trapping behaviour [1]. The engineering consequence is not a universal winner. It is a requirement to test the chosen package in the
actual formulation or in a justified, bounded surrogate.

6. Dark stability requires more than a gel/no-gel observation
Visible gelation is a late and coarse endpoint. Earlier change may appear as viscosity drift, haze, colour change, sedimentation,
molecular-mass growth, loss of reactive groups or changed photoresponse. A stability programme should therefore combine periodic
physical inspection with at least one quantitative liquid-state measurement and a retained-sample cure check.

Accelerated storage can reveal comparative instability, as illustrated by the coupled storage and cure measurements used in regulated
acrylate formulations by Kury and co-workers [5]. It cannot establish real-time shelf life unless the acceleration model and relevant failure
mechanism have been validated for the same formulation and package.

7. Intended cure must be measured independently
The cure-rate descriptor should be stated explicitly. For conversion α, a general rate expression is

\[ r_{photo}(t)=\frac{d\alpha}{dt} \]

but the measured value depends on wavelength, irradiance, optical path, atmosphere, temperature, specimen thickness and analytical
method. Rosentritt and co-workers used light transmission, dielectric analysis and photo-DSC to monitor a defined dimethacrylate system
while varying BHT [2]. Their results demonstrate method-dependent visibility of cure response and formulation-specific inhibitor effects;
they do not define a general BHT law for vat photopolymerisation.

Conversion, gelation and usable print response are different endpoints. The qualification should preserve this distinction rather than
compensate a delay automatically by increasing photoinitiator or exposure.

8. Thermal screening is a separate evidence stream
Photocure kinetics describe intended irradiation. Thermal screening asks whether unintended heat-producing reactions can occur under
relevant boundary conditions. A simplified heat-rate relation is

\[ \dot Q=m\,\Delta H_r\frac{d\alpha}{dt} \]

where m, ΔH_r and dα/dt must belong to the measured system and method. Fujita and co-workers used sealed-cell calorimetry and kinetic
analysis to study spontaneous thermal polymerisation of acrylic acid and distinguished polymerisation from other heat-producing chemistry
[4]. That work supports separate calorimetric analysis; its temperatures and kinetic parameters are not transferable to photoresins.

Any signal suggesting scale, containment or emergency implications must be routed to ER-176. ER-213 does not issue plant operating
limits.

9. Storage, cure and thermal response are non-equivalent
A package can delay intended cure while still providing inadequate long-term stability, or appear stable in a small dark vial while showing
an unfavourable thermal response under different containment. Conversely, a strong thermal event in a neat monomer does not define the
behaviour of a formulated resin. Each measurement answers a different question.

The qualification decision should therefore compare matched samples across three axes: dark evolution, intended photoresponse and
thermal screening. A pass on one axis cannot compensate automatically for a failure or unresolved result on another.



3Dresyns Engineering Publications · ER-213

3Dresyns Engineering Publications · ER-213 · 2026 · Page 3

10. Change control is part of inhibitor engineering
Requalification is required when a change can alter radical balance, oxygen state, optical transport or thermal history. Relevant changes
include monomer or oligomer lot, inhibitor content, impurity profile, photoinitiator, pigment, absorber, filler, mixing sequence, degassing
practice, container, fill ratio, storage temperature, transport excursion or printing exposure.

Incoming-lot acceptance remains with ER-172 and container or excursion disposition with ER-179. ER-213 determines whether those
changes require the formulation-level inhibitor package to be tested again.

11. A staged qualification workflow
Stage 1 establishes identity and reconstructs the complete inhibitor inventory. Stage 2 records initial liquid state, oxygen-handling history
and baseline photoresponse. Stage 3 measures dark evolution under real-time and, where justified, accelerated conditions. Stage 4 performs
thermal screening using an appropriate calorimetric method. Stage 5 repeats cure and property-relevant checks on aged or challenged
samples. Stage 6 defines change triggers and disposition rules.

The stages need not use one universal instrument, but specimens and conditioning must be linked. Unmatched tests on unrelated aliquots
cannot establish causality.

12. Interpretation matrix
Observation Supported interpretation Not established

Longer photoinduction under matched conditions The package altered early photoresponse Better storage stability or safer processing

Stable viscosity during a declared interval No detected viscosity drift under that protocol Universal shelf life or unchanged chemistry

Changed oxygen history changes induction Oxygen participates in the tested system state A universal oxygen specification

Calorimetric heat release is detected A thermal reaction requires identification and kinetic
assessment

A safe operating temperature or plant limit

Aged resin retains conversion One cure endpoint was retained Unchanged network state, printability or properties

One inhibitor performs better in one monomer Superiority under that bounded comparison Universal inhibitor ranking

13. Minimum reporting set
Report complete formulation family and inhibitor inventory; raw-material lots; mixing order and age; container, fill ratio and headspace;
atmosphere and oxygen-conditioning method; temperature and light history; storage protocol; sampling schedule; viscosity or other
liquid-state method; cure wavelength, irradiance, exposure, geometry and atmosphere; conversion and gelation methods; thermal
instrument, cell, sample mass, heating or isothermal programme; deviations; and the acceptance logic applied to each evidence stream.

Where accelerated ageing is used, report the model, calibration data and failure mechanism assumed. Where no validated model exists,
label the result comparative rather than predictive.

14. Knowledge boundary
Primary evidence establishes that inhibitor behaviour can depend on substrate and oxygen state, that changing inhibitor content can alter
cure kinetics in a defined photoactive resin, and that thermal response requires separate kinetic analysis [1–4]. The available evidence does
not provide a universal formulation rule connecting inhibitor identity or concentration to storage life, cure delay and thermal safety
simultaneously. Kury and co-workers provide a useful multi-measurand pattern in a different regulated-acrylate context, not an
inhibitor-package prescription [5].

15. Limitations
The sources span acrylic acid, butyl acrylate, dental dimethacrylate and regulated acrylate systems. Their chemistries, atmospheres,
specimens and objectives differ. This review therefore defines an evidence architecture rather than numerical limits. It does not address
cationic latency, plant emergency response, raw-material release specifications or free-surface oxygen control in detail.

16. Conclusions
An inhibitor package must be qualified as a formulation state, not as a stabiliser label. Chemical inventory, dissolved oxygen, dark
evolution, intended cure and thermal response require distinct measurements linked by common custody and conditioning. Longer
induction, unchanged viscosity or a single calorimetric result cannot prove the entire package acceptable. The defensible decision is
formulation-specific, method-declared and change-controlled, with process-safety questions routed to their dedicated controls.
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