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Abstract

Aqueous and semi-aqueous post-processing can reduce reliance on volatile organic wash solvents, but the spent wash medium becomes a
formulation-dependent process stream containing dissolved, dispersed and suspended material. Water-washable does not mean contaminant-
free, and optical clarity does not establish chemical cleanliness [3]. Direct published evidence shows that water and detergent can remove
residual material from a specific water-washable dental photoresin and that washing conditions affect final-part properties [1]; however, this is
evidence about part washing, not about repeated reuse of an increasingly loaded wash bath. The controlled corpus also establishes that wash-
water disposition and waste classification remain separate questions owned by ER-178. ER-273 therefore defines a qualification architecture
for regeneration and reuse: establish the incoming stream, separate dissolved from suspended loading, measure removal and carry-over, track
bleed and make-up, verify cleaning performance on representative parts, and stop reuse when any non-compensatory gate fails. No universal
filtration rating, carbon dose, UV treatment, conductivity limit, turbidity limit or reuse-cycle count is prescribed.
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1. Significance, scope and ownership

Aqueous cleaning shifts the control problem; it does not eliminate it. Hydrophilic or water-dispersible uncured resin components can enter the
wash phase, while cured fragments, pigments, fillers and precipitated oligomeric material can form a suspended phase. Surfactants or co-
solvents in semi-aqueous systems add further components. ER-273 owns regeneration and reuse of that wash medium as a process-control
problem: composition drift, solids loading, removal operations, replenishment, cleaning performance and reuse limits. ER-178 retains waste
classification, legal disposition and no-discharge decisions [4]. ER-175 retains general wash-system engineering. ER-33 and ER-86 retain the
effect of washing/extraction on printed articles. ER-272 owns recovery mass balances for predominantly solvent wash streams. ER-279 is a
later analytical-monitoring review and is not used here as evidentiary authority.

1.1. Corpus boundary

ER-178 retains waste classification and disposition, ER-175 retains general wash-system engineering, and ER-33/ER-86 retain
washing/extraction effects on printed articles. ER-273 adds the narrower decision problem of whether an aqueous or semi-aqueous bath can
remain in service, be regenerated and returned to service, or must be removed from the process. ER-272 is a current-series neighbour for
predominantly solvent recovery mass balances and is not used here as published evidentiary authority. The review does not select a waste code,
treatment train or discharge endpoint.

2. Water-washable describes compatibility, not bath lifetime

Liu, Jin, Lim and Kim compared water, detergent and ethanol washing of one water-washable temporary crown-and-bridge resin [1]. Washing
agent and time changed flexural strength, hardness, degree of conversion and cytocompatibility, while residual monomer analysis showed that
treatment state matters. The study supports two propositions only: water can be an effective wash medium for a defined formulation, and
washing conditions affect the delivered article. It did not study serial reuse of contaminated wash water, regeneration of a loaded bath,
contaminant break-through, or a universal bath-replacement threshold. Those questions therefore remain open rather than being inferred from
successful one-pass washing.

3. The controlled state is a multiphase inventory

A reuse decision begins with an inventory, not a single surrogate reading. The dissolved fraction can include soluble monomers, oligomers,
photoinitiator-related species, inhibitors, dyes, surfactants and low-molar-mass reaction products. The dispersed or suspended fraction can
include droplets, gels, cured fines, pigment or filler particles and debris from support removal. Semi-aqueous systems can additionally contain
co-solvent whose concentration changes by drag-out, evaporation and make-up. pH, conductivity, turbidity, total organic carbon, ultraviolet
absorbance or suspended-solids measurements can be useful process indicators, but none is a universal substitute for chemical identity and
cleaning performance.

