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Figure 1. Protective clothing market volume forecast.
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Sector 2001 2004 2005 2010 AAGR% 2005~2010
Armor 135 279 356 628 120
Fire protection 331 406 429 606 72
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Total 1,621 2,112 2,297 3,352 79

* BCC report, 2005
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Table 3. Typical properties of textile materials for protective clothing{8]
. . Elongation Max.
Fibers Creep Strength | Modulus Density | Moisture at break | usage T Remarks
%llog t GPa GPa g/em3 % % c
UHMPE Susceptible; Excellent Very Low dynamic
Low toughness
Spectra (1000) creeps 3 171 97 27,33 100
Spectra (2000) 325 116 97 29 (probably hard
splice)
LCP (6) Zero Excellent High |good flex fatigue
Vectran 0.00 32 [ 91 147 0.1 33 150 easy to splice
Aramid Negligible | Excellent Excellent
Kevlar (49) 0016 29 135 145 34 28 250
Twaron (2200) 30 110
Technora 33 70 139 43 250
PBO Negligible|  Best Best Poor UV
Zylon Steel 7.6 150 7.8 48 500
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Fiber property Nomex 450 | Conex
Fiber denier 1.5 20
Density, g/cm® 137 1.38
Tenacity, g/denier 29 50-5.5
Elongation at break, % 22 35-45
Moisture content, % 45 5-55
Limiting oxygen index (LOI) 28 29-32
Thermal conductivity, 023
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Figure 5. Chemical structure, logo and products of PBI.
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Figure 6. Chemical Structure and cross-section of Basofil.

Table 5. Typical properties of Basofil

Fiber property Basofil

Fiber denier 2.5, variable

Staple length 2 inch, variable

Density 14 g/em?
Tenacity 2.0 g/denier
Elongation at break 18%
Moisture regain, (23°C, 65% RH) 5%
Limited oxygen index (LOI) 32

Hot air shrinkage, (200C, 1 hr) <1%

324. 2379 A%

Wz} A-f{Figure 6)= BASFol ¢Ja] A}2-3} 5
Ao Basofilo]gt AFFHO & Huje Y gt} 4
g W2l FoAE EELUE =Y EHES

Table 6. Properties of PBO fibers
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3.2.5. Z3 4l 28 A}Z(polybenzoxazole, PBO) A &

ZEHIRSALE GA] g e] 58 2= A
2 19914 Dow Chemical#} Toyobo7} 2502
W8kl v} 98'd Dow chemical > AMg 243}
At Toyobo7} 983 200&/3d T+ EZ A= Zylon
02 A A3l 19999l E oF 18022 A
Avste] YAF 7HE $100~200/kgel el stdct PBO
o] A A& Table 6914 & =+ Utk A< vie}

Regular High Modulus
Type AS AM
Filament linear density dtex 1.7 1.7
Density g/em® 1.54 1.56
Moisture regain (65% RH) % 20 0.6
cN/dtex 37 37
Tensile strength GPa 58 58
KSI 840 840
cN/dtex 1150 1720
Tensile modulus GPa 180 270
MSI 26 39
Elongation at break % 35 25
Melting temperature T none none
Decomposition temperature in air C 650 650
Coefficient of thermal expansion pp/C -6
Limiting oxygen index 68 68
Dielectric constant at 100kHz 30
Dissipation factor 0.001
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Figure 8. Chemical structure of PPS, fiber cross-section and products.
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Table 7. Comparison of the properties of thermally resistant fibers

m-aramid | p-aramid PBO PBI Basofil PI PPS PTFE
Tenacity(g/d) 29~72 22~26 42 2.7 20 42 3.5~45 2
Modulus(g/d) 140 460~1100 {1300~2000 32 - - - 13
Elongation(%) 22~45 24~44 3.5 29 18 30 32~49 25
Continuous operating| 190 | 288~315 | 250 204 260 260 260
temp.(C)
LOI(%) 28~32 25~28 68 41 32 38 34 95
. . Mild- Mild- Mild- Good- Mild- Very
Chemical resistance Good Good Good Excellent Good Good Good Excellent

(£A]: Industrial Textile Association '99.9)
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Level Types of PPE Uses
—Vapor protective suit
A —Totally encapsulating chemical protective suit —Highest level of dermal, respirator protection

—Self-contained breathing apparatus
~Chemical resistant gloves/boots

—Unknown situations

—Chemically resistant liquid splash suit
B —Self-contained breathing apparatus
—Chemical resistant gloves/boots

—High respirator hazards
—Low skin hazards

—Chemically resistant splash suit
C - Air-purifying respirator
—Chemical resistant gloves/boots

—Low respirator
—skin hazards

—Coveralls, hardhat, safety glasses
—Optional gloves/footwear

—No contaminants expected
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Table 9. Materials used in chemical/biological protective clothing and their application area

Material Type of material Application
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Figure 11. Application of shear thickening fluid to bullet/stab proof vest.
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Figure 12. Application of impact protection plastic material in sportswear.
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Figure 13. Magnetorheological fluid in the absence and presence of a magnetic field.
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