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Hazards and Protection UNIVERSITY OF LEEDS

1. Cold: 1. Thermal insulation;
2. Heat: 2. Cooling effect;

3. Wind; 3. Windproof;

4. Rain/Sea/Liquids; 4. Water/Liquid proof;
5. CBR (Chemical, 5. CBR (Chemicals,

Biological and Biological and
Radiation hazards) Radiations) barriers

6. Fire/High temperature; 6. Fire/heat resistance;

7. Bullet/Knife/Projectile; 7. Ballistic/stab resistance;
8. UV: 8. UV proof;

9. Others 9. Others



Personal Protective Equipment i
(PPE) Is a System i

UNIVERSITY OF LEEDS
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Industrial PPE

PPE for Cold Weather
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Performances of PPE

1. Protection

2. Comfort

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

3. Mobility

European (EU) Regulation 2016/425 and the PPE 2018 Regulations (Sl 2018
No. 390)

USA Occupational Safety and Health Administration (OSHA): 29 CFR
1910.132



Achieving Protection and Comfort in PPE

(examples of CBRN) UNIVERSITY OF LEEDS

Air Vapors Air Vapors Air  Vapors Air Vapors
Liquids | Aerosols| Liquids | Aerosols | Liquids| Aerosols | Liquids| Aerosols New,
o e A T
: Senl\iperlmeable SelectMy permeable Impermeable ;-,’. '
I Sorl ve materal ;j
Ay o ey e >

s s s ()

LP: Low hydrostatic pressure  HP: High hydrostatic pressure

TORAYDELFY 10000mm

Waterproofness: Wind ] Rain
5,000mmH20 and up ‘ R~

Moisture Permeability: O T

10,000g/m?/ 24 hrs. and up*
Water Repellency:
80 points or higher
(after 20 wash cycles)

*B-1 inverted cup method

(JIS L1099 B-1) 7__‘—“‘7A5L;ni‘i‘v‘77 vapor

http://mww2.dupont.com/Protective_Clothing_Tyvek/en_GB/chemical_protection.html



Materials for Firefighter’s Clothing

UNIVERSITY OF LEED

Destructive Tests

Ensemble Elements
Tested

Ensemble temperature measurements

All elements

Thermogravimetric Analysis

All elements

ASTM F 903: Standard Test Method for Resistance of
Protective Clothing Materals to Penetration by Liquids®
[35]

Moisture Barrier

ASTM F 1060: Standard Test Method for Thermal Protective | Thermal Liner
Performance of Materials for Protective Clothing for Hot
Surface Contact [36]

ASTM D 5034: Standard Test Method for Breaking Force Outer shell

and Elongation of Textile Fabrics (Grab Test) [37]

ASTM D 5733: Standard Test Method for Tearing Strength of
Nonwoven Fabrics by the Trapezoid Procedure [38]

Moisture Barrier,
Thermal Liner

Non-Destructive Tests

Ensemble Elements
Tested

Optical Microscopy Outer shell
Raman Spectroscopy Outer shell
Digital Image Analysis Outer shell
Colorimetry Outer shell

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;

4— Outer shell
4— Moisture barrier

‘ ‘ Thermal liner



Fabrics Engineered for Protection

and Comfort

- Permeable textiles

¢————» Cotton non-woven

& ———» Activated carbon
&————» Cotton non-woven

——— Cotton Fabric

- Semipermeable films
(Gore-tex & monolithic PU film)

- Impermeable films spocapoyorens @Y
~ EVOH W '
Special polyethylene \ -

Special polyethylene non-wover g

- Clothing design 3, Durably Sealed S———
3 Seams for ~ h
- Par am O Waterpl'OOf : - ——t—— |nner Liner Fabnc ii
xugh’ J Garments / < <~ :
WASSERDAMPFDURCHGANGS- Kiaste 3 / A CROSSTECH® ]
-Seam seals - i)/ e i
e -



Case Studies:

Engineering Workwear for Cold Weather | cceiry of Leep

The minimum temperature is either at > appropriate PPE,
least 16°C, or 13°C for work involving » more frequent rest breaks,

rigorous physical effort. » delay work until warmer time;

(for indoor working environment) (for outdoor working environment)

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



How cold iIs cold ? and
What do we wear In winter ? UNIVERSITY OF LEEDS

WIND CHILL TEMPERATURE INDEX

Frostbite Times are for Exposed Facial Skin

Air Temperature (°C)

DRESSING FOR COLD WEATHER oo ...l.l....

