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24e /AR g3t a3E Egol
o)¢} &) £33 chain extention® chain

B4 48 +

A HF
wal A
orientationg ZEE dl= AZWE S
3 B4 Z=E Ao

A
o
[o]
(=NIN

We Belolgdel 49 Bxgel BE sUelA £
el vls) 2nEAE Bolgdd A¢ BAgel 1
~5ueh ol Zupa SuldRds Bt 2%

3z @ Aol S =t
Chain orientatione F%3}7] -‘?-]'H LG9 AF(melt

spinning) ¢} A4l(drawing) & AH&E F lout e
1.8-9] A}&97 (chain entanglement) 0.2 Q1& A&2t
IS
j=ar=1

2o 1% Zgloga (HDPE)ol7t #8715 35
Qe SASE 50 GPaX 7t Aotk

AugAds BeoEdelde 97 BEn TRAE

0 Col A decalino|u} paraffin oilo] 5~10 wt% 4%
Z =9 ozx Y 47} Ed ©|& HDPEY %53

olstz WzA71H disentangled state’} f-AIEO] U=
porous crystallized gelo] #AFT} o] gel& WALE X2
AAGHE o1& 7t ¢ 3 GPa, g4l ge] oF 170 GPa
QMR 2e + Aok 27 10 A WAl 9@ 1%
E EPdgd A4 Ax3ES JeidS-

A7 APdAe g ABET Y 1T g A
Sol= ]2 Allied-SignalAl®] Spectra fiber, EA=
DSMA}9) Petrochemical A}2]
Tekmilon $0]™ Spectra®} Dyneemat gel spinning
IS B3] A4k AL itk

-

Dyneema, CIRCE

2. D Eejol|g Ml Hek 24

de] A EHE AREY 244

E 19 FEAz 73

5-10% HDPE
Polymer solution

Metering pump

Spinneret

|

\ |

Quenching/extraction bath Oven HDPE

a8l 1. 2 Akl g 24 ZedEd df AT
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271 AA = ot 3 Fgd A/ B 7J
=9} BgAdNA B the ARl nlsiA 453 ¢
& 2AS HolR= Tty Uk, v BErl v “H
Boll mAEs} vgggHolME 71EY o= BIAE
RojZx] B3 943 EA4L Uehln k. olE Z B
o2 Aol &l 220 agw Folgd ARzt v
=9} HlErASEd A M S8 RS ¢ & A
%! 33} 49) Spectra flber.—] B e AEY 2=
o] we wsle Yehidtt. 2uExkg Eejdgde &
AR 0]7] WEe] %7t Z71shH B e
1 Aagch. 18 304 29 Spectra 10009 7-¢- o
100 colste] €5 Keviar fiberol] vlal 93%

ol

ModulusStrength[Elongation| Density

1 P
Fiber roducer (GPa) | (GPa) | (%) (g/em®)
Spectra 900 Allied 119 2.6 35 0.97
Spectra 1000]  Allied 175 3.0 2.7 0.97
UHMPH Dyneema DME/{’LI’oyobo 50-125| .2-35 3-6 0.97
Tekmilon | o |60-100|15-35| 3-6 | 096
petrochem.
Carbon
390 2.6 0.6 1.
HM 86
Aramid| 130 2.8 2.5 144
S-glass 51 4.6 5.4 249
0 SPECTRA™ 1000
— .
<
~
X 30k ® SPECTRA™ 900
'g:c Aramids
o ° [ [ )
{% 20+ ‘S’ Glass ® HT Graphite
()]
E . .
& 10k @ °E'Glass Boron HM Graphite
® Steel
0

L L J N i —
500 1000 1500 2000 2500 3000
Tensile Modulus, (g/d)

a3 2. Fskdfe vigEs vey e

40 ¢
35
30
25
20
15 -
10r
5
0 1 L L L !

25 50 75 100 125 150
Temperature('C)

38 3. 250 wE 17T ZElgd AR FEEs.

SPECTRAT™1000

— — g —— > ———-KEVLAR

Tenacity (g/d)

SPECTRA™ 900
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£7 $450) 2 ol4e] REelAE 1 olse ARRE
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90 Colde] 2ol BAT slEE e £52s A}
£ <7} gtk

Iy, B2 24 B2 ATHESt slEd we §
O] 222 YZAEAN S F ol Yl 48 A
3] B EScE. 3] 59 60 204 annealingA|3)
F LR YANZE W A= B8 B JxE
YUelACt. Spectra fibere] 79 AAswr 371 w
Foll meltingo] Yojx) g ¥ 2oz Yzhi) 9
o FZE IEI}ER A A9l EHAE UERY
£ Zeltt. a4 BE 125 Colde 252 A
o Bggo] Bo]l 333%] T AL B+ 9
=Hl ol melting pointZ*]2] &%oA] extended
chain®] H7}3H o502 Qe Fzye] Belo] B

NEXNEtn Il A 7HE 15 19964 29

1000 [
800 p N
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(=}
=
400
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] 1 1 J
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Temperature( C)

a8l 6. 2% YA ni e ZEloedl AR el g
( & denotes property after boiling water treatment).

