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Perfluorobutanesulfonic acid

6:2 fluorotelomer alcohol
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6:2 FTOH
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Product 

Method

Applicator

Properties

Confer stain resistance in carpets through water and oil repellent strategies
Goal



Performance ｜ Health 
Criteria for Success

Water and oil repellency Economic viabilityDurability/
longevity

Cleanability



Performance ｜ Health 
Criteria for Success

Eye, skin, respiratory irritation Carcinogenicity, 
mutagenicity,

endocrine disruption

Reproductive toxicity Persistence
Aquatic toxicity
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Strategy 1

Strategy 2

Strategy 3

Inspiration



Waxes and Oils

● Beeswax
● Mink Oil

1



What is Beeswax?
● Secreted from bees’ special glands 

         and used to form the structure of their hive. 
● Insoluble in water and completely soluble in fixed or 

          volatile oils, chloroform, ether, benzene and carbon disulfide

Performance
● Hydrophobicity: Beeswax has been used throughout history as 

waterproofing agent by rubbing beeswax onto a surface like leather or 
canvas then heating it. The wax seeps into the materials’ fibres and 
blocks water from passing through.

● Washability: Beeswax wraps are a reusable, washable and sustainable 
alternative to single-use plastic and cling wrap, which could last up to 6 
to 12 months.

1

(C15H31COOC30H61) 

Beeswax



● A mixture of the natural glycerides (mainly triglycerides) of 14 to 
20 carbon chain fatty acids obtained from the subdermal fatty 
tissues of the mink

● Currently used as a water-repellent barrier in cosmetics and 
leather boot care

What is mink oil?

1

Performance
● Hydrophobicity: Mink oil fills and penetrates the pores 

of leather creating a coat that can repel moisture
● Durability: As a leather shoe polish, mink oil must be 

reapplied every 2 weeks
● Triglycerides may enhance the penetration of other 

chemicals

Mink Oil



HAZARD TABLE
Carcinogenicity 
/ Mutagenicity

Developmental 
/ Reproductive 

Toxicity

Skin / Eye 
Irritation

Aquatic 
Toxicity 

Bioaccumulation
/ Persistence

Endocrine 
Activity

Bad Actors
(PFAS)

PFBS DG M H H H H

6:2 FTOH DG H H H L H

Wax and Oil
BeesWax L DG L DG DG L

Mink Oil L DG L DG DG DG

Key Low (L)

Low Average High

Medium (M) High (H) Very High (V) Data Gap (DG)



Biopolymers

● Chitosan
● Hydroxyethyl Cellulose

2



● Found in crustacean exoskeletons (crab and 
shrimp shell waste)

● Found in cell walls of fungi
● Has applications in the biomedical and food 

industry due to antimicrobial activity

What is chitosan?

Bio-based derivation

2

● A  linear polysaccharide composed of 
randomly repeating acetylated and 
deacetylated units

● Created when chitin is partially 
deacetylated under basic conditions

Chitosan



Performance

2
● Hydrophobicity: Chitosan can hydrogen bond with Nylon-6 fibers and 

alter its mechanical properties
● Chitosan can coat the carpet fibers and hydrogen bond with 

water-based stains to prevent the stains from permeating the carpet 
● Antimicrobial activity
● Durability: Antimicrobial activity remains on clothing for up to 50 

washes according to Tidal-TexTM

Photo: (NewbieFitnessAcademy., 2020)
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Chitosan



HAZARD TABLE
Carcinogenicity 
/ Mutagenicity

Developmental 
/ Reproductive 

Toxicity

Skin / Eye 
Irritation

Aquatic 
Toxicity 

Bioaccumulation/ 
Persistence

Endocrine 
Activity

Bad Actors
(PFAS)

PFBS DG M H H H H

6:2 FTOH DG H H H L H

Waxes and oils
BeesWax L DG L DG DG L

Mink Oil L DG L DG DG DG

Biopolymers Chitosan L L H H L DG

Key Low (L)

Low Average High

Medium (M) High (H) Very High (V) Data Gap (DG)



● Easily sourced due to natural abundance
● Antimicrobial and self-healing properties
● Soluble in acetic acid, a safer solvent, when pH of solution is 

less than 6

● Chitosan becomes overly viscous above 2% 
(w/w), losing its ability to flow

● Has acute aquatic toxicity
● Poorer long term hydrophobicity
● Potential for oleophobicity, but data gaps for 

the best way to do this

Advantages

Disadvantages

2 Chitosan



● Cell wall serves as barrier/film
● Hydro- and possibly oleophobicity in nature

What is cellulose?

