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Flexographic printing operations rely heavily on solvents
for plate washing, press cleaning, and maintenance
activities. These solvents are critical to print quality and
uptime, but they also introduce significant operational
challenges, including flammability risk, volatile organic
compound (VOC) emissions, rising disposal costs, and
increasing regulatory pressure.

This document presents a technical, engineering-led
examination of solvent recovery in flexographic
environments. It explains how solvent recovery systems
function, the risks they are designed to mitigate, and the
engineering principles that determine recovery efficiency,
safety, and long-term reliability.

Beyond individual components, this e-book offers a
comprehensive framework for ensuring safe engineering
and rigorous regulatory compliance. It is designed to guide
engineers and EHS leaders in effectively implementing
solvent recovery systems within the complex environment
of flexographic production.

INTRODUCTION
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1. THE CRITICAL NEXUS:
Solvent Utility and the High-Stakes Challenge
of Flexo Waste

In flexographic printing, solvents serve as the primary drivers of process
efficiency and operational flexibility. From high-speed press runs using Propanol
and n-Propyl Acetate to the intensive cleaning of anilox rollers and
photopolymer plates, solvents ensure crisp image transfer and rapid drying.

However, the same properties that make these solvents highly effective in
printing operations, namely high volatility and strong solvency, also introduce
significant challenges upon entering the waste stream, creating a complex and
difficult-to-manage treatment scenario.
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1.1 The Complexity of the Flexo Waste Stream

« Unlike relatively 'clean’ industrial solvent streams, flexographic waste is a
complex, multiphase system. It consists of a suspension of highly
engineered components that can exhibit unpredictable behaviour under
conventional thermal treatment. During distillation, polymeric binders may
concentrate and transition into a highly viscous or gel-like phase; without
precise temperature and residence time control, these materials can
undergo thermal degradation and charring. The resulting deposits form
insulating layers on heat transfer surfaces, hot spots thereby significantly
reducing efficiency and potentially leading to equipment fouling and failure.
The presence of water introduced through ambient humidity or plate
washing further complicates separation by forming azeotropic solvent
mixtures which necessitates advanced thermodynamic modeling and multi-
stage fractionation to reliably attain purities above 99%.

1.2 The Failure of "Off-the-Shelf" Systems

« Many facilities attempt to manage this waste using generic, manual
distillation units. In a flexo environment, this often leads to a cycle of "The
Three Fouls."

« First is Mechanical Fouling, where inadequate agitation and temperature
control allow resins to polymerize into a plasticized sludge that is nearly
impossible to remove.

» Second is Safety Fouling, where inconsistent vapor management leads to
the release of VOCs, increasing the risk of fire in a Class I, Div 1
environment.

 Finally, Process Fouling occurs when poor separation yields recovered
solvent that still contains trace resins, leading to ghosting or dirty print
defects when reused on-press.

1.3 Engineering as the Only Safe Path Forward
» Flexo waste being non-Newtonian fluid and thermally sensitive, the solvent
recovery unit needs to be designed with appropriate safety measures. It
must be treated as a critical process unit where safety is built into the logic
of the machine and not left to the discretion of an operator. Transitioning
from reactive waste management to a proactive, engineered recovery
strategy requires a deep dive into the physics of separation.
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2. CORE ENGINEERING PRINCIPLES OF
SOLVENT RECOVERY

To design a system capable of recovering volatile solvents from the non-
Newtonian nature of flexographic waste, we must first establish the
thermodynamic and rheological frameworks that govern separation.