25
e 20 - SPECTRA™ goo
«©
£ 151
“
%10
s L SPECTRAT™

1000
0 — {{ Il ]
0 11 125 135 145

Temperature( C)

ag 7. &l Whe ude Eedgd At S5

71s81407) weoltt,

a7l 70 xel We $RHES Yehiglen 130
colatel LxolAE T ergEe
22 1A AZTHLES BB 4 U
Al fabric setting %= 130~140 Co)1l ¢}
FAE AZLEE 130 € olslolt}.

E2&H9 AR A sEE %
AeQPgAel BFE o] HAW EAloITh Spectra
fibere] 9% aramid fiberol} B}S}H creep proper-
ties7} AJs] Wojkith. 8 8o o x] el Mg
creep data§ VEMISITE. THeF creep FAS QIR o
= 2 gBobd) Spectra fiberZ A5l mAF b car-
bon fibert} Kevlar fibere} 22 otz HH9lo] o|2E
A 5 3] (hybridization)ol] 2|3 creep propertiesZ 7}

4g vt
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E 2. 2] 744 seletgel wE ¥ 4w BeoRd A okt

3r
@ AE 4fe) BE 7
< Fiber 900 % Strength Retention 6 Months
~ Agent ® —
a 2 Spectra Aramid
i / 10% Detergent 100 100
Fiber 1000 Hydraulic Fuid 100 100
1k Sea Water 100 100
- Distilled Water 100 100
Kerosene 100 100
Gasoline 100 93
I —_—— 1M Hydrochloric Acid 100 10
16 30 070 % Glacial Acetic 100 82
12 = (b 5M Sodium Hydroxide 100 42
Fiber 900 Ammonium Hydroxide 100 70
- 10 + Perchlorethylene 100 75
g\t Hypophosphite Sol'n 100 79
a 8 = Clorox 91 0
i ] Fiber 1000 Toluene 100 72
4 E 3. 2% Zejeldd 4ol gud
2 Advantages Disadvantages
Modulus Temperature limit
0 Strength Creep
Density . Adhesion
100 — Abrasion resistance :
(c) Fiber 900 Impact resistance
80 + Electric properties
o~ Moisture insensitivity :
§ 60 1= Chemical resistance '
g Developmental Fibers vy reSiSvmnce ‘
I 20 k- Flex life ‘
20 Fiber 100 32 17&-1?— %aﬂ]‘éeﬂ ﬁ%p’] /—s)}'\_.;g% T2
aramid fiber$}o] v & 9IFZ 243 oz Alge
0 =7 Alere wx e Fopoll i creep}
&

o 9
0 16 32 48 64 . - i -
adhesion 7fAgH o} 48 &2ME FAHAY

Time (hr) =
a8l 8. TRE Egogsl dael ZEE 1 (a) 4L, 10% aF5(3-
4g/d) ; (b) A&, 30% &h=(9-12g/d) ; (¢) L& (160°F, 3.2g/d).
4. Al e oS 3t THHES Y

ArlaAd FAYANE ESia vy & 2 &
8| Ho AL e 24F Sulfol gk Ujg sl ERA B Ao} ESH - £3] B3] @Al F83%
ofF Fdirh. g S8t EA 2 2% methylene unit Aol ZeY X7k AWAREIN P = %Eloﬂ‘
9 & v JheEsivbed 2R TR <l gl dfe] A FHUA7 @il ZHe] JstHe g
A tlLr) s KTh. E 20 Spectra fiber$} aramid inertsl A lE&R X x]9e] AlHo] FHekdlrte TS
fibere] A5 2] AEE HEMIRA 7EX 2 ek, ol TS Bslrl fEiAM AR B

ulR %4 (Abrasion resistance) & @e £%o] Q) w2 vho] Ll xo] gt
ol 23 9lzjojtt. Specira fibero] 7§ wiE A3 Ward9} 719] 555 oaiA PR 2712 A7
Aol wig S YutH o g vl AP Aol g = 2 AR Zelolgdl g o]-83% melt-spun fiber
4go] #ATFE FUEle AR A dou £ ol &3le] M=t a2y @3 AdHEoR AlEE
Spectra fiber®] 7% oiel= Awh) FAS YERAH I 9% Dyneemal} Spectra fibere AL:= 278
o]i= vpEA 4= (friction coefficient)7} u)$- ¥7] wjFo] A4gg 7R Zelogdl & gel-spinning@ o 24 A3
o} Pom 2ol e o] 4RES 7R dsle Aol
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ARk o|t}.

tRRe] A7 AR B HE dFS 7AX
9= gas phase plasma treatmentE W&o g 4§
3 en, I gz Fi F& o] &% AAA, &
Fx)2e] AEE A coatingA] deposition T
HEo| o] &5 1 Yrt.