Bio-based derivation

2

● Main constituent of plant cell walls and a 
polysaccharide consisting of chains of glucose 
monomers.

Cellulose



● Extremely sustainable and non-toxic
● Biodegradable

● Not hydrophobic
● Only used in small concentrations in actual products
● Data gaps

Advantages

Disadvantages

2 Cellulose



● Cell wall serves as barrier/film
● Hydro- and possibly oleophobicity in nature

What is CNC

Bio-based derivation

2

● Is obtained through acid hydrolysis of cellulose, where the 
cellulose is exposed to sulfuric acid under controlled temperature 
and time 

Cellulose Nanocrystal (CNC) & Use in Products 



● Overall Low Toxicity
● Biodegradable
● Hydrophobic
● Can be easily modified to overcome their 

limitations

● Eye/Respiratory irritation/inflammation high
● Cytotoxic
● Unknown Oleophobicity
● Possible Bioaccumulation
● Data Gaps

Advantages

Disadvantages

2 Cellulose Nanocrystal & Use in Products



HAZARD TABLE
Carcinogenicity 
/ Mutagenicity

Developmental 
/ Reproductive 

Toxicity

Skin / Eye 
Irritation

Aquatic 
Toxicity

Bioaccumulation 
/ Persistence

Endocrine 
Activity

Bad Actors
(PFAS)

PFBS DG M H H H H

6:2 FTOH DG H H H L H

Waxes and oils
BeesWax L DG L DG DG L

Mink Oil L DG L DG DG DG

Biopolymers
Chitosan L L H H L DG

CNC L DG H DG M DG

Key Low (L)

Low Average High

Medium (M) High (H) Very High (V) Data Gap (DG)



Silicon-based Materials

● Silicon Dioxide Nanoparticles
● Silicones

3
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● Lotus leaf microstructure
● Hierarchical rough patterning prevents water 

adherence

● One of many forms of silicon dioxide (SiO2)
● Tunable; additives during synthesis affect properties

Inspiration

Structure

What is a nanoparticle?
● 1-100 nanometer diameter
● Nanoscale: 100-10,000 times smaller than the width 

of a hair 

2011

Silicon Dioxide Nanoparticles (SiNPs)
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Advantages

Disadvantages

3 Silicon Dioxide Nanoparticles (SiNPs)



● Common component of coatings and cosmetics
● Siloxanes: small molecules containing O-Si-O bond
● Silicones: polymers containing O-Si-O bonds

● Chemical water repellency due to hydrophobic 
groups

● Physical repellency via modification of other 
structures to impart rough surface patterning

Synthetic silicon-containing compounds

Function

3 Silicon-Containing Small Molecules and Polymers  
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Advantages

Disadvantages

3 Silicon-Containing Small Molecules and Polymers  



HAZARD TABLE
Carcinogenicity 
/ Mutagenicity

Developmental 
/ Reproductive 

Toxicity

Skin / Eye 
Irritation

Aquatic 
Toxicity 

Bioaccumulation/ 
Persistence

Endocrine 
Activity

Bad Actors
(PFAS)

PFBS DG M H H H H

6:2 FTOH DG H H H L H

Waxes and oils
BeesWax L DG L DG DG L

Mink Oil L DG L DG DG DG

Biopolymers
Chitosan L L H H L DG

CNC L DG H DG M DG

Silicon-based SiNPs M H M L L L

Key Low (L)

