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Abstract—The morphology and tensile properties of surface grown ultra high molecular weight polyethylene
(UHMWPE) fibers have been investigated by changing the crystallization temperature. Differential scanning
calorimetry was applied to the UHMWPE fibers in an unconstrained melting and constrained melting. The
crystallinity was found to increase with crystallization temperature from 55% to 93%. The fibrils grown at
120 were found to be composed of chain extended orthorhombic crystallites with an average lateral crystallite
size of 10nm. Orthorhombic-hexagonal phase transition was observed in the constrained melting of UHMWPE
fibers, but no transition was found in the unconstrained melting. Extended fibrillar fractions would be separated
from lamellae upon constrained melting and they increased with the increase of crystallization temperature.
As the crystallization temperature increased, the shish-kebab structure was transformed into a more smooth
extended fibril. Tensile properties, which were affected by the fraction of extended fibrils, were improved
with the crystallization temperature. Especially, the tensile modulus and elongation at break were more affected

by the structural changes rather than tensile stress.
Keywords: UHMWPE fibers, orthorhombic-hexagonal phase transition, lamellae, shish-kebab, smooth extended

fibril, extended fibrillar fraction
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Fig. 1. Schematic representation of surface growth
apparatus.
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Table 1. Peak melting temperatures and heats of fusion of surface grown UHMWPE fibers upon unconstrained
melting for different crystallization temperatures (DSC scan speed: 5C /min)

Crystallization temperature

Melting temperature

Heat of fusion

T, (¢) Tn (C) AH,, (/g)
100 136.2 161.7
105 137.6 185.3
110 138.4 223.6
115 139.8 247.8
120 140.5 2724
100
ot d[17,21], 2 Al e R
80 I~ - 11 .
a T_=120°C —=(0.8) V)
—_ = T, =100°C Iy
i\o’ 60 |
s 3714, L& Ak o, I AlA Abe Zolo]a
«
i L , e PR 49 Feolth o ¥AMNcERY T
5 B BAT 999 4= 245 s} 12009
ol 7% 35 7lolx, AA3 LE7} 100C Y AgolE
J g7lolck. AA3E 257} 27152 delAle) A9}
S RS T oSN HM_Q&J : sPZIR 2 98 G ghastEa) gHR Ak T

80 120 160

Temperature ( °C)
Fig. 3. Effect of crystallization temperature on the

shrinkage of surface grown UHMWPE fibers
as a function of temperature.
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Ehstet 100C o 739 & $282 835%97,
120C Q1 A9 94%Ar). o) A& F *li«l T2
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Table 2. Peak transition temperatures and the total heats of fusion of surface grown UHMWPE fibers upon
constrained melting for different crystallization temperatures (DSC scan speed: 5C /min)

Crystallization temperature .
B P T (C)

Heat of fusion

Tmz (OC) Tm3 (DC)

T, (C) AHy (/9
100 129.6 140.4 150.0 149.0
105 1354 140.9 150.2 169.2
110 135.8 142.2 151.5 210.7
115 136.5 143.8 152.4 234.5
120 - 145.0 153.0 260.1
g 120
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) function of crystallization temperature.
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Temperature{ C)

Fig. 4. Effect of crystallization temperature on the
constrained melting endotherms of surface
grown UHMWPE fibers (DSC scan speed; 5
C /min).
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Fig. 8. Total heat of fusion of UHMWPE fibers upon
both constrained and unconstrained meltings.
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Fig. 9. Effect of crystallization temperature on the
retractive stress of surface grown UHMWPE
fibers as a function of temperature,
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g 253 ¢Hel WS ekl Aolch A4S
X7} 100C A AS &, AAAY FEE vehiE
6ol A% T Huighe ek, 120C Q)
A7 e T2 A% @ e Hrighe ehh
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FzET FAE )T Sl WA Aee ool
A7) dEolct. Ho $He 10009 A% 234
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g Aok 1ol B F olRo] SHUAA RS
Aato] dofid Fole SHAAY L5202 s
Afe A=) o) APFAA-SAA Aol
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Z7ksta, &3lee BRI fE%(entropic
driving force)®] <i3Fe 2 93 Also] ZawA
AFos TER7E HIEHY Adie Addoh
$2 g3 7z A% 60T, 80T FZoA A
zEn 0|23 &Y 27| Frle AFH 999
2§ WE A E 2 3)(entropy) Aol 97 Holr}
[25].

x Q)
=
o

33 Fx 9 A M3

ZaEAEr Zelddd ARe 2=
Y(microfibri) 52 FAAFH e 733 301 A
7B (macrofibril)o] AF & WFS o} wid
Hol ole AW A8y Fzelx & 4 9ok Penni-
ngs < vlA HE] vk E-& B 20 nmeo|H,
Adl frde] A$- 05um AE9 #F7)E gevhy
3 ci17-19]. wlA H B2 70nme] AA B
] AES AAMNFE FTAHAF ddow FAHY
uck oled FAMGE G- AAol= & & e
499, Ak gt 53 14 97 Ak(taut tie mole-
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Fig. 10. Equatorial WAXD-scans of surface grown
UHMWPE fibers crystallized at 120 .
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Fig. 11. Azimuthal WAXD-scans of surface grown
UHMWPE fibers for different crystallization
temperatures.

Table 3. Orientation factor (f,) and crystallite size
(Daw) of UHMWPE fibers for different cry-
stallization temperatures

Crystallization Orientation Dago
temperature (C) factor (f,) (nm)
100 0.915 110
105 0.937 10.7
110 0.941 10.6
115 0.949 100
120 0.963 10.0
2E Bl AE 9l 180°¢4 3" o)
Uehbe e wol EW Agyes Axy 4
fol RS o] £ 4 glnh
Table 3-& Fig. 10, 11¢] 3" FdozHE do
Al &9 =7)(lateral size)®} (110)H o) A 9] ulj 8
AAE 73 Aot} AA 9] 5=7)= Scherrers) A&
o]-g-3ted FEFHTI30]. 2 AL o}e&F o)
Ay (180/m)
thz-—m 3)

4714, Dy & (hkl) 38 wel] $2Ql AA =7
A ¢ x-419] 74H0.15418 nm)

Det ‘WD Exp I—————I 2um
: 116 158
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