Ward 52 o=i7kA] $79 145 Edddd AR
o stAETAntE Xt AFAE resino® o] &5}
o ARZAYHE S X&) BY=u melt spinning fiber
o] B]5}] gel spinning fiber7} U] B& AAZATH S
H9om o]= gel spinning fibere] A7Ao] | =7} uwj
7ol Aoz AFAC} EF Spectra fiberE AtaEe}
=ul2 A2JA] o ZAjele] HEZLL 8~11°l4 3~5°
2 A4S RYoy ARAFEe] RSN V)
3l Aol old= F43H. ol 52 AWEYH &
=2 weak boundary layere] #|Ao)| 71QE& F23)
o Spectra fibero] ¢ THA] crosslinking®™ H|
23 gol dojd& Byt

Kaplan $-& Spectra 9003} amine cured epoxyZ

pran

H1

unidirectional®} woven fabric compositeE #|ZFr}.
Yarn& continuous plasma system &2 =0
Zrlae AAgon £82 350 Wolst2 {8ttt
Unidirectional composite?] 79 ILSS7F  8ofiA]
31 MPa2 Z=7}5}19™, woven fabric composite?]
A9 5.6 MPaollA] 13-15MPa2 Z7}sisich. o] A<
A QAREE 10% HE SAROM, Ay
£& Z7}3l1 elongation at breaky ZAsle Ao
2Rtk 8489 == FHolA crosslinkingo] &
oji}y] WEQ Aoz MYt w3 plasma treated
fibere] HWE FT-IRZ 243 ZE3} H{3¥ol ke
tones, ethers, esters®} secondary alcohols7} A37]m
oA ZAoke] WEAl alcohole] ol FadHE AL B
o BB e dAYZe] AN BT etheri-

fication& 2% gsbado] dojdtis A2 dtydoez
S glrk. e o] FFeE tha A7 Qe
hydroxyl group®] epoxy ring3t ®IS3E= AL

hydroxyl group®] 43 FAle] 3709 hydroxyl
group®] A7|H EF} autocatalytic ¥Fg-o] 7A-$ wig9)
B3} FAlol hydroxyl group®] Hrieke F71shof g

= A7t glod, ulgbA] plasma treated 73 E E
Zolgal 479 epoxysiel ol tig HHAY 27
£ ole gl Attt

Holmes$®} Schwartzi= oxidizing plasma”} obd am-
monia plasmaZ A}ESle] polyethylene surfaced
amminationA]Z =d] &88 50~150 W= HEA|AH7}
o 1~1087 HIHct. ABAle] tha AT Hrle
T-peel testoll ejdte] S|F =0l o] BH.-& fabrice] 7]

DEXTED Tl A 7A 13 19963 29

s}e14 mopo) P W] WEol 1 Avhe PYHoR

ot ARgsfof 3t olge AEH AL F= A
Aol A7)0l RoZ Bttt
a7ZE Eo gl A9 79 longitudinal tensile

!

strength7} 2.3 GPagl 7§ 1&da)A] transverse ten-
sile strengthE A4k ¥ ok 20 MPaX =7} &0},
gor  chainZ7te] entanglement’} QITt}H  transverse
properties= dispersion forceol| 2JsiA AA=HA Ho}.
Bond energy& 7HX|1 AlXIE|ECHH fiber?] trans-
verse tensile strength® F718 AEQ] AlHAFTH.C
FEY 4 o2& Spectra fiberd] Z RO} G & -
o B4 7 E daliMe HAREHY 848 S
e AYWHEOE A79  transverse tensile
strengthE F7HA & 7 UAe ALY gl ¢
& F83%tta &+ o

2o FENEATTL AEAFR) 52 BEE
TEE olF7] a4l At AT unsaturated
polyestert} vinyl ester resinito] ZAJ=HFALS 3
ATE Eus) JP= AN gtor WURtEYES Fuigist
7] 18k 2ot AFelAE FRUe] olgZR e A%
Hakgo] A F83 ATEoleln}.

Ladizesky®} Ward: AtAZelznlE x2]3 melt
spun fibere] 73-9- styrene crosslinking polyester
resin?}o] AlH A o] o FA]9] H9-9F Aol W} ¢l
= AL H3on, o]ZXE micropittingel] 23t me-
chanical interlocking & AHZAE=GFA A FF 7)o
A& FAT.

oA 17E Eogd 489} matrix resinZhY]
ARAEE S SIA77] S1F A=7ix] e AT
=t 7 e AREshe el EebAn) AEY S &
T AR AG7RS] FHRELTE ring opening
reactione]] Q&4 FFo]E = epoxy resing FAHoE
YAHYPA L o] ol o]FAF ] Er|ZuELel 234
7Z3NEgo] A== BX 8 ZEloAHE, vdoAH 2
59 s A7E S #e A7 H3 s
A=A k.

EWhEe) 72 BES Afe Bl u)
t A7)

TS B ARAAY BEGAEE HLgor &
oM A I} transverse strengthE Z7IA|7]H YUste
28718 H-s =Yt shz Aelth.

5. W3
ol = EEU AR AYatelr mHE
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