Low Average High

Medium (M) High (H) Very High (V) Data Gap (DG)
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GHS Category Carcinogenicity 
/ Mutagenicity

Developmental 
/ Reproductive 

Toxicity

Skin / Eye 
Irritation

Aquatic 
Toxicity

Persistence /
Bioaccumulation

Endocrine 
Activity

Safest/low hazard GHS 3/4 none none no/ 
reversible 

effects

LC50 > 100 
mg/mL

BCF > 500, rapid 
degradation

none

Medium Hazard GHS 2/2B suspected suspected reversible 
adverse 
effects 

LC50 < 100 
mg/mL

BCF > 500, greater
than 70% 

degradation in 28d

suspected (cell or 
in vitro studies)

High Hazard GHS 1B/1C/2A strong evidence 
(multiple animal 

studies)

strong evidence 
(multiple animal 

studies)

prolonged 
adverse 
effects

LC50 < 10 
mg/mL

BCF < 500, less 
than 70% 

degradation in 28d 

strong evidence 
(multiple animal 

studies)

Very High Hazard GHS 1/1A carcinogenic/ 
mutagenic in 

humans

toxicity 
demonstrated in 

humans

rapid, 
irreversible 

damage

LC50 < 1 
mg/mL

BCF > 500, less 
than 70% 

degradation in 28d 

endocrine 
activity known in 

humans

Data Gap no evidence for either adverse or benign exposure outcome

HAZARD CRITERIA



High Confidence

Multiple authoritative lists and multiple corroborating studies

Medium Confidence

Authoritative list or multiple corroborating studies

Low Confidence

Few or inconclusive studies

HAZARD CRITERIA: Confidence



HAZARD TABLE
Carcinogenicity 
/ Mutagenicity

Developmental 
/ Reproductive 

Toxicity

Skin / Eye 
Irritation

Aquatic 
Toxicity

Bioaccumulation / 
Persistence

Endocrine 
Activity

Bad Actors
(PFAS)

PFBS DG M H H H H

6:2 FTOH DG H H H L H

Waxes and oils
BeesWax L DG L DG DG L

Mink Oil L DG L DG DG DG

Biopolymers
Chitosan L L H H L DG

CNC L DG H DG M DG

Silicon-based SiNPs M H M L L L

Key Low (L)

Low Average High

Medium (M) High (H) Very High (V) Data Gap (DG)



PERFORMANCE CRITERIA
Hydrophobicity
(Contact Angle)

Oleophobicity
(Contact Angle)

Washability Sustainability and Sourcing

Best performance >150° >150° >20 wash cycles inorganic or plant-derived

Medium performance 90°-150° 90°-150° 5-20 wash cycles animal-derived

Low performance <90° <90° <5 wash cycles petroleum-derived or PFAS

Data gap unspecified unspecified unspecified unspecified

Key High (H)

Low Average High

Medium (M) Low (L) Data Gap (DG)



Hydrophobicity
(Contact Angle)

Oleophobicity Washability Source

Bad Actors (PFAS) PFAS 170° 156° 120+ washes Artificial

Waxes and oils
BeesWax 153° DG 6-12 months Bees

Mink Oil Oil-based DG 2 weeks Mink

Biopolymers

Chitosan 102° DG 50 washes Crustacean 
exoskeletons

CNC ~>90° L DG Cellulose 
isolation + Prep

Silicon-based 
materials

SiNPs 151° 140-160° on silk 10-30 washes Silicon

PERFORMANCE TABLE

Key High (H)

Low Average High

Medium (M) Low (L) Data Gap (DG)
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Biopolymers
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Background
● https://dtsc.ca.gov/wp-content/uploads/sites/31/2018/10/Product-Chemical-Profile-PFAS-Carpets-and-Rugs.pdf (accessed Dec 1, 

2020).
● Förch, R.; Schönherr, H.; Jenkins, A. T. A. Surface design: applications in bioscience and nanotechnology. 2009, Wiley-VCH. p. 471.
PFAS
● Kota, A. K.; Kwon, G.; Tuteja, A. The design and applications of superomniphobic surfaces. NPG Asia Mater. 2014, 6, e109.
Beeswax
S. Lanigan; Yamarik. Final report on the safety assessment of PEG-6, -8, and -20 sorbitan beeswax February 2001 International Journal 
of Toxicology 20 Suppl 4(Suppl 4):27-38
Mink Oil
● Final Amended Report on the Safety Assessment of Mink Oil. Int. J. Toxicol. 2005, 24 Suppl 3, 57–64.

