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Fig. 1. Dry jet—wet spinning.
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Table 1. Mechanical Properties of Selected Fibers
. Tensile Tensile Elongation at .
Property/Fiber Strength (MPa)  Modulus (MPa) Break(%) Density(g/cc)
Teijin HM-50 3033 73,800 4.2 1.39
DuPont Kevlar® 29 2758 62,000 4.0 1.44
DuPont Kevlar® 49 2758 124,100 2.5 1.44
Akzo Twaron 2800 80,000 33 1.44
Akzo Twaron HM 2800 125,000 2.0 1.45
High tensile Graphite 3033 225,100 1.3 1.80
E-Type Glass 2413 68,950 35 2.54
Stainless Steel 1724 200,000 2.0 7.86
Table 2. Environmental Stability of Aramids
Retention of Strength(%)
Chemicals Conc.(wt. %) Temperature(C) time(hrs) Kevlar 29 Kevlar 49
' Twaron Twaron HM
Acetic 99.7 21 100 100
Hydrochloric 37 21 100 10 36
Hydrofluoric 48 21 100 88 94
Nitric 70 21 100 13 18
Sulfuric 96 21 100 0 0
Formic 90 21 100 90
Bases
Ammonium Hydroxide 28 21 1000 92
Sodium Hydroxide 40 21 100 97
Solvents
Acetone 100 21 1000 100
Carbon Tetrachloride 5 21 1000 100
Benzene 21 1000 100
Other Chemicals
Gasoline 21 1000 100
Salt Water 21 100 99.5
Mg Aseld, Fig. 3¢ 0% T4 waAdE & BAE dast) A9 A% 23 29 4o
o wIBREAES AAEh 2E Aol Slo] of ARfE st WS AHEE g ats §
hls e asle thafel A A5l $5 MR olehls Age dEds % A A
A AR & S At o171 a3to] Bz A=A, 579} oletulT 44 A
olg} 22 olgtu|n Af= 71AH F4°] ¢t H o] Epsle] BgAse] JNAH EA At
of AHARA T o4t 2 W, 2o 4E BE,  Adsbh s7se] Avh meby A okl
% wetting 4] £, % A9 AL AT A4 s wbgoze A% FUe Sehav) of
Sleh. e FEAEE FEUF Al o3 A el &) D513 AFA weshe Wyl A
Ho2 3% wFe Aol oA FEHSI dE T Qleh ol EA] $A]9}e] H4A] dubHo g o}
olch. A4 weilingdel 4L olul= HfEWe  oulT HEE R AT oW Sehxul oF
£ Al AT Ao Afsh lEda A BE ALEsn dlon, ofu EHRZAL S0watt
o wetting o] e ol AZY TiA AP 2el4 o 602 AEITHI9L olo Be wpge
89 7|AA 7= Aste] aqle] =A o} o9} 2 ofgbul= A Fdd olulr|E AY LA o F
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Fig. 2. Stress—strain curves for selected fibers.
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Table 3. Tensile Strength of PP/Kevlar Composite

plasma treatment

tensile strength

time(min) (MN/m?)
0 15.52
1 16.55
3 21.79
5 19.93

Tsteh AM4d A3,

1993
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Fig. 3. Specific tensile properties of selected rein-

forcing fibers.
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Table 4. Major Markets for Aramid Fibers

o
o
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Automotive Tires Asbestos—Replacement Aramid Composites ~ Snowmobile
+ Auto » Brake Linings » Motorcycle Tracks
« Truck « Clutch Facings Drive Belts
» Off-Road + Body Panels for
Vehicles Race Cars
Composite Sports
Construction Marine Equipment Fabrics
« Submarine Hulls « Skis « Tarpaulins
» Marine Rope » Golf Clubs « 01l Spill Recovery Booms
« Canoe, Kayaks » Tennis Rackets « Bullet Proof Vests
» Sonar Tow Cables + Snowmobile Bodies + Protective Gloves and Clothes
+ Subsea Mooring Lines » Fishing Rods (Cut—, Chemical and Heat-Resistant)
+ Cable : Electrical, Mooring Line and
Fiber Optic
+ Parachute Components
+ Air Supported Shelter Fabrics
» Military Helmets
Aircraft Exterior Interior Space
+ Access Panels « Floors * Pressure Vessels
+ Radomes + Partitions + Filaments
» Helicopter Blades « Cargo Liner Panels » Rocket Engine Casings
» Propellers
A4 3%, Wegde o)HE 1F 9 FEF petrochemicalAte] Tekmilon T “F<ists o] A4t
o4 4 Sk Auseldlth okehls A sz A Adeldh wAE/1dE eld=d 4
198536 25009 gt ATy}l AARCEZE ARSH = 1E213E9] high density polyethylene(HDPE)
oFed, F2 253, FHAR, FFET o] 45 £ &5 oltolA dAlste AxstA =, Az
sAct[18]. Table 4= o}ebvl= Af7} A iAo Zlol 2l chain extension®} ZAA 3% Y dAlgo]
2 o)g51 ot 2ok AN 9 A930l, oo B2 7)AT TAo] Aol
AAEL FHE Af9 A Ee AAAHoR o3
3. 1Zk EC|EH M7 FA Hed, old wet 13x AFE Axdr] §
AN & A4g0] 75A ek,

