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Statement of significance

An incoming raw material can match its ordered name and certificate while differing in attributes that matter after
formulation and exposure. Conversely, an analytical difference need not produce a relevant process or part difference.
ER-172 separates documentary identity, measured material state, response in a controlled system and the final
lot-equivalence decision. This separation permits risk-based qualification without disclosing universal limits, proprietary
formulations or compensation rules.

Abstract

Qualification of incoming photoresin raw materials is often compressed into a comparison of supplier identity, CAS identity
and certificate-of-analysis values. Those records are necessary for traceability, but they do not answer the same question as
functional equivalence in a defined photopolymer system. A 1999 study of neat acrylates outside vat photopolymerisation
illustrates both sides of this distinction: deliberate inhibitor addition produced an initial change in a cure-monitor response,
while reported post-inhibitor rate parameters showed no continuing difference and the photoDSC heat difference remained
within measurement error. The same study also found no general ordering of measured polymerisation rate by nominal
functionality across its complete material set and reported lower-functionality material within one nominally hexafunctional
commercial oligomer. These observations do not establish supplier-lot effects or acceptance limits. They support a bounded
architecture in which documentary identity, measured chemical and distributional attributes, response in a declared
reference system and a predeclared equivalence decision remain separate evidentiary layers. Candidate variables such as
inhibitor state, acid number, water, equivalent weight, functionality distribution and process-related species are treated as
questions to be measured, not universal predictors. The resulting framework protects formulation know-how while making
the basis of an incoming-lot decision scientifically auditable.
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1. Scope and ownership

ER-172 addresses incoming photoresin raw materials before they enter formulation or printing: identity, inhibitor level,
functionality distribution, impurity and lot equivalence. Its question is whether an incoming lot has sufficient documentary,
analytical and response evidence for its intended controlled use. It does not prescribe a universal specification or claim that
every candidate attribute must be measured for every material.

ER-080, titled In-Can Stability and Premature Polymerisation in Radiation-Curable Formulations Inhibitor Mechanisms,
Residual Acidity, Thiol Chemistry, Pigment/Filler Effects, Metallic-Ink Instability, Packaging Redox and Thermal Transport
Risk in the ER-001 to ER-166 ownership register v0.2, retains that formulated-resin subject. ER-081, titled In-Can Stability,
Latency and Premature Cationic Polymerisation in Light-Curable Formulations: Photoacid Generators, Counterion
Chemistry, Impurities, Pigments, Fillers and Stabilisation Strategies in the same register, retains that cationic subject.
ER-036, titled Rheology, Recoating and Dispersion Control of Highly Filled VPP Suspensions: A Qualification and
Minimum-Reporting Note in that register, retains highly filled VPP suspensions. ER-156, titled Nano- and Micron-Scale
Raw Materials for Additive Manufacturing in that register, retains that raw-material field. The separate master-sequence title
for ER-156 remains a document-control issue and is not resolved by this article.

2. Four evidentiary layers

Incoming-material qualification becomes clearer when four layers are kept distinct.

Documentary identity and traceability establish what was ordered, supplied and represented. Supplier, grade, batch
identifier, declared composition, certificate and chain of custody belong here.

Measured material state establishes selected attributes of the received lot. The relevant attributes depend on the material,
known synthesis and degradation routes, the receiving formulation and the risk being controlled. A measured attribute is
evidence about that attribute, not automatically about printability or part performance.
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Functional response establishes how the received material behaves in a defined reference system and under declared
measurement conditions. A response can be chemical, rheological, cure-related, process-related or part-related. It is
interpretable only with the system, method and endpoints kept visible.

Lot-equivalence decision applies predeclared, product-specific criteria to the first three layers. This decision is an
engineering judgement under a defined intended use. It is not supplied by a material name, a certificate or one isolated test
result.

The layers are complementary rather than interchangeable. Documentary agreement cannot prove an unmeasured response.
An analytical difference does not by itself establish practical nonequivalence. A passing response test cannot repair a broken
identity or traceability chain.

3. What the direct evidence demonstrates

Khudyakov and co-workers' 1999 study examined neat acrylates by photoDSC and a fluorescence cure monitor; it was not a
vat-photopolymerisation study and not a supplier-lot study. In one material, deliberately added phenolic inhibitor produced
an observable initial delay in the cure-monitor trace; in the same study and under its conditions, after inhibitor consumption
the reported rate parameters showed no continuing difference and the photoDSC heat difference remained within
measurement error [1]. The positive observation and the null result therefore travel together. The experiment demonstrates
that a declared input change can affect one measured phase of response without establishing a persistent cure-outcome
difference. It does not make inhibitor level a universal acceptance variable.

