
Master of Science HES-SO in Life Sciences

Keratin Based Biosorbent for Chemical Waste Treatment

Pauline Daul
CHEMICAL DEVELOPMENT & PRODUCTION

HEIA-FR 

Advisor: Dr. Véronique Breguet Mercier

DESCRIPTION & OBJECTIFS

RESULTS

This master's thesis focuses on the treatment of wastewater through biosorption using keratin-based products. The main objective is to valorize keratin-rich waste,

such as feathers, hair, and wool, to capture heavy metals in aqueous environments. These non-biodegradable and toxic metals pose a major threat to both the

environment and human health. Keratin is a protein found in nature in the form of 𝛼-keratin and β-keratin and composed of several functional groups capable of

bonding to metals.

The sustainability objectives include selecting a green treatment and optimizing the process to minimize waste production. Additionally, the implementation of a flow

system suitable for scale-up is optimized. Adsorption tests are conducted on copper and samples analyzed by AAS.

Selection of adsorbent Selection of treatment 

Influence of NaOH concentration Reduction of NaOH used

Keratin based biosorbent development

Optimization of treatment 

Flow adsorption

The 1M NaOH solution appears to be a promising treatment for copper recovery in aqueous media. It offers several improvements that contribute to a reduction in waste production. A potential 

perspective would be to test the reuse of NaOH until the treatment loses its effectiveness. The flow system presents issues related to flow distribution and a decrease in the maximum adsorption 

capacity of the treated wool. Additional tests could be conducted using a larger column, which would eliminate the need for g rinding and sieving the treated wool. If flow issues persist, an optimization 

of the batch method should be considered.

CONCLUSION
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Copper adsorption

30.50mg/g

Reason 1 :Flux distribution issues  Reason 2 : Adsorbent modification

At the adsorbent surface

Addition of 

sand

Inside the adsorbent

Liquid OUT

Liquid IN

Copper adsorption

Saturation

⍺-Keratin β-Keratin

Wool Hair Duck feathers

>93% of Cu2+ adsorbed 60% of Cu2+ adsorbed

→ Best treatment is 2M NaOH

Liquid IN

Liquid OUT

Saturation of treated wool

Batch adsorption Flow adsorption

9.91mg/g

→ Loss of Cu2+ adsorption capacity in Flow

→ Adding sand makes the flow 

distribution more homogeneous
→ Preferential pathway
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Adsorption number

Treated wool Treated Feathers Treated Hair Wool Feathers Hair

→ Best adsorbent is wool treated with 2M NaOH

→ Reducing particle size reduces adsorption capacity

Ground and 

sieved Ground
No physical 

modification

1-hour increase in treatment time Recycling of NaOHMore wool for less NaOH 

1M NaOH 90min

→ Same structure as 2M treatment 

→ Same adsorption results

Treatment 1

NaOH recovery

Treatment 2

→ Same copper adsorption results

→ Recycling possible

Initial mass [g] Yield [%] % Cu2+ adsorbed

4.00 33.5 64.17 ± 2.50

13.66 77.6 62.55 ± 3.37

→ Yield increase

→ Same adsorption results

β-keratin 𝛼-keratin
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