Paraffins
● Diversified Enterprises: Critical Surface Tension and Contact Angle with Water for Various Polymers. 2020 link accessed online 

November 2, 2020.
● Smet, DD; Weydts, D; Vanneste, M. 1 - Environmentally friendly fabric finishes. Sustainable Apparel: Woodhead Publishing Series in 

Textiles, 2015, 3-33.
Chitosan
● Matica, A; Menghiu, G; Ostafe, V. Biodegradability of Chitosan Based Products. Front Chem 2017, 26, 75-86.
● NewbieFitnessAcademy. https://www.newbiefitnessacademy.com/dry-fasting/ (accessed Dec. 6, 2020).
● Prabaharan M. Chitosan and Its Derivatives as Promising Drug Delivery Carriers; ASME Press: New York, 2012.
● Roy, J; Salaün, F; Giraud, S; Ferri, A; Guan, J. Chitosan-Based Sustainable Textile Technology: Process, Mechanism, Innovation, and 

Safety. Biological Activities and Application of Marine Polysaccharides; IntechOpen; 2016.
● Tidal Vision. Tidal-Tex: Chitosan Textile Treatments. https://tidalvisionusa.com/textiles/ (accessed Nov 29, 2020).
● Wallpaper Flare. 

https://www.researchgate.net/publication/scientific-contributions/Rebecca-S-Lanigan-35281169
https://www.researchgate.net/publication/scientific-contributions/Torrill-A-Yamarik-35548850
https://www.researchgate.net/publication/journal/1091-5818_International_Journal_of_Toxicology
https://www.researchgate.net/publication/journal/1091-5818_International_Journal_of_Toxicology
https://www.accudynetest.com/polytable_03.html?sortby=contact_angle#5
https://www.newbiefitnessacademy.com/dry-fasting/
https://tidalvisionusa.com/textiles/
https://www.wallpaperflare.com/color-carpet-cleaning-vacuum-cleaner-no-people-green-color-wallpaper-sosdf
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Silicon dioxide nanoparticles continued
● Ensikat, H. J.; Ditsche-Kuru, P.; Neinhuis, C.; Barthlott, W. Superhydrophobicity in perfection: the outstanding properties of the lotus leaf. 

Beilstein J. Nanotechnol. 2011, 2, 152–161.
● Sriramulu, D.; Reed, E. L.; Annamalai, M.; Venkatesan, T. V.; Valiyaveettil, S. Synthesis and Characterization of Superhydrophobic, 

Self-cleaning NIR-reflective Silica Nanoparticles. Sci. Rep. 2016, 6, 35993.
● ProtectMe ingredients list, https://www.protectmeproducts.com.au/eco-friendly-fabric-protector (accessed Nov 30, 2020)Telli, M. D.; 

Annaldewar, B. N. Superhydrophobic and ultraviolet protective nylon fabrics by modified nano silica coating. J. Text. Inst. 2015, 108, 
460-466.

● GHS Classification Result: Silane. GHS Japan, 2006.
● Petru, C. et. al. The Influence of New Hydrophobic Silica Nanoparticles on the Surface Properties of the Films Obtained from Bilayer 

Hybrids. Nanomaterials (Basel) 2017, 7, 37.
● Croissant, J. G.; Brinker, C. J. Biodegradable Silica-Based Nanoparticles: Dissolution Kinetics and Selective Bond Cleavage. Enzymes 2018, 