In that 1999 photoDSC and fluorescence-cure-monitor study of neat acrylates, which was not a VPP study and not a
supplier-lot study, the authors reported no correlation between nominal functionality and the measured polymerisation-rate
parameters across the complete tested set. A tendency in conversion appeared only within a more closely related subset,
while the discussion also implicated structure, mobility, network formation and vitrification [1]. ER-172 therefore does not
infer a universal direction or magnitude from functionality alone.

In the same 1999 photoDSC and fluorescence-cure-monitor study of neat acrylates, which was not a VPP study and not a
supplier-lot study, the authors recorded that one commercial oligomer described as hexafunctional contained a material
fraction of lower-functionality polyol acrylates [1]. This observation supports treating nominal functionality and measured
composition as different descriptors for that material. It does not establish the distribution of any other product or lot.

Finally, that 1999 photoDSC and fluorescence-cure-monitor study of neat acrylates was not a VPP study and not a
supplier-lot study: although it used a diacrylate obtained from two suppliers, it did not characterise the two materials
sufficiently to demonstrate a supplier or lot effect [1]. Supplier identity, measured state and response remain separate layers
precisely because one cannot substitute for another.

4. Candidate attributes are questions, not verdicts

The receiving programme should begin with failure questions. Could an incoming difference alter storage, mixing, cure,
processing or the part response that matters for the intended product? Which measurement would discriminate that risk?
What result would require investigation, conditional use or rejection?

This framing permits inhibitor state, acid number, water, equivalent weight, functionality distribution and process-related
species to enter the assessment as candidate state variables. It does not assert that any one of them predicts cure, gelation,
stability, hazard or mechanical performance. Acid number, for example, is a measurement of titratable acidity. Its relevance
must be demonstrated for the material and system; it is not a self-executing cure or safety classification.

Likewise, a nominal functionality designation does not prove a single molecular population. A receiving programme may
ask whether a distribution has shifted, but the analytical target, response endpoint and decision rule must be selected for the
particular chemistry. The article makes no general claim about the presence, direction or consequence of residual reactants,
coproducts, catalysts, salts, stabilisers, isomers or oligomers in an unspecified commercial material.

Questions about acidity interacting with metals, halides or redox-active chemistry belong to a hypothesis-led investigation
unless direct evidence exists in the defined system. Mechanistic treatment of inhibitor loss and premature polymerisation in
a formulated resin remains with ER-080. Safety classification remains composition- and evidence-dependent and cannot be
derived from acid number alone.

5. Build the qualification around the intended use

The same incoming material may carry different risks in different formulations or products. The qualification target should
therefore be the material's intended function in a declared system, not an abstract claim of universal equivalence.

A defensible plan first identifies the material function and credible failure modes. It then assigns evidence to the four layers.
Identity-sensitive methods answer whether the received material matches the declared chemical or compositional object.
Distribution-sensitive methods address heterogeneity that a single nominal value can conceal. Response-sensitive methods
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ask whether a change becomes relevant in the controlled system. The final decision integrates those results under rules
established before the lot is assessed.

This architecture is compatible with protecting know-how. A public description can identify evidence classes and decision
logic without publishing supplier rankings, formulations, sampling plans, analytical settings, equivalence margins,
compensation factors or numerical acceptance limits.

6. The reference system must be declared but need not be disclosed

A response test is meaningful only when its context is controlled. The receiving organisation should define the reference
system, specimen or measurement configuration, conditioning state, endpoints and comparison basis. Changes to that
system can change what the test detects.

Mechanistic modelling shows that oxygen, viscosity and delivered light can be coupled in radical photopolymerisation, but
such modelling does not establish incoming-lot equivalence [2]. A VPP study of high-temperature processing applied
thermogravimetric analysis, rheology and differential scanning calorimetry, then used part fabrication to validate predicted
processing conditions for its particular formulated systems; it provides characterisation context, not evidence about supplier
lots of an incoming raw material [3]. These boundaries explain why an isolated raw-material value and a formulated-system
response answer different questions.

