s | z

nZEM S| D8X}

Ultra-High Modulus/Strength Organic Polymers

x
rhu

nHA frlatals oAbk f ] ke
vk FEAo 2 Ao s uf 2} (extended chain
conformation) &) B-x} F 29} viEef A A Y
Tk 2] vldTE2E T )
T Z (fibrillar structure) & & A3k, 71414 4
el 2ol At
bl 54&
2 fr)mBafd e Folal LxlAgtAl ol

AR edeish w7 ool

A oz A4k

AaErd g = 20255
2 L

A gl Amjoleh e

. ot mgen E

ode
°
BAA A Ads AT

28 A48 4 olchd dbel ofe}v] = (aramid)
of zhe s Aol e Ak A

o
L
L3
i
=
=
pry
5
L
il
o
- O

1= 4
/cl 3«1] H Q 7} 73!0 ¢|.]_Q] Aé.?rxol—:r'—}_.é_ 83/(6]3]_:,7_

M
oF
&
Y

k!
Mz

N
N

para-oriented aromatic polw—
sape) ol B Bl Felshebul
Zobo|=, Felstebsl Yale|d 2ekobo] = £
ES
hal

Zelofu] 2|2t elshetalol EE

//
\\\

mi
rlo
oF
o3t

Polymer

Fiber

\ \

(Rigid)

{Flexible}

Fig. 1. Chain conformation-crystal formation
relationship of macromolecules.

R R

A iagdd

A 74 (Han Sik Yoon and Tae Won Son, Dept. of Poly-

mer Science Korea Advanced Institute of Science and Technology, Seoul 131, Korea)

Zo|f Al9H Al23% 19854 4Y

89



Al Wl Zolo] B, Felsteln A wale Zeleol &
T3 A WS Eeldad A nEAst o
FAQ Aoli L 9o ulskEZe|olZul, &

. ZE 2 SAE, Sejlz ol vl

N o
M
el

R

Li

e

—H

=z
=3
FEZ el S 4hefo}

F4E AUL gome oyt

2
o

ox oX X
o
O
>

OMOB

©

gy T
2 o
\

o

oX
q

fr tlr :{f b
o
N
wu

o
o
oo
o
B

=]
Mo o
N
[N
e
n

R
.
o
oX

N2psPE o] ALEI Qo m TELAE

=
=3

i

glof| Al ¥19 Ze) 8]l A &l 3] £ A (whisker)!!

Sl 2 dlejeh. oo Aol
uhAL T B3 A sl F 105 2] o] fab Lol 24

& 2N ATl Ao

24412, A

Table 1. Typical Properties of Organic Fibers

Structural Properties Mechanical Properties Density
Polymer Crystallinity Orif"g]:m" Conforma- | Tenacity | Modulus | Elongation| (g/cr) Ret.
(%) (deg.) tion (g/den.) | (g/den.) (%)
Cellulose (cotton) 40-70 20-50 - 2.5-5.0 40-80 5-10 1.55 8
(high-tenacity viscose rayon) 6.0 125- 165 6-8 1.52
Polyethylene
(high-density fiber) - - folded 4.5-8.0 50-75 10-20 0.95
(high-moudulus fiber) ~80 very small[ extended 24.0 720 0.06 7

Polyacrylonitrile (acrylic) - - - 2.0-3.5 40~ 50 25-45 L 141_ 19
Poly (- caprolactam)

{nylon 6) 30-50 20— 60 folded

(high- tenacity nylon 6) 5.0-9.5 40-70 L15
Poly (hexamethyleneadipamide)

(nylon 66) 30-50 2060 folded -

(high- tenacity nylon 66) 6.0-9.5 | 45780 12-26 | LU
Poly (ethyleneterephthalate)

(polyester fiber) 30~ 50 20- 60 folded

(high-tenacity fiber) 6.0-8.5 | 100-125 | 6-14 1.38
Poly(m-phenyleneisophthalamide) - 18 -

(Nomex *) 5.5 135-150 U-17 1.38
Poly (p-phenyleneterephthal -

amide) (Kerlar 29) 62 21 extended | 22,0 460 3.8 1.44 5

(Kevlar 49) 71 1 22.0 1,000 2.4 145
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Table 3. Major Factors Affacting Low Temper-
ature Solutton Polycondansation

O Concentration

O Temperature

O Mixing

O Egquivalence of reactants

O Purity of intermediates and solvents
O Reaction rate

O Solubility of intermediates and polymer
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Fig.2. Effect of monomer concentration on 7,
during polycondensation of PPTA and
PTAd in(DMAc+4 wt% LiCl).
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Table 4. Limitedly Ordered/ Partially Flexible Aromatic Polyesters

