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Characteristics of High Strength Polyethylene Tape Yarns and Their
Composites by Solid State Processing Methods

Seung Goo Lee*, Whan Cho*, Yong Rak Joo**, Jae Kyung Song** and Chang Whan Joo*
ABSTRACT

The manufacture of high strength polyethylene(HSPE) tape yarns has been accomplished by a solid
state processing(SSP) method as the compaction of ultra-high molecular weight polyethylene(UHMWPE)
powders and drawing of the compacted film under the melting point without any organic solvents. In this
study, the characteristics of HSPE tape yarns produced by SSP which is desirable for production cost and
environmental aspect were analyzed. As the results, tensile strengths of HSPE tape yarns increased with
increasing the draw ratio and the fracture morphology of highly drawn HSPE tape yarns showed more
fibrillar shape than the low drawn one. Interfacial shear strengths of HSPE tape yarns with vinylester
resin increased by O, plasma treatment and maximum interfacial shear strength was obtained in the
plasma treatment condition of 100W and 5min. In addition, mechanical properties of HSPE tape yarn
reinforced composites were investigated and compared with those of the gel spun HSPE fiber reinforced
composites.
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537} gt 2ez 2433 % 173% PE
fre @A7A dAzgel Addes dste, A

Woz Azd —7715 PEANSHT} E}r‘g

7} %’7‘ Z E’é 114

3.1 AEHZE
B dAFdie ndeEdes A
glo| ZAN(E 5§38 AEE AL
Ao g AzE 1L Eglog
tra-9004 f(Allied SignalAl #A#)E ¥lznd A|#Ho
2 s 27 E PEdSAIREE 48H] n-
hexane 2 & soxhlet ZAx]oA 8A|71EQ) BELBS 2
T2 53 AEH 3, 21F 08 T,

30 EF7 ~ 80
12412 B9t AzAA daude] dEsts 248
A A3 )

@8, 175 PEAS 2age Azs 2434

Vinylester $2](XSR-10, M434)& *}*q*é‘ <A
A9 248 Vinylester 4], A3k}l Dlallylph—
thalate®} ¥t-871A14191 BPO(Benzoil peroxide)2
Z74¥] 100:20:2 o ¥j &2 EFslo] 3A H %
Wkl BPO7} 88 & Algsigich

3.2 MS0| oIxtAIE

AzE 17 % PE glo]ZALe] AL} €4 &9
£7% 2 Instron 8250 QAN E A&t =
B Z712 100Ng load cell& AHg-8lo] gage length
£ 100mm2= 3}% 31, cross-head speed® 10mm
/ming &gk olu] 4% PEA§9 HA|A ulms
A& A 98] yamn gripg ARSI 2%
PE glo]ZAle] dAze] e Qg7 ss) e ES
27389 Y oln dAl¥l= 7,9, 26, 34, 40, 42, 45
2 Bz 272 % PE "o ZAlY R4} g
/\é]%& z.;g o}&} 7! }Q kvl 7LE pE/\% _,] x]-E/d
I vy /\]“é o] Hf IdH& SEM(F
AP, JEOL JXA-840)8 Algsto] B-3slgd
=3

3.3 mHAz| & BN
3.3.1 THA =
17E PEH]olZALe]l ARFAAE &3A717] 9



94 5T -E P38

il

dlo] dalv] 42, £ ImmQ 2% % PE H|o|ZALE 4F
AZetznz 2EAE st AziEe cold gas
plasma etching® 22 # X parallel electrode
typee] Zg}zu} oA 7](Vacuum ScienceAl AF)E
AT MExe FEdgE S50W, 100w,
150W= @3z, A3 5208 ngsdnh
Zgtzo} etchant gasz2E A44(0)8 AMHslgn 2
2r= 27l 10mtorroldts A8 X ATt AE
10sccmé) &&o2 F918te] 50~100mtorr7} §4]
HEE gt

33245 54

7% PE go|ZAte] FRAUAE &817] ¢t
o] dald] 42, & Imm<Q) 24% PE glo|ZAb] A%
7+& &Rk ARE ZI71E BARER 3471
ERMA Contact Anglemeter(Goniometer type,
model G-1-113-100-0)& AF&3tc) AbA ZEep=v)
Melzzdd] wet 2t AR didte] FRUAY =4
Foh W54 RE Eejslr] 918ty liquid paird[13]&
AHgstg e, AMgE dA2E B(H0)7 vgdae
=(CHL)E AH&skit

2o FHUAE 72.8ergs/cm’o] 1, o] el A
Bao 5] 0ergs/cm’o]lx ¥]ZARE= 21.8ergs/cm,
ojth. gk, wjAel g e =9 FWoAE 50.8ergs
/emolm AR IR e zz 1.3%
49.5ergs/cm’ o]t}