2.1 Thermal Separation Fundamentals
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Most industrial solvent recovery systems are based on distillation, a thermal
separation process that exploits differences in volatility between components.
Separation is achieved by establishing vapor—liquid equilibrium (VLE)
conditions where the more volatile components transfer to the vapor phase,
while non-volatile components remain in the liquid phase. The effectiveness
of this process depends primarily on relative volatility (a). In flexographic
operations, solvents such as Ethanol, Isopropanol, or Propyl Acetate typically
boil between 77-82°C, whereas ink binders and resins are non-volatile. This
large volatility difference enables efficient recovery through simple or
fractional distillation.
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However, efficient vapor generation depends on appropriate reboiler
selection, heat transfer coefficients, and fluid thermal properties. In flexo
streams, increased viscosity due to dissolved polymers can reduce heat
transfer efficiency and create localized overheating risks. Additionally,
residence time must be carefully controlled, as excessive thermal exposure
can promote polymer crosslinking, increase fouling, and degrade solvent
quality. Properly engineered systems balance these variables to ensure high
recovery efficiency and product integrity, ensuring that purified solvent vapor
is condensed and recovered while inks and resins remain in the bottoms
stream.

2.2 Contaminant Behavior, Rheology, and System
Design

Flexographic inks exhibit non-Newtonian, thixotropic behavior, meaning their
viscosity varies with applied shear and time. Unlike Newtonian fluids, inks
demonstrate shear-thinning characteristics where apparent viscosity
decreases under shear stress due to mixing and rebuilds when shear is
removed. In thermal recovery systems, the absence of shear combined with
elevated temperatures can significantly increase apparent viscosity as
solvent concentration decreases. As distillation progresses, the remaining
residue becomes increasingly concentrated in resins and pigments, resulting
in rapid viscosity escalation, reduced convective heat transfer, and an
increased risk of localized overheating or thermal degradation.
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Because these materials behave as structured fluids, contaminant behavior
must be integrated into mechanical design. Engineering considerations
include managing solids loading to prevent pigment agglomeration,
controlling residence time to mitigate polymerization, and designing residue
removal in systems compatible with high-viscosity or semi-solid residues.
Consequently, solvent recovery systems must be engineered to manage
rheological behavior predictably through forced circulation, agitation, and
temperature moderation often via vacuum operation to maintain recovery
efficiency and minimize maintenance frequency.

3. SAFETY ENGINEERING AND
REGULATORY COMPLIANCE

Building on the technical characteristics of the waste stream, the recovery
system must effectively translate thermodynamic principles into a robust and
industrially safe operational framework. Solvent recovery processes
inherently involve hazardous conditions, and the handling of volatile vapors
necessitates that safety be a fundamental and integral component of the
system design and architecture.

3.1 Designing for Hazardous Environments

Engineering for safety begins with rigorous adherence to hazardous area
classifications, such as Class I, Division 1 or ATEX standards. At Maratek, we
recognize that manual or semi-automated systems significantly increase
operator exposure and the potential for human error.

A truly safe system relies on automated safety interlocks and redundant
protection layers. This includes pressure relief and over-temperature
protection to prevent thermal runaway during resin concentration, precision-
engineered heat exchangers for 100% vapor containment, and logic-based
automated shutdown sequences that bring the system to a safe state
instantly upon detecting a process deviation.
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3.2 The Regulatory and Environmental Mandate

Modern facilities face escalating scrutiny regarding VOC emissions,
hazardous waste storage, and cradle-to-grave solvent documentation. An
engineering-driven recovery strategy supports compliance by reducing
hazardous waste volumes requiring transport and lowering virgin solvent
consumption, which directly reduces the facility’s overall VOC footprint. By
designing compliance into the process flow rather than managing it through
external abatement, facilities can transition from reactive waste management
to proactive environmental stewardship.

4. STRATEGIC INTEGRATION AND
AVOIDING ENGINEERING PITFALLS

Successful implementation depends on how well the recovery system
integrates with plate processing workflows, waste collection practices, and
operator skill levels. Engineering-led integration minimizes manual handling
and process interruptions, ensuring equipment is not underutilized.

Common Engineering Pitfalls to Avoid

Many facilities fail to achieve their recovery goals by falling into "generic
equipment” traps. To ensure long-term reliability, engineers must avoid
oversimplifying solvent chemistry by treating complex flexo waste as a simple
liquid. It is also critical to account for the non-Newtonian nature of inks and to
avoid undersizing systems for future growth.

