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Abstract

Wash solvents from vat-photopolymer workflows accumulate uncured resin, oligomers, pigments, particles and water while the solvent
itself evaporates and changes composition. Recovery therefore requires selective removal of contaminants and evidence that the
regenerated solvent remains fit for washing. This review defines a qualification framework for membrane, adsorptive and hybrid
purification of used photopolymer wash solvents, using isopropanol as the principal example. It addresses contaminant loading,
prefiltration, distillation or membrane separation, adsorption, fouling, solvent loss and reuse quality.
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1. Significance and scope
Vat-photopolymer post-processing commonly transfers uncured resin into a volatile organic wash solvent. Once used, that liquid is not
simply dilute resin: it can contain water, oligomers, pigments, particles and degradation products with very different separation behaviour.

This review owns purification and reuse of used wash solvent. It does not prescribe a single solvent or purification train; it defines the
evidence needed to claim that regenerated solvent is fit for controlled washing.

2. Used wash solvent is a changing mixture
Characterisation should begin with solvent fraction, water, dissolved organics, suspended solids, colour and any process-specific
contaminants. A conductivity or density reading can be useful only after correlation with actual contamination.

Isopropanol-recovery studies outside additive manufacturing show that contaminated solvent streams can require integrated separation
rather than one unit operation. Air stripping, condensation and activated-carbon polishing have been combined to recover IPA from
complex waste solvent [1].

Wash-solvent contamination should be described in terms of both dissolved and suspended fractions. Settling can temporarily improve
clarity while leaving a dissolved load that still changes washing power and evaporation residue.

Water management should be explicit because hygroscopic solvent handling and repeated washing can change the feed independently of
resin loading. A purification route that removes organics while allowing water to accumulate may progressively alter washing power and
drying behaviour.

3. Separation route must match contaminant class
Distillation is effective when volatility differences dominate, but water/IPA azeotropy and nonvolatile resin residues change energy and
purity requirements. Resin-rich bottoms also require controlled disposal or secondary recovery.

Membrane routes can separate solvent/water systems without full vaporisation, but performance depends on selectivity, flux and feed
composition. Modern membrane-distillation work shows that IPA recovery can be treated as a constrained optimisation problem rather
than a single operating point [2].

4. Membranes trade selectivity against fouling
Used photopolymer solvent introduces a fouling problem absent from clean binary feeds. Oligomers and pigments can adsorb on or
plasticise membranes, so flux stability and cleaning recovery should be measured over realistic load cycles.

Prefiltration can protect membranes and columns from particles but does not remove dissolved resin. Filter mass gain should not be
mistaken for total contaminant removal.

Adsorption is useful for residual organics or vapour capture and can be integrated with condensation or distillation. Carbon-based
recovery systems illustrate the importance of regeneration and breakthrough behaviour [1].
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Purification equipment should be challenged with the highest credible contaminant load, not only a lightly used bath. Breakthrough,
membrane fouling and distillation residue behaviour often become visible only near the upper operating range.

Cleaning validation belongs to membrane and adsorbent qualification. Restored flux after cleaning does not by itself prove chemical
cleanliness; extractables, desorbed contaminants or cleaning-agent carryover can enter the recovered solvent and later redeposit on printed
surfaces.

5. Adsorption and hybrids can polish recovered solvent
Hybrid trains may combine settling, filtration, distillation, pervaporation, membrane distillation and adsorption. The sequence should be
justified by contaminant class and the quality target for solvent reuse.

Solvent loss during purification belongs in the mass balance. A high-purity product obtained at low recovery may not improve operating
consumption or environmental burden.

Recovered solvent should be released by properties linked to washing: solvent concentration, water content, residue after evaporation,
colour/absorbance and contamination that can redeposit on parts.

Axis Measurement Failure mode

Feed solvent, water, dissolved and suspended load used solvent treated as binary mixture
Separation route, selectivity, recovery purity reported without yield

Fouling flux/breakthrough and cleaning fresh separator treated as steady state

Mass balance product, reject and solvent loss discarded residue omitted

Reuse wash performance and redeposition chemical purity treated as functional release

Table 1. Domain-specific qualification matrix for purification and reuse of photopolymer wash solvents.

6. Device-level verification by wash performance
Device-level verification should wash representative printed parts with virgin and recovered solvent under identical agitation, time and
loading. Measure residual uncured resin, surface contamination and downstream cure or appearance.

Reuse cycles should be tracked because contaminants can accumulate below the purge threshold. A solvent that passes one regeneration
can drift after repeated recycling if the purification train selectively leaves one impurity class.

Pervaporation studies of IPA/water mixtures demonstrate that membrane composition and operating conditions govern flux-selectivity
trade-offs [3]; analogous qualification is required before applying membranes to resin-contaminated solvent.

Device-level qualification should define a reuse endpoint over repeated cycles. A single regenerated batch demonstrates feasibility,
whereas a controlled sequence of contamination, purification and reuse is needed to establish steady-state purge requirements and
contaminant accumulation.

7. Minimum qualification framework
Report feed composition, solvent identity, contamination load, pretreatment, separation method, temperature/pressure, membrane or
adsorbent identity, throughput and regeneration method.

Report recovered-solvent yield and composition, reject streams, fouling or breakthrough behaviour, energy or utility inputs, and wash-
performance acceptance tests.

8. Engineering conclusions
Wash-solvent recovery should be qualified by both separation performance and reuse function. The correct endpoint is not a clear
distillate or permeate, but a solvent lot that performs a defined photopolymer washing task without transferring hidden contamination.
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