
The Dirty Truth
Contamination & Non-Homogeneity: the hidden barrier to PFAS-free durable water repellency (DWR)
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Checklist

PFAS-free durable water repellents (DWRs) are no longer 
optional for much of the textile market. Yet one of the most 
underestimated barriers is not the chemistry — 
it is the substrate.

Modern textiles are chemically and physically heterogeneous 
by design. Oils, sizes, surfactants, softeners, salts, particulates, 
and mixed-lot variability enter the fabric at many points across 
a fragmented, multi-tier supply chain. If even a small fraction 

loss of repellency during care cycles.

low surface energy can mask some variability. Many PFAS-free s
ystems are less forgiving: they can match water repellency in 
ideal conditions, but their performance boundary is narrower — 
especially when contamination or drift is present.

The practical path forward is to treat contamination and 

stage-gated testing approach (incoming fabric characterization

> contamination challenge > durability/process window 

Where contamination enters: a multi-tier pathway

Figure 1. Where contamination enters: a multitier textile pathway

Every handoff is a potential surface-chemistry reset.
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to low-surface-tension liquids and stains is clearly reduced. In other words, PFAS-free can be 

and the substrate is controlled.
In practice, this means PFAS-free DWR often has a narrower process window: small changes 
in fabric cleanliness, pickup, drying/curing, or care history can move performance from 

oils, silicones) can be penetrated by oils (including lotions and skin oils), reinforcing that 
real-use contamination matters.
A useful analogy comes from surface functionalization research: Nguyen et al. showed that 

can be limited after degradation. While their work is not about apparel DWR, it illustrates a 
general truth in polymer processing: surface oils change over time and can become harder 
to remove — and surface chemistry will not forgive you.

The substrate is the product: why “clean fabric” is not a given

auxiliaries, softeners, and residues from incomplete rinsing. CottonWorks, for example, notes that 

non-homogeneous at the scale that matters to coatings: microns to millimeters.

A nuance worth stating: inconsistency is not always ‘corner cutting’. Some residues are deliberately 

or process constraints. The outcome is the same: PFAS-free DWR must be engineered and validated 
against the reality of the substrate — not against idealized lab cloth.

Figure 2. A practical contamination taxonomy for coatings.

A practical contamination taxonomy for coatings
Different contaminants break PFAS-free DWR in different ways. Treat them as test vectors.
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Why PFAS-free DWR feels harder: the system is less forgiving

to low-surface-tension liquids and stains is clearly reduced. In other words, PFAS-free can be 

and the substrate is controlled.
In practice, this means PFAS-free DWR often has a narrower process window: small changes 
in fabric cleanliness, pickup, drying/curing, or care history can move performance from 

oils, silicones) can be penetrated by oils (including lotions and skin oils), reinforcing that 
real-use contamination matters.
A useful analogy comes from surface functionalization research: Nguyen et al. showed that 

can be limited after degradation. While their work is not about apparel DWR, it illustrates a 
general truth in polymer processing: surface oils change over time and can become harder 
to remove — and surface chemistry will not forgive you.
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3.

4.

The hidden cost of non-rigorous testing

When contamination is not built into the test plan, development teams often select a 
chemistry that looks excellent on a ‘clean’ lab fabric — and then fails during scale-up 

• Reprocessing increases water, energy, and chemical use. The World Bank/IFC PaCT 
program notes that poor Right-First-Time (RFT) performance in dyehouses drives 
reprocessing, which requires additional time, water, energy, and chemicals — 
and demonstrates substantial resource savings when RFT improves.

• 
that tens of millions of tonnes of textile waste are generated annually, while the Ellen 
MacArthur Foundation describes the scale of disposal as roughly a ‘truckload’ of 
textiles each second. Extending functional life is one of the fastest ways to reduce 

In 



Q1 2026

09

A rigorous testing playbook for PFAS-free DWR 
on real textiles

This is a practical, high-leverage framework that we have seen 
reduce failure rates while speeding decision-making.

5.

Rigor does not mean running every test. 
It means running the right tests, 
on the right substrates, 
under the right stresses — 
and capturing the boundaries. 

Suggested contamination-challenge protocol (example)
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6.
Why rigor is speed — and why it is sustainability

Rigor is a development accelerator: a stage-gate testing pipeline

Figure 4. Stage-gate testing pipeline: using rigor to accelerate PFAS-free DWR adoption.

A rigorous program feels slower on day one because it demands better controls, 
better substrates, and better measurements. But it is faster over the life of development 
because it eliminates false positives.

Key idea:
the goal is not
to ‘pass a test’ –
it is to map failure 
boundaries
before the 
market does.

0. Incoming substrate
characterization

• extractables / PH
• surface energy
• baseline absorbancy

1. Controlled
application

• pickup control
• dry/cure DOE
• bath stability

4. Durability &
process window

• laundering
• abrasion
• SPC limits

5. Field validation

• real-use soils
• care cycles
• feedback loop
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Practical checklist: 
What to ask your supply chain (and your lab)

Do we have an incoming-fabric 
‘surface readiness’ test 
(pH, extractables, wicking/absorbency)?

Can we detect silicone contamination 
(especially if any line runs silicone 
softeners or elastomers)?

Do we test more than one fabric lot 
and more than one mill?
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4132 Jackie Rd
SE Rio Rancho, NM
87124

https://empel.g reen/#contact

Contact info

Green Theme Technologies Inc .

https://empel.green/#contact