Finally, treating safety as an add-on rather than a fundamental requirement is
a common error that increases long-term risk. Avoiding these pitfalls requires
application-specific engineering—moving away from generic hardware toward
an integrated solution aligned with the specific realities of the flexographic
pressroom.
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5. MARATEK'’S ENGINEERING
APPROACH: CLOSING THE LOOP

To overcome the specific rheological and thermodynamic hurdles of
flexographic operations, Maratek has moved beyond generic distillation.

Our Flexo Series is designed specifically to handle the "Triple Threat" of flexo
waste: high solids loading, non-Newtonian viscosity, and the presence of
nitrocellulose.

5.1 Advanced Vacuum Distillation: Managing
Thermal Sensitivity

As established, Nitrocellulose (NC) is a nitrated cellulose polymer that serves as
a primary film-forming binder in many solvent-based flexographic inks and is
thermally sensitive. Maratek’s high-vacuum technology reduces the atmospheric
pressure within the vessel, lowering the solvent’s boiling point by as much as 30—
40%. By combining this high vacuum with a glycol-based heating medium,
Maratek systems maintain operating temperatures well below the auto-ignition
and combustion points of hazardous ink binders, ensuring safety while
preventing the fouling caused by thermal cracking.

5.2 The Auto Sludge Detection & Discharge System

One of the greatest operational failures in flexo recovery is "boiling to
dryness," which creates a rock-hard residue. Maratek’s Auto Sludge
Detection system uses real-time monitoring to identify the exact moment the
residue reaches its optimal concentration.

The system automatically terminates the cycle and discharges the liquid
sludge before it can polymerize. To counter the thixotropic nature of the
waste, internal scrapers constantly agitate the mixture, preventing pigments
from settling and ensuring uniform heat transfer across the vessel's walls.
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5.3 Quality Assurance: The Colorimeter Check

As reuse in plate washing requires extreme purity, Maratek systems can be
equipped with an integrated Colorimeter. This inline gatekeeper monitors the
clarity of the distillate in real-time. If any carryover of pigments or resins is
detected, the system automatically diverts the solvent and triggers an alert,
guaranteeing that only virgin-quality solvent returns to the production floor.

CONCLUSION

Effective solvent recovery requires an engineering-first approach to bridge
the gap between hazardous liability and operational efficiency. Grounding the
process in rheological science and automated control ensures consistent
distillate quality and system safety. Beyond waste reduction, this closed-loop
strategy optimises resource recovery and reinforces institutional adherence to
environmental regulations.

Next Steps
To evaluate a solvent recovery solution tailored to your specific flexographic
operation, consult with Maratek’s engineering team for a comprehensive

waste stream analysis.

Learn more: www.maratek.com
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About Maratek

We're the Market Leader in Professionally Engineered
Solvent Recovery and Recycling Equipment.

Maratek is a Canadian based, award-winning, industry
leader which has proudly served industrial manufacturers
globally for more than 50 years.

Maratek manufactures environmentally conscious products
that recycle waste for reuse from battery manufacturing,
printing, coatings, automotive, aerospace, paint and many
other related manufacturers to help them stay competitive in
the marketplace by cutting costs and saving money.

In 2011, Maratek acquired Omega Recycling Technologies,
allowing the company to significantly expand its product
offering.

Maratek focuses its development efforts on reducing,
reusing and recycling solvents and other liquid wastes in a
wide range of industries. Our company develops the latest
technologies, utilising our vast experience of supplying
clients worldwide to provide the best ROI possible.

CONTACT

Visit Maratek for more information: www.maratek.com
Call us on:(905) 857-2738

Our Global Presence:

Canada USA Germany

39 Nixon Road 250 Monroe Ave, Friedrichstr. 155
Bolton, Ontario, NW, Suite 400 10117 Berlin
Canada, L7E IKI Grand Rapids, MI, 49503 Germany

London Spain Mexico

207 Regent Street, Avda. de Europa 26 ATICA 5, 22 Fuente Bella 3299,
Suite 8, Third Floor, planta 14th Floor,

W1B 3HH 28224 Pozuelo de Alarcén Ciudad de Mexico,

London, England, UK Community of Madrid, Spain 14130
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