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Highlights

e Fine Tuners and Light Blockers are process additives whose effects depend on the complete formulation and exposure
system.

e Fine Tuners are described as photoaccelerant systems where that is their documented role; Light Blockers provide
wavelength-dependent attenuation.

e Additive effects on cure response and optical penetration can be coupled and must be measured in the named system.

¢ Only product combinations and starting ranges supported by the current TDS or controlled instructions should be used.

¢ A Bio designator does not show that a modified formulation preserves chemical or biological evidence for the base resin.

Abstract

Fine Tuners and Light Blockers are process additives used to adjust cure response and optical penetration in VPP
formulations. Selection depends on wavelength, printer irradiance and optics, base-resin chemistry, additive solubility,
optical target, geometry and the intended processing window.

Adding a Fine Tuner or Light Blocker creates a modified formulation. Product compatibility and dosage must therefore be
supported by the current TDS or controlled formulation instructions, and the final mixture must be validated for cure,
homogeneity, stability, mechanical behaviour and relevant chemical or biological requirements.

The Bio designator or compatibility with an MF Bio base resin does not automatically preserve an ISO 10993 profile. Where
biological documentation is relevant, it applies to the tested final formulation and processing condition, not to isolated
components or a family name.

Keywords vat photopolymerisation - Fine Tuner - Light Blocker - photoaccelerant - optical attenuation - process calibration -
formulation control

Source use. Controlled additive and calibration documentation is mapped in [1-4]; photopolymerization and working-curve
evidence in [5-8]; measurement, risk and biological-evaluation boundaries in [9-12].

1. Purpose and scope

VPP process calibration seeks a repeatable cure and dimensional response for a hamed formulation, printer and exposure
condition. A Fine Tuner can alter effective cure response, while a Light Blocker can alter wavelength-dependent penetration
and lateral exposure. The working result is a controlled process window, not a universal additive recipe or application
approval [1-7].

The paper therefore avoids fixed universal concentrations and portfolio-wide compatibility claims. Product names, variants
and documentation can change; the exact current TDS or controlled instruction for the selected base resin and additive
governs the starting route.

FORMULATION PRINTER / EXPOSURE MEASURED RESPONSE
; — : —
Base resin Wavelength and optics Cure depth
Fine Tuner Irradiance and time Optical penetration
Light Blocker Layer and geometry Lateral overcure

Fine Tuner and Light Blocker effects can be coupled; each final mixture needs measurement.

Figure 1. Coupled formulation-printer response. Fine Tuner and Light Blocker effects cannot be treated as universally
independent adjustment axes.
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2. Mechanistic basis and coupling

Photopolymerisation depends on light absorption, initiation and propagation kinetics, oxygen effects, mobility and network
formation. A Fine Tuner acting as a photoaccelerant can modify radical-generation efficiency and effective cure response. A
Light Blocker increases wavelength-dependent absorption or attenuation and can reduce penetration and lateral overcure [3
=7].

These functions are conceptually distinct but not necessarily independent in a real formulation. Additive absorption,
concentration, colour, solubility, scattering and interaction with the base cure system can change both effective penetration
depth and critical exposure. The complete mixture must therefore be characterized rather than inferred from isolated-

component descriptions.

KEY INSIGHT

A documented compatible option is a controlled starting point. It is not evidence that
every dosage, wavelength, printer or processing condition will provide the required resulit.

3. Product-specific selection inputs

Controlled field

Required record

Decision use

Boundary

Exact product, variant and

Family name alone is

concentration

change control

Base resin Defines formulation baseline | . g
batch insufficient
. Exact Fine Tuner or Light Links to product-specific Do not infer
Additive . h .
Blocker documentation interchangeability
D Starting range and final Supports replication and Current TDS controls the
osage

starting range

Optical system

Wavelength/spectrum,
irradiance and optics

Defines exposure context

No universal printer transfer

Preparation

Order, mixing, temperature
and elapsed time

Controls homogeneity and
stability

Document sedimentation or
phase change

Evidence

TDS/instruction revision and
measured results

Retains or rejects the option

Unknown means an
evidence gap

A Bio-designated product is identified by the supplier's named commercial designation and its actual controlled
documentation. That designation must not be converted into a biocompatibility class or interpreted as automatic preservation
of a chemical or biological profile after modification.