The public record need not reveal the reference formulation. It should, however, state that equivalence is conditional on a
controlled system and named endpoint classes. Internally, the method identity and version must remain traceable so that a
later result is not compared with a silently changed reference.

7. Compare like with like

Lot comparisons require controlled sampling, sample history and measurement state. Storage time, temperature history,
handling and preparation can create differences that do not originate in manufacture. Conversely, an insensitive method can
make two different states appear indistinguishable.

For each measurement, the programme should define what is being measured, why it is linked to an intended-use risk, and
how measurement capability will be demonstrated. The number of replicates, equivalence margins, retest triggers and
uncertainty treatment are product-specific. ER-172 deliberately supplies none of them.

A difference should be investigated at the layer where it appears. A documentary discrepancy calls first for identity and
custody resolution. An analytical shift calls for interpretation against method capability and functional relevance. A response
shift calls for confirmation that the reference system and history were controlled. Collapsing these paths into a single pass or
fail label obscures the evidence.

8. Change control and bridging

Supplier changes, manufacturing-route changes, specification revisions, analytical-method changes and unexplained trends
can all prompt reassessment. The appropriate response depends on the affected evidence layer and the potential consequence
in the intended application.

Bridging should not be treated as a ritual repetition of every test. It should preserve the evidence necessary to connect the
changed material to the qualified state. The bridge may require renewed identity evidence, targeted attribute measurement,
functional response or a combination. The scope and decision rules belong to the controlled quality system and are not
universalised here.

9. Interpretation discipline

Passing documentary and analytical checks supports only the propositions those checks address. Passing a response
comparison supports equivalence only for the tested system, endpoints and decision rule. It does not establish universal
chemical identity, universal printability or interchangeability in every product.

An observed difference is equally bounded. It can identify a signal that merits investigation without proving its cause.
Correlation between an incoming attribute and a response does not by itself establish mechanism, and absence of a detected
response difference does not prove that the materials are identical.

Null results should be retained. They prevent selective use of evidence and can show that a candidate attribute did not
discriminate lots under the tested conditions. The inhibitor example in Section 3 is valuable precisely because the initial
response and the later null cannot be separated without changing the meaning of the experiment.

10. Minimum reporting without proprietary disclosure

A reviewable qualification record should identify the incoming material and lot, the evidence layers used, the methods by
controlled identifiers, the reference-system identity, the endpoint classes, the decision version and any deviation or
unresolved limitation. It should distinguish measured fact, interpretation and disposition.
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The record need not publish confidential formulae or limits. External reporting can state that documentary identity, selected
analytical attributes and a controlled functional response were assessed under predeclared criteria. Detailed values and
decision logic can remain in controlled records available to authorised reviewers.

11. What this review does not specify

ER-172 does not specify universal limits for inhibitor, acidity, water, purity, colour, viscosity, equivalent weight or
functionality distribution. It does not prescribe lot-bridging sample sizes, equivalence margins, retest rules or supplier
rankings. It does not provide stabilisation strategies, formulation recipes or compensation rules. It makes no claim that
higher acidity necessarily causes gelation, that metals or halides necessarily initiate polymerisation, or that nominal
functionality alone orders cure rate, conversion or final properties.

12. Conclusions

Incoming qualification is strongest when it preserves the distinction between what a material is represented to be, what
selected measurements show about its received state, how it responds in a controlled system and how those findings support
an intended-use decision. The 1999 photoDSC and fluorescence-cure-monitor evidence from neat acrylates, which was not a
VPP study and not a supplier-lot study, demonstrates why one input change can affect an initial response without producing
a continuing difference in other measured outputs, and why nominal functionality cannot be used as a universal kinetic
ranking [1].

The practical outcome is a response-linked, risk-based architecture rather than a public table of values. It can make lot

decisions auditable while keeping proprietary methods, formulations and limits confidential. Equivalence remains
conditional on the defined material, reference system, endpoint and decision rule.

Related Engineering Review boundaries

ER-172 owns incoming photoresin raw materials before formulation or printing: identity, inhibitor level, functionality
distribution, impurity and lot equivalence. ER-080 and ER-081 retain their respective in-can stability and
premature-polymerisation subjects under the full titles recorded in the ER-001 to ER-166 ownership register v0.2; ER-036
retains highly filled VPP suspensions under its title in that register; and ER-156 retains nano- and micron-scale raw
materials under the title recorded there. The ER-156 title disagreement between controlling documents is not adjudicated
here.
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