9news.com

I I 5 a7

o werneme cowo | R R
Warm hat Warm hat/hood - - - = - — = o
Face mask QD -m s 49 36
| ST, EXENENEREN RN« o ¢
12 ayers Y MR [ 30 | o | 6 | 1w | 0| 2 | s | e RECREE
Gows TS Outer layer “--ﬂ L
’\— m-n B 5

Boots

Outer layer

Keep out
wind & rain

-59 -65 -T2

-60 -66 -73
-61
-62

W, h
e Soe Boots -55

Water proof r._ oy
. Water proof Water proof
-56

-57
-57
-58

-63
-63
-64
-65
-58
-59

-65
-66

-60 -67

FROSTBITE GUIDE
Increasing risk of frostbite for most people in 10 to 30 minutes of exposure
High risk for most people in 5 to 10 minutes of exposure
High risk for most people in 2 fo 5 minutes of exposure
High risk for most people in 2 minutes of exposure or less



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 permeabillity

WHICH ONE?




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

¥ l'"o‘i‘i
/...0000015 .
Y ) m y e =
| —— OOONH ; :

Up To 5,000mm: Light Rain
5,000mm - 10,000mm:  Average to Heavy Rain &8
10,000mm & Above: Very Heavy Rain |




Touch wood or touch ice ?

-- wet in winter is dangerous UNIVERSITY OF LEEDS

Contact factor (or thermal penetration coefficient) (F.)

F. =/ pck

p is the material density (kg/m?3), ¢ — specific heat .
capacity (J/kgK); k — thermal conductivity (J/m"2Ks"0.5’.

Thermal conductivity | Specific heat Contact factor
Maternial A c Fc
W/mK) (10°J kg K) | (10° J /% m?K)
Aluminium 180 0,90 21,2
Brasses 85,5 0,38 16,9
Steel 14,8 0,46 727
Concrete 243 0,92 2,35
Ice 2.2 2.11 2.04
water 0.54 4.20 1.51

air 0.024 1.01 0.0056



Thermal Insulation Performance
of Textile Materials

UNIVERSITY OF LEEDS

Thermal resistance

(m2KW-1)

R, (M’K/W) =

L(mm)*10~°

k(Wm™K™)

1 Tog = 0.1 m?KW-1

Lightweight
duvet:

Mid weight
duvet:

Winter
duvet:

4.5 tog

9.0-10.5
tog

12-13.5
tog

Materials  |Density  [Thermal Conductivity  [Source of
(Kg/m3)  (W/m*K) data

Nylon 6 0.25 Morton and

fibre4 sl Hearle

PET fibre# [1390 0.14

PP fibre* 010 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

Air (25°C)© [1.29 0.024

Water® 1000 0.58

Hairfelt 100 0.05

Wool felt® 300 0.071

LLoose Wool® {100 0.03

Wool felt 320 0.047 ASHRAE

\Wool keratin (1300 0.20 Baxter




Ailr, Air, Still Air

UNIVERSITY OF LEEDS

0.06

0.05

0.04 +

0.03

0.02

Thermal conductivity (W*m”(-1)*K*(-1))

0.01

(0] T T T T T
(0] 100 200 300 400 500 600

Fabric density (kg*m~(-3))




Playing with Air (1)

--- High Loft Nonwovens

(a)

Tvall  llayer | (multilayered)

Cuticle } Primary | Winding;  Secondary wall | Lumenl Lumen

Secondary
wall with
several
layors

Winding
Tayer
- i 5 Primary wall
. ' hous 4 (1st layer)
a b s W) ' Primary wall
| Waxes | p Crystalline celluiose | (2nd layer)
H 1 pectins, ' Cuticle
| hemicelluloses, !

B) ; _ -

- (b)
g \ = -~ Cuticle
h . i | Winding or
> | transition layer

P ET C.‘ - P E T pr’i:rrL\‘;I;iev?all Secondary

wall

| ,"‘

|

Wool is special !}

%
4
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Playing with Air (2)
Eider, Goose & Duck Down ? UNIVERSITY OF LEEDS

GAVRVA by 74 Vi Y
. ] \ V7 FRe s e i
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Vi fﬁﬁ. 1t u': AR
T T T A T ) N
(T i See

Moorer WRIGHT-C
£20,550




Playing with Air (3)
e KapOk Fibre UNIVERSITY OF LEE[;

Natural hollow fibres
70—-80% of alr;
Density of cell wall: 1.474 g/cm?3:

Density of fibre: 0.384 g/cm?



