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Introduction

Rinsing is one of the most important stages in any surface treatment process, yet it is often underestimated. A rinse
does far more than simply wash visible chemicals from a component; it removes residual process solutions that
would otherwise contaminate subsequent treatment stages or result in staining. Rinsing is not intended to neutralise
process chemicals; it is intended to remove them.

Common Failures in Surface Treatments

Many cosmetic issues in electroplating, anodising, chemical conversion coatings and other chemical processing
treatments can be attributed to ineffective rinsing. A very simple process but critical to the end finish. The biggest
problem is usually staining caused by surface contamination interfering with chemical reactions or simply remaining
invisible on the surface at the end of processing and becoming apparent over time or after delivery or in service.
Faying surfaces and blind holes also contribute to rinsing challenges.

Technical Knowledge Gaps

Most of the time problems in the process is a direct result of insufficient technical knowledge of processors not fully
understanding the science behind the process and mistakenly believing that if the part looks rinsed after a quick dip
in and out the part is sufficiently rinsed and free from previous chemical traces.

Residual Chemistry

Every chemical process leaves a thin film of solution on the component surface. If this residual chemistry is not
adequately removed, it can be transferred into the next tank, resulting in process contamination, undesired chemical
reactions, staining, poor adhesion, coating defects, corrosion or complete process failure.

One Minute Rule

For manually processed components, a practical minimum guideline is to immerse parts in clean, agitated rinse
water for at least one minute after every chemical processing stage. The rinse water should be clean, well agitated
and continuously refreshed or replaced at appropriate intervals to maintain effectiveness. Automatic treatment
plants must be programmed to include sufficient rinse times.

The following sections explain why effective rinsing is so important and how it can be improved.

Why Rinsing Works
Effective rinsing is based on two simple scientific principles:

e Dilution — Clean water dilutes the residual process chemicals remaining on the component.

e Diffusion — Concentrated chemicals naturally migrate from the component surface into the lower

concentration rinse water until equilibrium is reached.

The longer the component remains in clean, moving water, the more complete this transfer becomes.
Agitation continually replaces contaminated water adjacent to the surface with fresh water, significantly increasing
the rate of diffusion and improving rinsing efficiency. Not forgetting that there is likely to be an upper time limit
where undesired reactions like corrosion can start to occur for over extended rinsing times.

Surface Physics

Although machined and polished metals appear smooth to the naked eye, they are microscopically rough. Under

magnification the surface consists of peaks, valleys, scratches, pores and microcracks.
Adsorption Capillary Action Entrapment

Adsorption vs Absorption
Adsorption is a surface-
level process where
atoms, ions, or molecules
adhere (stick) to the
outside of a material.
Absorption is a bulk-level
process where a substance
permeates and is
completely soaked up into
the interior or volume of
another material

Residual chemicals (acids,
alkalis, cleaners, plating
solutions) hidden in these
microscopic features can
continue reacting and
interfere with downstream
processes.
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They are often only microns or nanometres thick and completely invisible.

These microscopic features trap processing chemicals through:
e Surface tension
e (Capillary action
e Adsorption onto the metal surface
e Entrapment within surface defects, faying surfaces and blind holes

Residual acids, alkalis, cleaners or treatment solutions retained within these microscopic features may continue
reacting after the part leaves the process tank. Unless adequately rinsed, they can interfere with subsequent
treatments by:

e Contaminating the next process bath

e Producing staining or chemical attack

e Reducing coating adhesion

e Causing blistering or peeling

e (Creating corrosion sites

e  Producing non-uniform coatings

e Creating staining of the finished article either immediately or post-delivery to the end user / customer
Because these residues are frequently measured in microns or nanometres, they are completely invisible to the
naked eye.

The Problem with In-Out Rinsing
One of the most common poor practices in manual processing is the quick immersion rinse.

Typically, operators briefly immerse the component once or twice before transferring it directly into the next
chemical tank. If no visible residue is seen, the component is assumed to be rinsed. In reality, this practice removes
only a portion of the drag-out solution.

The invisible chemical film remaining on the surface is then transferred into the next process tank, where
contamination gradually accumulates. Although the amount carried over by one component may be small, the
cumulative effect over hundreds or thousands of components can significantly alter process chemistry and operating
parameters reducing bath life.

Visual cleanliness should never be used as evidence of effective rinsing.

Staining

Staining may occur immediately or develop later when invisible residual salts remain on the surface due to
inadequate rinsing. These salts can absorb moisture after delivery, rehydrate and initiate corrosion or chemical
attack on the coating and/or substrate, resulting in staining and coating degradation.

Why One Minute?
There is no universal rinsing time suitable for every component or process. Factors such as component geometry,

solution viscosity, temperature and agitation all influence rinsing efficiency.

However, practical experience across the surface treatment industry has shown that one minute of immersion in
clean, agitated water provides a reliable minimum for most manually processed work.

This allows sufficient time for:

e Dilution of residual chemicals Large, complex or heavily recessed

e Diffusion from surface irregularities ST Ly sl el iy
. longer rinsing times.

e Removal of drag-out solution = =

Water exchange around complex geometries and blind holes
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Improving Rinsing Efficiency

Effective rinsing is achieved by improving water exchange rather than simply increasing water consumption.

Best practice includes:
e Counterflow rinse systems

o . .
Continuous overflow rinses Drag-out is the volume of process

e Low-pressure air agitation solution that adheres to a component
e Pumped water agitation as it leaves a treatment tank. Unless
allowed to drain or rinse adequately,
this solution is carried into the next
process stage, causing contamination.

e Spray rinses following immersion

e Adequate drainage time over process tanks

Drip trays to reduce drag-out

Multiple rinse stages for critical processes

Regular monitoring of rinse water conductivity
Routine replacement of contaminated rinse water

Components containing blind holes, threaded holes, deep recesses or complex internal passages should always
receive an additional spray rinse or extended immersion rinse to remove trapped chemicals.