Exact base resin
and additive

Wavelength, dosage
and mixing route

Documented compatible
option or evidence gap

Current TDS / instruction
and stability evidence

A family label is not evidence that a modified formulation preserves a biological profile.

Figure 2. Documentation gate for selecting a Fine Tuner or Light Blocker. The decision is product- and formulation-specific.

4. Controlled calibration workflow

e Define layer thickness, cure-depth margin, lateral accuracy, geometry and other application-specific acceptance criteria.

¢ |dentify the exact base resin and the documented compatible option for the intended wavelength and printer condition.

e Use only the starting range and preparation route in the current TDS or controlled formulation instruction; do not copy a
dosage from another resin or platform.

e Record additive identity, concentration, order of addition, mixing conditions, temperature, elapsed time and visible
homogeneity or settling.
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e Measure cure and dimensional response with a defined exposure series and test geometry. Check mixture stability over
the relevant processing period.

¢ [terate within the documented route and lock the formulation and printer recipe only after prespecified criteria are met.

e Apply change control after any base resin, additive, dosage, supplier, batch, wavelength, printer or mixing change.

3 PREPARE

- - - -
Optical and Documented Controlled mixing Cure, penetration Lock recipe or
dimensional target starting option and stability check and dimensions iterate
FORMULATION-CHANGE GATE: r cure, h ity, stability and application evidénce

Figure 3. Controlled additive-calibration workflow with an explicit formulation-change gate.

5. Formulation and evidence control

Use only Fine Tuner and Light Blocker combinations documented for the selected base resin. Any additive, dosage or
supplier change can alter cure behaviour, extractables, leachables and final-part performance. The legal manufacturer
determines whether the modified formulation requires additional chemical characterization or biological evaluation for the
intended finished device.

A supplier statement regarding a component, including a REACH Candidate List or other composition statement, must be
assessed against its current scope, concentration threshold, supplier declaration and the final mixture. It must not be
transferred automatically to a modified formulation or finished article.

Where the final article is a medical or dental device, ISO 10993-1:2025 frames biological evaluation within risk management.
The relevant evidence depends on the finished device, contact, duration, manufacturing process, chemical characterization
and existing information. It is not a material certification or a fixed test battery [8].

6. Validation and reporting

¢ Report exact formulation identifiers, concentrations, batch information and controlled-document revisions.

e Report wavelength or spectrum, irradiance, exposure, layer thickness, printer, temperature and test geometry.

e Assess homogeneity, short-term and use-period stability, cure response, dimensional accuracy and relevant mechanical
behaviour.

¢ For chemical or biological conclusions, identify the tested final formulation, preparation, post-processing, method, report
and limitations.

e Separate process-calibration results from finished-article safety, regulatory and performance conclusions.

¢ Record evidence gaps explicitly; do not convert an undocumented combination into an implied recommendation.

7. Limitations

¢ No universal dosage, wavelength window or product interchangeability is established in this paper.

¢ Product names and compatibility statements may change; current controlled documentation must be checked before
use.

e Working-curve and dimensional results depend on the complete material—printer—process system.

e Optical and cure calibration does not establish long-term mechanical, chemical, ageing or biological performance.

¢ A Bio designation, SDS or supplier composition statement does not establish finished-device safety or conformity.

8. Conclusions

¢ Fine Tuners and Light Blockers provide controlled routes for modifying VPP cure response and optical penetration.

e Their effects can be coupled and require measurement in the named formulation and exposure system.

¢ Selection and dosage begin with the current TDS or controlled instruction and end with local validation and change
control.

e Every addition produces a modified formulation whose stability, cure, properties and relevant chemical or biological
evidence must be assessed.

e Process calibration supports manufacturing control but does not establish finished-device conformity.
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Revision note

Version 5.3 removes unsupported claims that labelled additives preserve 1ISO 10993, REACH or other final-formulation
attributes; replaces universal compatibility and dosage statements with current-document controls; normalizes Fine Tuner
terminology to photoaccelerant where applicable; treats cure and optical effects as potentially coupled; and updates 1ISO
10993-1 to the 2025 edition.
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