Play with air (4)
-- Hollow fibres learnt from nature UNIVERSITY OF LEEDS

TEMPERATURE
INCREASE

TEMPERATURE (°C) IN DIRECT SUNLIGHT

" !
g

THERMOLITE INFRARED CONTROL DIFFERENCE
INSULATION INSULATION

PrimalLoft, Thermolite




More engineered fibres available,

could they be intelligent ? UNIVERSITY.OF LEEDS

Fibre composition and structures:

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

600 ISLANDS-IN-THE- 16 SEGMENT PIE HOLLOW SEGMENTED PIE
SEA

TRILOBAL SHEATH/CORE 37 Islands-in-the-sea 64 ISLANDS-IN-THE-SEA


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 UNIVERSITY OF LEED

Ralph Lauren

AS TEMPERATURE RIS
" THE INSULATIONFLA




Better than Air

— Aerogel materials UNIVERSITY OF LEEDS

> 99% air;

» Thermal conductivity: as low
as 0.014 - 0.017;

Too Fragile
Health and Safety ??




Playing with Exothermic Heat

--- Smart yarn structure in HEATTECH

The technology behind HEATTECH

Heat generation Heat retention

When HEATTECH absorbs body moisture, the ””f::‘mT”:E'c':" "_*:-'ﬂ bo::::h
droplets actually generates heat gy ¥ moisture absorption.

Water vapor

Fabric

Air pocket

— Skin
Moisture control Odour control
HEATTECH quickly absorbs and diffuses A special antibacterial agent in HEATTECH
moisture. (Men ealy.) minimises odours.

Stretchable comfort

HEATTECH stretches to give you the perfect fit and exceptional comfort,
Milk protein

Rayon




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

Outlast Thermo-molecules as a Outlast Thermo-molecules
coating on textiles locked into the textile fiber

In order to incorporate PCM in a specific textile product, it
is first encapsulated.

140 85

B Latent heat N

120{—=— Crystallinity Lan
= 1001 TE)
-
filled | = 60/ 65 8
i i =
with C1s T 4. 606

55

MS surface
covered 0- 50

] Ciyin C,s in mesopores and |
with C1s Mmesopores external surfaces




Playing with Infra Red

o

-- Reflection and Absorption UNIVERSITY OF LEED

Aluminum foil REFLECTs 95%
of infrared rays

Celliant from Kelheim: Mineral

particles embedded in viscose

fibores to capture and convert e e

body heat into infrared 5 S S e
| el

A )
Body emits heat
Cells get more oxygen
sssssssssssss

.

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




Grading of Fabric Breathability

High vapour concentration

UNIVERSITY OF LEEDS

Water-vapor resistance, Ret (m” + Pa/W) Grade Classification
Water-vapor resistance, Ret <6 5 Excellent
6= Water-vapor resistance, Ret <13 4 Very Good
13 = Water-vapor resistance, Ret<27 3 Good
27= Water-vapor resistance, Ret< 40 2 Moderate
40= Water-vapor resistance, Ret< 50 1 Fair

Vapour absorbed

on the surface 1800

Diffusion

r

. process ool
HO0

i N— 1100 |

v v i v v 1000 F

Vapour desorbed in low

vapour concentration 800

& -
- a

500
400
300

L1}

Water Vapor Diffusion Resistance (s/m)
( Lower Resistance is More "Breathable" )

4 MOISTURE
{0.0004micran)

@ RAIM
{500 - 2000misran)

100
@

Water-vapour resistance, R (m2P_ W1)

1700 ¢
1600 ¢
1500 ¢
1400 ¢
1300 ¢

900 ¢

700 ¢
600 E

200 ¢

0
0

“Breathability” Comparison of Commercial Outerwear Shell Layers

Conduit

Sympatex Laminate

The North Face
"Hydroseal”

from Mountain Hardwear ©

(Burlington "XALT"
\d
Gore-Tex {Standa{\

=)

Schoeller WB-Formula
(Schoeller Textiles)

. x i
Membrain from \ ‘\\ -
Marmot —
— % \
E Enirant Dermizax — ———a g\" .
(Taray Industries) ™ ———u \ S
\ — "\ v x \ Omni-Tech "Titanium"
Gore-Tex XCR —__ b \\\ \ . «— Columbia Sportwear 3
A ¥ ‘\\ =
F Lowe Alpine —— = E\_X%\\EX \X
E Triplepoint Ceramic \-'\ ?%g o
X =
E Nextecfrom ___EI___E____EI:‘“:X_\\E:\%
ga:}igﬁnla[;vefmé - T~ ?f/ Entrant GlIl XT Laminate (Taray Industries)
choeller Dryskin Extreme S S i ; i
t (Schoeller Texiles) =+ % + $ EVENT Laminate (BHA Technologies)
] : g & ?12 o 2,:— Expanded PTFE Membrane
0.1 0.2 03 04 035 0.6 a7 0.8 0.9 1.0

Mean Relative Humidity (Average of Humidity on Both Sides of Sample) (1.0 =100% r.h.)
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UNIVERSITY OF LEEDS

Can we biomimic the unigue 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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