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What are nanoparticles?

• Any particle no more than 100 nm in diameter

• For comparison:
• Atom/small molecule – 0.1 nm

• Nanoparticle – 1-100 nm

• Dust – 2500-10,000 nm

• Thickness of (standard printer) paper – 100,000 nm

• Don’t behave like their macroscopic counterparts



Why are they useful?

• Small size
• High surface area

• Increased antimicrobial activity

• Thorough permeation into wood
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HMS Victory

• Launched May 1765

• In dry dock since 1922

• Mostly wood
• age and species vary

• Undergoing 10-year 
conservation project
• Remove rotted outer planks and 

replace with modern oak

• Can planks be pre-treated to 
prolong timber lifetime?



Fungi on Victory

• Water ingress at many sites

• Painted timbers trap water

• Ideal conditions for fungi

• Fungi facilitate deathwatch beetle



Fungi on Victory



Project overview

• Are nanoparticles effective antifungal agents for 
oak?
• In vitro antifungal activity

• Permeation into modern oak

• Are nanoparticles compatible with e.g. paint, 
mastics?
• Any treatment must fit into workflow for replanking
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Nanoparticles tested

Properties* ZnO MgO TiO2 SiO2

Antifungal X X X

Antibacterial X X X

Anti-insect X X

UV protection X X X

Deacidification X

Hydrophobicity X X X X

Self-cleaning X X

Scratch resistance X X

*as reported in literature



In vitro antifungal tests

• Do nanoparticles stop fungal growth in the lab?
• Method based on testing antibiotic efficacy

• Nanoparticles on or in malt extract agar

• Add fungi and observe how well they grow

malt agar sprayed with or 

containing nanoparticles

fungal plug
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Sprayed agar
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Sprayed agar
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Application to wood

Pressure spray application

1) Spray with water to dampen wood

2) Mix 12.5 mg/mL nMgO dispersion 
in water

3) Shake vigorously

4) Spray wood surface until pooling

5) Remove excess

6) Leave overnight

7) Repeat

2.5 cm
2.5 cm

~15 cm



FTIR*

nMgO powder only nMgO-treated wood

untreated wood

*Fourier Transform Infrared Spectrometry

→ detects specific chemical bonds

→ did not work for the other nanoparticles or 
boracol
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CT

• Observe internal structure

• Contrast based on different 
interaction with X-rays
• Metal oxide nanoparticles 

show up as bright spots

• Low resolution but can scan 
whole sample without 
destroying the sample

Micro computed tomography suite at μ-Vis, 
Southampton University;

used as part of NXCT scheme



CT – control vs nMgO
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SEM

• Scanning electron 
microscopy

• Visualise small structures
• Nanoparticles still too 

small

• Can only see clusters

• Can detect elements

SEM facilities from Cranfield Defence Institute at 
Shrivenham
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Is it viable in practice?

• Spray application
• Quick

• Scalable

• Relatively cheap (no expensive kit required)

• Test applicability with*:
• Paint

• Caulking

• Adhesives

*Testing done by NC2 at Southampton University



Further work

• Scaled up test
• On plank closer to the size used on Victory

• Does it still work?

• How long to dry? etc.

• SEM after UV exposure or soaking of painted 
samples

• nMgO on fungal fruiting bodies

• High resolution CT scans

• CT and SEM of boracol-treated samples
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