Environmental Considerations
Modern rinse systems are designed to maximise rinsing efficiency while minimising water consumption.

Counterflow rinses, conductivity-controlled water replenishment and closed-loop recovery systems can dramatically
reduce water usage while maintaining excellent rinsing performance.

Closed-loop systems may incorporate: Conductivity provides an objective measure of rinse
e Reverse osmosis water contamination. As dissolved salts accumulate,
e lon exchange conductivity increases. Monitoring conductivity
allows rinse water to be changed based on
e Evaporation contamination rather than fixed time intervals.

e Chemical recovery systems

These technologies reduce wastewater generation, recover valuable process chemicals and lower operating costs
while improving environmental performance.

Key Takeaways

v Every chemical process should be followed by an effective rinse.

v Visual cleanliness does not indicate chemical cleanliness.

v Components retain chemicals within microscopic surface features.

Vv Agitation is just as important as clean water.

v One minute is a practical minimum immersion rinse for manual processing.

v Better rinsing improves coating quality, extends process bath life and reduces defects.
Vv Process operators must have technical knowledge on the science behind the process

The greatest threat to process integrity is rarely deliberate negligence. More often, it arises from the natural
human tendency to simplify tasks, eliminate perceived unnecessary steps or shorten process times in an
effort to improve efficiency and meet production or delivery demands.

Knowledge transforms operators from people who simply follow instructions into professionals capable of
recognising risks before defects occur.
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EFFECTIVE RINSING IN SURFACE TREATMENT

THE 1-MINUTE MINIMUM RINSE GUIDELINE

For manually processed components,
immerse in clean, agitated rinse water
for at least 1 MINUTE after every
chemical processing stage.

WHY RINSING IS CRITICAL

Every chemical process leaves a thin film of solution on the
component surface. If not adequately removed, it can:

Contaminate subsequent process tanks
Cause staining, chemical attack or corrosion
Reduce coating adhesion and uniformity
Cause blistering, peeling or coating failure
Shorten process bath life

Increase rework, scrap and cost

KEY TAKEAWAY

Visual cleanliness does not
mean chemical cleanliness.
You can’t see what remains.

1. DRAG-OUT BETWEEN PROCESS TANKS

Drag-out carries process solution to the next stage and
introduces contaminants.

Cleaner

®

Plating

Counterflow rinses reduce drag-out and contamination.
Always allow adequate drainage over the previous tank
and use drip trays.

5. RINSE SYSTEMS & GOOD PRACTICE
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Counterflow Continuous Agitation (air or
rinses reduce overflow maintains pumped water)
contamination and clean, fresh greatly increases
water use. rinse water. efficiency.

WHY RINSING WORKS

Rinsing is based on two scientific principles:

SURFACE PHYSICS — WHAT YOU CAN'T SEE

Even smooth metals are microscopically rough.

Chemicals become trapped in surface features by:

DILUTION

Clean water dilutes the residual
chemicals remaining on the
component.

O  DIFFUSION
o -0 Concentrated chemicals naturally
© migrate from the surface into the
lower concentration rinse water
until equilibrium is reached.

Agitation continually replaces contaminated
water adjecent to the surface with fresh water,
greatly increasing the rate of diffusion.

2. CHEMICAL CONCENTRATION vs. RINSE TIME

The majority of contamination is removed in
the first 60 seconds.
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One minute provides a practical minimum for most
manual processes. Complex parts may require
significantly longer.

Capillary
Action

Entrapment in

Adsorption
Micro-Pores

Residual chemicals (acids, alkalis, cleaners, plating solutions)
hidden in these microscopic features can continue reacting and
interfere with downstream processes.

They are often only microns or nanometres thick
and completely invisible.

3. RINSE METHODS COMPARISON

Agitation and spraying dramatically improve
rinsing performance.

STATIC
IMMERSION

AGITATED
IMMERSION

SPRAY RINSE

Limited water Water movement High water exchange.
exchange. increases diffusion Most effective,
Slowest removal and removal rate. especially for
rate. complex parts.
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Best practice: Agitated immersion rinse
followed by a spray rinse for complex parts.
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Add a spray rinse Allow adequate Use drip trays Use closed-loop Monito.r 'rinse

for blind holes, drain time over to reduce recovery systems conductivity and

threads and deep process tanks. drag-out. to save water and replace water at
recesses. chemicals. set intervals.

THE PROBLEM WITH “DIP AND LIFT”

Quick immersion rinsing removes only a portion of
the drag-out solution.

Part leaves
process tank

Brief rinse
(1-2 dips)

Part to next
process tank

Insufficient time for
dliution and diffusion.

Solution is carried
out (drag-out).

Residual chemistry is
transferred and builds up
contamination.

Small amounts add up. Over time, contamination
accumulates and process performance suffers.

4. MONITORING RINSE EFFECTIVENESS

Rinse water conductivity is a simple, objective way
to monitor performance.

Example Target Values

Rinse Stage Target Conductivity
(uS/em)

Rinse 1 (after process) <300

Rinse 2 <150

Rinse 3 (final) <50

®

Conductivity Meter Regular monitoring ensures rinse water

remains effective and helps optimise
water usage and replacement frequency.

KEY TAKEAWAYS

° Every chemical process should be followed by an effective rinse.
@ Components retain chemicals in microscopic surface features.

Agitation is just as important as clean water.

One minute is a practical minimum immersion rinse for
manual processing.

o
o

Better rinsing improves quality, extends bath life and
reduces defects.