4. Regeneration is a separation claim

Filtration can remove particles but cannot prove removal of dissolved acrylates or photoinitiators. Settling or centrifugation has the same
boundary. Adsorption can remove some dissolved or colloidal species, but the relevant capacity, selectivity and break-through must be
demonstrated for the actual stream. Light or thermal treatment can change reactive material state while simultaneously generating products that
need their own accounting. Membrane or evaporative operations can create a cleaner permeate or condensate and a more concentrated residue;
they do not make material disappear. Every regeneration step therefore requires an input-output balance with identified secondary streams.

5. Reuse requires a performance bridge

A regenerated bath is qualified by the process it must perform. The bridge should compare fresh medium with regenerated medium at declared
loading histories using representative geometries, drain features and difficult-to-clean surfaces. Measurements should include at least one direct
cleanliness endpoint on the part, one chemical or optical indicator of carry-over where relevant, and a final-part response that can reveal over-
washing, swelling, surface attack or residue. A bath may meet an internal chemical indicator yet fail cleaning performance, or may clean
visibly while leaving a chemically relevant residue. These outcomes cannot compensate for each other.
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6. Bleed, make-up and serial accumulation

Repeated reuse is a dynamic mass-balance problem. Fresh make-up dilutes contaminants but also changes surfactant, co-solvent and water
fractions. Drag-out removes both carrier and contaminants non-selectively. Evaporation changes concentration without removing non-volatile
material. A defensible record therefore tracks bath volume, added make-up, removed bleed, parts or resin mass processed, regeneration outputs
and measured contaminant indicators by cycle. Reuse should be expressed as an accumulated process history rather than as an unsupported
maximum number of cycles.

7. Non-compensatory release gates

Gate Minimum evidence Blocking failure
Stream identity Resin, wash chemistry, bath volume, prior loading and Uncontrolled mixture

additions
Suspended phase Solids/turbidity or justified particle measure before and Particle removal unknown

after treatment
Dissolved phase Chemically informative measurement with known Clear liquid called clean

coverage
Mass balance Input, regenerated fraction, bleed, residue and losses Separation efficiency uninterpretable
Cleaning performance Representative parts and declared cleanliness endpoint Bath chemistry substituted for function
Final-part state At least one sensitive material/performance response Over-wash or residue effect missed
Serial history Cycles/loading, make-up, bleed and break-through trend One-cycle success generalized

8. Minimum experiment to establish reuse

A minimum study uses one defined photoresin and one defined wash chemistry. Fresh medium and at least three controlled contamination
states are prepared from known process loading or a traceable surrogate generated from the same resin. A declared regeneration step is applied
to replicated aliquots. Before and after regeneration, the study measures carrier composition, suspended solids or turbidity where relevant, at
least one chemically informative dissolved-organic measurement, and material balance. Representative printed parts are then washed under
fixed hydrodynamic conditions and evaluated for surface cleanliness, residual extractables or another justified chemical endpoint, dimensions
or mass change, and one use-relevant final property. The study should include serial reuse or accelerated loading sufficient to reveal
accumulation and break-through rather than demonstrating only one regenerated cycle.

9. Knowledge boundary

The directly read evidence base supports aqueous washing of selected water-compatible resins and demonstrates that wash conditions influence
the final part [1,2]. Ecotoxicity evidence for uncured resin feedstocks also shows why dilution or visual clarity cannot be treated as evidence of
benign composition [3]. It does not establish a universal regeneration technology or reuse limit for contaminated aqueous photoresin wash
media. ER-273 therefore treats filtration, adsorption, membrane separation, oxidation and other operations as candidate unit operations
requiring stream-specific validation, not as proven recipes. Waste-law and discharge decisions remain outside this review.

10. Conclusions

Aqueous and semi-aqueous wash media should be managed as evolving process materials. Regeneration is credible only when dissolved and
suspended loading, removal, secondary outputs and serial accumulation are measured, and when the regenerated medium is bridged back to
actual cleaning performance and final-part state. A clear bath, a low turbidity value or a successful filtration step cannot independently qualify
reuse. The technically defensible endpoint is a bounded reuse window with monitored state variables, non-compensatory stop criteria and
traceable mass balance.
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