1986712 7tx 4 &tAE 2Yol|A] ofglnjr A Fig. 4= HDPE?] A4 =tAE7 d4E& AtolY
55} mgs}~ B8 B A B A AAE D gk D0A0E B 10
t}. ey} v)= Allied-Signal A}l 4] Spectra 9009] ut o]Ate] HDPES] #A$ od4lu]: 5:1 HZo|n

L AEoe] g Zeddd Aes ALEe] A7}E ARe AXE felAe 50:1~70:1 Ae
AEHECEN 1}E U T E Aol A ofln) 9 Ailgo] a7Fo A & AAES d7)9H)
= Alwet AAAAN EdsA =i 20-28]. @ £71t entanglementE FojF-olo} 3lu, o] 5 $j4)
75 el " A 1960 Fub7] o] F AY HDPEE &vlje] 5ol & Loislo) A wWalshA ==
AFog uRzteke] ZeajodalS gel spinning H o], o]t entanglement® FHHO R YELE o
el o3 & WIS FEgoss 53 4 A FEE A 7 Aok olF ¢l s
& e §7) AFAAFARE AEstgen, 19809 PE 44 Az 34 27 42 2 uS A1)
o k7)) /‘L°43"—}°ﬂ AEst7)o |23} 32-40]. 2 2o, Allied SignalAl= paraffin oilg A}-4-3}
e st DSMALY Dyneemas} U Mitsui o, Mitsui+ paraffin waxZ Al4dhcly B3 g2
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Table 5. Selected Mechanical Properties of PE and Other Fibers

R

Fiber Tensile Strength(MPa) Tensile Modulus(MPa) Elongation to Break(%) Density(g/cc)
Allied Spectra 900 2585 117,200 3.5 0.97
Allied Spectra 1000 3000 172,375 2.7 0.97
Tekmilon PE 3500 100,000 4 0.96
Aramid LM 2760 62,000 4.0 1.44
Aramid HM 2760 124,000 2.5 1.44
HM Graphite 2410 379,225 0.6 1.81
HT Graphite 3033 225,100 1.2 1.81
S-Glass 4585 90,000 2.75 2.50
10° 5-10% HDPE
_— Polymer solution
/ Metering pump
g Spinneret
3110t
E 4
=l
§ /()
Quenching/extraction bath 10ven HDPE
Fig. 5. Process to produce hith modulus fibers from
1 0 10 20 30 10 low entanglement gels.

Draw ratio

Fig. 4. Comparison of draw ratio to tesile modulus
for HDPE.
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Table 6. 0,,/C,, Area Ratios with Plasma Treating
Time

treatment time(min) 0,,/C,, area ratio( %)

1.0 3.2
3.0 5.8
5.0 8.1
7.5 10.9
10.0 12.5
12.5 14.5
15.0 16.8

Plasma device : Model PD-2(SAMCO)
Carrier gas : O

Generator power ; 100watt
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Fig. 6. Intrerlaminar shear strength of plasma and
plasma/silane treated PE fiber composite as
a function of plasma treatment time.
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B) Plasma treated PE fiber composite
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Table 7. Comparison of Mechanical Properties of

PBT with Other Fibers
Tensile  Tensile Elongation Densit
Strength Modulus at Break ( /cc;
(MPa) (MPa) (%) °©
Heat Treated 4185 331,000 14 1.58
PBT
S-2 Glass 4585 90,000 4 2.49
HM Graphite 2410 379,000 0.6 1.81
14
12 = PBT
10 a PE
Aramids
| ] .
i I = HT Graphite - ™ HM Graphite
6
4 m 'E’Glass
l w Boron
2 m Steel
0
0 200 400 600 800 1000 1200

Specific modulus (10%ns)

Fig. 7. Specific tensile properties of selected fiber.
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5. Flexible Chain Polymer Fibers
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