43, 181-214.
● Canadian Domestic Substance List: Siloxanes and Silicones, di-Me, 3-hydroxypropyl Me, ethers with polyethylene-polypropylene glycol 

mono-Me ether (CAS Number 67762-85-0). Accessed Nov 30, 2020.
● Murugadoss, S.; Lison, D.; Godderis, L.; Van Den Brule, S.; Mast, J.; Brassinne, F.; Sebaihi, N.; Hoet, P. H. Toxicology of silica nanoparticles: 

an update. Arch Toxicol. 2017, 91, 2967-3010.
● Hofmann, T.; Schneider, S.; Wolterbeek, A.; van de Sandt, H.; Landsiedel, R.; van Ravenzwaay, B. Prenatal toxicity of synthetic amorphous 

silica nanomaterial in rats. Reprod. Toxicol. 2015, 56, 141-146.
● Hu, H. et. al. Silicon dioxide nanoparticles induce insulin resistance through endoplasmic reticulum stress and generation of reactive 

oxygen species. Part Fibre Toxicol. 2019, 16, 41.
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Silicon dioxide nanoparticles continued
● Palmer, B. C.; Jatana, S.; Phelan-Dickinson, S. J.; DeLouise, L. A. Amorphous silicon dioxide nanoparticles modulate immune responses in 

a model of allergic contact dermatitis. Sci. Rep. 2019, 9, 5085.
● Zhu, S.; Gong, L.; Li, Y.; Xu, H.; Gu, Z.; Zhao, Y. Safety Assessment of Nanomaterials to Eyes: An Important but Neglected Issue. Adv Sci 

(Weinh) 2019, 6, 1802289.
● Han, H.; Park, Y. H.; Park, H. J.; Lee, K.; Um, K.; Park, J.-W.; Lee, J.-H. Toxic and adjuvant effects of silica nanoparticles on 

ovalbumin-induced allergic airway inflammation in mice. Respir Res. 2016, 17, 60.
● REACH Registered Substance Factsheet: Trimethoxy(2,4,4-trimethylpentyl)silane. Last updated March 24, 2020.
● REACH Registered Substance Factsheet: Silane. Last updated October 7, 2020.
● Vidya, P. V.; Chitra, K. C. Assessment of acute toxicity (LC50-96 h) of aluminium oxide, silicon dioxide and titanium dioxide nanoparticles 

on the freshwater fish, Oreochromis mossambicus (Peters, 1852). Int. J. Fish. Aquat. Studies 2017, 5, 327-332.
● Michel, K.; Scheel, J.; Karsten, S.; Stelter, N.; Wind, T. Risk assessment of amorphous silicon dioxide nanoparticles in a glass cleaner 

formulation. Nanotoxicology 2013, 7, 974-988.
● GHS Classification Result: Tetraethoxysilane. GHS Japan, 2014.

Silicones
● Cannon, A. H. Investigating Wetting Characteristics on Microstructured Surfaces for Superhydrophobicity and Metal Microcasting. 

Doctoral Dissertation, University of Illinois at Urbana-Champaign, 2009.
● Aslanidou, D.; Karapanagiotis, I.; Panayiotou, C. Superhydrophobic, superoleophobic coatings for the protection of silk textiles. Prog. 

Org. Coat. 2016, 97, 44-52.
● Material Safety Data Sheet for Material: 60006506, SILRES BS 290. Wacker Silicones, 2009. Accessed online Nov 30, 2020.
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Silicones continued
● Mojsiewicz-Pieńkowska, K.; Jamrógiewicz, M.; Szymkowska, K.; Krenczkowska, D. Direct Human Contact with Siloxanes (Silicones) – 

Safety or Risk Part 1. Characteristics of Siloxanes (Silicones). Front Pharmacol. 2016, 7, 132.
● REACH Registered Substance Factsheet: Hexamethyldisiloxane. Last updated October 1, 2020.
● REACH Registered Substance Factsheet: Trimethoxy(2,4,4-trimethylpentyl)silane. Last updated March 24, 2020.

Performance
● Contact angle photo: Contact Angle Platform. From Functional Materials and Photonic Structures (FMPS) website, accessed Dec 7, 

2020.