I"'iber Properties

Structure Tcaaci|ModulusElonga- Ref.
(g/den, ) (g/den.Fion(%)
{o@o- oc@o@co} 10.0 | 170 | 4.5 | 29
CHs
17.0 330 3.3 29

1I:O Qi_ oC @0 @ CO}

—R o@ o} { oc@co)- —(OC@O-Cﬁz(jH-()@CO 18.0 | 440 | s.6 | 29
L c1 0.5 z 0.15

0.35

fo@ut 4@k ge @I o | w0 | 0o |
F G D DOH (o | e | |
[ O Denck 4 Do
He@@eH e @ekbe et o] - | - | - |
fe@x @ Lottt | - | | |
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*&O—CHZCHZ—O—OC -@CO )", -(0 @'CO H‘

{(o-@o- oc-@- co)» ,—(o-cnzcnz-o-oc@ co )]» - _ - 32
{(OQ?):“—(O @o@-o)ﬂ:;{oc@o@co);}r 14.0 110 | 11.0 |29
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Synthesis of Aromatic Polyheterocycles
Poly(p-phenylene-2,6, -benzobisoxazole) (PBT)

H.N SH
2@ - 2HCL  + HOOC@COOH

HS NH2

(2,5-diamino-1,4

benzdithiol) 100-200°¢C //’q @[ @}
in polyphosphoric ac1d

(PPA)

(7= 9-30 in CH,SO.H
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Table 5. Heat-Treatment of As-spun Aromatic

Polyester Fibers

Fibre Properties of Phenylhydroquinone
Homopolyester (Heat-treated at 340°C)

horg-

of ojsf 71AlH -] =LA FAE + Art
olefgt Azl AR AL A w2 A
T HAE ol &sted £ AL FAA
7led 713 F Aw FAHorh whAARe
AFE 2 AEZTAL olgh FUd 4AAS o
at 9 £ ofebe]=, b

oft
PN
2
m
ok X x o

=
sE 2 olol 2B 2 5o Afol F413 Hel s
zZ+Z2 3 olch, w3} 70 2 2 6 B mylz5l
Heat-treatment time, min AT A l» - dé H ] O—E ﬂ_L 1‘_
7| [
e w4 Eeld A 4hol Yol 4% el &
=} 4] O] 3} A OrpLz ol H RO Toelsl F=z
Denier/filament 1.5 1.4 1.4 Faﬂoﬂ I woear 0:[,—_L‘ ] ° o © a??} V[L—L‘
Tenacity,g/den 3.8 27 32 2zl E el =] A SR A~
Elongation, % 0.9 4.2 4.3 9 S4elvh zyaE 3A 4 aga 4
Elastic modulus,g/den 440 830 910
Table 6. Mechanical Properties of Special
Fibers
Fibre Properties of 4-Carboxybenzenee
P ionic Acid C - in. . . .
ropionic Acid Copolyesters (Heat-treated for 30min.) Fib Tenacny Modulus E]ongatlon DenSlty
ber X . .
{'@@*"zc"zi*’@"} {.‘j "}' (g/den) | (g/den.) (%) (g/em’)
o2 o PBT 20 2,100 L5 L5
Heat -treatment temp. °c PBO 5 520 1.4 -
AS-spun 290 300 310 320 Aramid 20-30 500~ 1' 000 2.5-4.5 1. 45
Graphi 65— 600 -4, 000 0.6= 16 g=2 1
Tenacity,g/den 6.9 12.6 16.8 19.2 20.3 raphite 2 .6- 1. 1.8-2
Elongation, % 1.7 2.2 2.7 2.6 2.9
Elastic modulus, Glass 9 260 4.0 2.55
g/den 470 760 880 960 960 Steel 3-5 280-300 | 2.0-3.0 7.9

Table 7. Processes for the Production of Ultra-High Modulus/Strength Fibers

Examples of Chemical Composition

Process Description

Aromatic Polyamides,

Polyheterocycles, etc.

Aromatic Polyesters,

Polyazomethines, etc.

Graphite

Polyethylene, Polypropylene,

Polvonymethylene, etc.

Gel spinning

Spinning from anisotropic solutions, followed by heat treatment

Spinning from isotropic solutions, followed by drawing and heat treatment

Spinning from anisotropic melt, followed by heat treatment,
Spinning from anisotropic melt of low molecular weight polymer, followed

by solid state polymerization in fiber form

Spinning and stretching of flexible polymeric precursor, such as PAN, followed
by subsequent conversion to graphite structure
Melt spinning of isotropic or mesophase pitches, followed by subsequent

conversion to graphite structure

Solid state extrusion or Hydrostatic extrusion
Utradrawing or Zone drawing

Shear induced or Polymerization crystallization
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