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Hazards and Protection

1. Thermal insulation;

2. Cooling effect;

3. Windproof;

4. Water/Liquid proof;

5. CBR (Chemicals, 

Biological and 

Radiations) barriers

6. Fire/heat resistance;

7. Ballistic/stab resistance;

8. UV proof;

9. Others

1. Cold;

2. Heat;

3. Wind;

4. Rain/Sea/Liquids;

5. CBR (Chemical, 

Biological and 

Radiation hazards)

6. Fire/High temperature;

7. Bullet/Knife/Projectile;

8. UV;

9. Others



Intelligent combat clothing “Warrior Web”

Personal Protective Equipment 

(PPE) is a System

Medical PPE

Medical PPE

Industrial PPE

CNBR PPE

High Temp PPE

Firefighter’s  PPE

PPE for Cold Weather



1. Protection

2. Comfort 

   (tactile, thermal, thermo-
physiological comfort, sweating)

3. Mobility

Performances of PPE

European (EU) Regulation 2016/425 and the PPE 2018 Regulations (SI 2018 

No. 390)

USA Occupational Safety and Health Administration (OSHA): 29 CFR 

1910.132



http://www2.dupont.com/Protective_Clothing_Tyvek/en_GB/chemical_protection.html

Achieving Protection and Comfort in PPE 

(examples of CBRN)



Materials for Firefighter’s Clothing

Outer shell : consists of a blend of 

60% Kevlar® (poly para-aramid) and 

40% Nomex® (poly meta-aramid),

Moisture barrier is a PTFE membrane

The thermal liner consists of 

Nomex® face cloth and Kevlar® 

batting;



Fabrics Engineered for Protection 

and Comfort

- Permeable textiles

- Semipermeable films 

 (Gore-tex & monolithic PU film)

 

- Impermeable films

- Clothing design

-Paramo

-Seam seals

Tychem F2

Tyvek



The minimum temperature is either at 

least 16°C, or  13°C for work involving 

rigorous physical effort.

(for indoor working environment)

Workplace (Health, Safety and Welfare) Regulations 1992 by Health and Safety Executive (HSE)

➢ appropriate PPE, 

➢ more frequent rest breaks, 

➢ delay work until warmer time;

(for outdoor working environment)

Case Studies: 

Engineering Workwear for Cold Weather



How cold is cold ? and 

What do we wear in winter ?

Is this guidance reliable ?



Performance requirements of 

garments for cold weather 

Wind                      –  Windproof

Wet and ice           – Waterproof

Low temperature  – Thermal Insulation

Sweating               – Breathability  

Winter darkness   –  High visibility     

Cold Stress:

➢ Less likely to perform well, and

➢ More likely to behave unsafely



Windproofness ??
-- Air permeability

WHICH ONE?



Water repellency or Waterproofness ??
-- Level of hydrostatic head 

Up To 5,000mm:              Light Rain

5,000mm - 10,000mm:    Average to Heavy Rain

10,000mm & Above:        Very Heavy Rain



ρ is the material density (kg/m3), c – specific heat 

capacity (J/kgK); k – thermal conductivity (J/m^2Ks^0.5)

Contact factor (or thermal penetration coefficient) (Fc)

ckFc =

Touch wood or touch ice ?

 -- wet in winter is dangerous

Ice 2.042.112.2

air 0.024

water 0.54 4.20

1.01

1.51

0.0056



Thermal Insulation Performance 

of Textile Materials

Materials Density 

(Kg/m3) 

Thermal Conductivity

(W/m*K) 

Source of 

data

Nylon 6 

fibre
1140

0.25 Morton and 

Hearle[i] 

PET fibre 1390 0.14

PP fibre 910 0.12

PE fibre 920 0.34

PVC fibre 1360 0.16

Silk pad 500 0.05

Cotton pad 500 0.071

Wool pad 500 0.054

Silver 406 Kreider[ii]

Air (250C)  1.29 0.024

Water 1000 0.58

Hairfelt 100 0.05

Wool felt 300 0.071

Loose Wool 100 0.03

Wool felt 320 0.047 ASHRAE[iii]

Wool keratin 1300 0.20 Baxter[iv]

Thermal resistance 
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Lightweight 

duvet:
4.5 tog

Mid weight 

duvet:

9.0-10.5 

tog

Winter 

duvet:

12-13.5 

tog



Air, Air, Still Air !!
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Playing with Air (1)
--- High Loft Nonwovens

Moorer WRIGHT-C  

£20,550

Kapok

Wool is special !



Playing with Air (2)

Eider, Goose & Duck Down ?

Moorer WRIGHT-C  

£20,550



Playing with Air (3)
--- Kapok Fibre

Kapok

Natural hollow fibres

70–80% of air;

Density of cell wall: 1.474 g/cm3;

Density of fibre: 0.384 g/cm3



Play with air (4) 

-- Hollow fibres learnt from nature

PrimaLoft,  Thermolite



Fibre composition and structures: 

(diameter, cross-section, surface 
morphology, surface energy, 
hydrophobic/ hydrophilic, etc)

More engineered fibres available, 

could they be intelligent ?

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.itextiles.com/v30/itext/html/ovw_1_4000.shtml&ei=fac9VLz3Ds7KaIGEgLAN&bvm=bv.77412846,d.d2s&psig=AFQjCNHEDh7NnnVlxf0wAtg-5EvoYZTpBw&ust=1413413013998964


Playing with Air (5)
---- Intelligent Insulation

Moorer WRIGHT-C  

£20,550



Better than Air
– Aerogel materials

Too Fragile

Health and Safety ??

➢ 99% air;

➢ Thermal conductivity: as low 

as 0.014 - 0.017;



Playing with Exothermic Heat

--- Smart yarn structure in HEATTECH

Kapok

Uniqlo



Playing with Latent Heat
--- Phase Change Materials (PCM)



Celliant from Kelheim: Mineral 

particles embedded in viscose 

fibres to capture and convert 

body heat into infrared

Playing with Infra Red
-- Reflection and Absorption

Carbon Black: Absorption of infrared and 
convert it into heat ??

Aluminum foil REFLECTs 95% 

of infrared rays



Grading of  Fabric Breathability

Water-vapour resistance, Ret(m
2PaW

-1) Ref: Hohenstein 

High vapour concentration
Vapour absorbed 

on the surface

Diffusion 

process

Vapour desorbed  in low 

vapour concentration



Q & A

Can we biomimic the unique performance of natural materials ?

Can we make PPE a smart system, no matter  proactive, active 

or passive?

Prof. Ningtao Mao

Email: n.mao@leeds.ac.uk

Tel: 0113 343 3792

Office: CWS Link Building 1.34
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