P

J

333 A9AgEY &%

Faxelg A Xy AdEgE S Agsr
2sle) 4H micro-dropletr|d & et HRER
& A4 Egpzul A2g ¥, Vinylester £A E3 S
Alg3ted 172 % PE o] XA} E82 micro-droplet
S FAAAT $4)E micro-droplet AJHE A3
ZoA 110CE 2082 A5, AH HRE

Zo](embedded length)E Fdn|goz Fas}
th AGAGAEE dFAE7](Instron 4467) 4]
ull-out A4 375 n3AZ £ A A g
AL gage lengthys 100mmz, Al84x=E Imm/
ming 127% s}

AVATAT = A1)} Zo] AkiHon o7
A, f= pull-out &%, 19} wi 17%= PE go]ZA}e]
FA 9} Folq, L& AFEY Hololth

—

o o

R oo e wl

g

P

i a2 WEE AR ERE
SN 0
2t+w) - L

3.4 S8R Hx

174 PE glo|ZAte] B usE ot 4%
PE ol ZAb s FAZ(EF 15071, BE)E AHEst
o ARscth AAE AEL FAFEE HAEUEE
10x12.5/inch’ o]z AZFee 0.011g/cm’oln, T
Ae 0.2mmo]3ich 27% PE ol ZAF HEL ¥
Ao /AR PRI R n-hexaneo® HA 2] d)
o FAg T ALEEETh 17 % PE E|o]ZA} A&
= A% FIAgE gol7] M daEozolr
100WejA] 582 B9S Hesigich £, & dol
A moge AgAE 27t% PEA#SQ] Spectra-
900 2221 x21/inch’, BT $Yg Zeh=n} A
glxrnozgd g NAstd EFARE AUt

Bag Aze] AMRE A 7434 vinyle
ster #2] (4 93 XSR-10)E A8kt AT &
g8l2 A =PE golZAl HEd FHE FAE
50wt% 2 A este] TEsta Ad-&ol A 24417 WA s}
o preprege AZ3A) AZH prepregs: Fash
A7z Adsled 15plyg %8} ). Spectra 8=
Ze WMo prepregd Alzsle] 3ply2 AZ61%
ta= PEAAETAEE Zds 454%E 3
on, A¥xAL 3C/minE $£23kd 110¢CA
30min <t AHelsld s, ¥ 600psiz Y75k
FA sk

)

3.5 2&ijz9 BMAE

17% PEARESARY] E4AHE WEY] $9
A} Water Jet Cutter& AM&3le] B8 Adsly
th Q1A HELE ASTM 638ME 7|Fo 2 s, dog-
boned oz AGaHTh AFAE AME 7I7lE
Instron 4467 712 AME38l9 1, load cell& 3kN,
crosshead speed= Imm/minZ 3+t

a3, 22AHe ASTM D790& 7Zo2 sl 2
Adez AUARL, ERAGL ART FUF A
87]2 load cell 500N, crosshead speed= 1mm/
minZ7 22 &kt Span length 40mm, span
lengths} Z79) HlE 16 : 12 2Hstod syt



B2 HE29E1999. 4

24EE 9% Y% EoIPA o] ZAjel 1 BARe B4 95

Qo

T Az 71l wE MgHer Zulsluile
< 174% PEHO]ZA} 4le) 9
Afeta 9 ARaEs) F71

[14]. A

=]
T

_g] ) z?-?OL

O

b S7HH e e wddEd

249 AN olF AT PE golZAle
A= AAPEAET 34 HolAu,
NAsled dalblz

AUFHE

T O

VIR o 4Y & e Ao

500

400 - °

300 +

200

Tensile modulus(g/den)

100

0 10 20 30 40 50

Draw ratio

20

Tensile strength(g/den)
= o
T i

oy
T

20 30

Draw ratio

40

50

Fig. 3. Tensile strength of HSPE tape yarns with draw ratio.

Fig. 4. Tensile modulus of HSPE tape yarns with draw ratio.
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Table 1. The results of contact angle analysis of HSPE tape yarns with oxygen plasma treatment condition

Plasma Contact angle( %) Nonpolar Polar Total surface
component component free energy
treatment d p
condition Water Methylene 7 s ”
iodide (ergs/cm’) (ergs/cm’) (ergs/cm’)
Untreated 94.8 64.4 26.73 1.66 28.39
50W, S5min. 15 60.0 29.33 41.98 71.32
100W, Smin. 9.8 51.6 34.25 39.60 73.85
150W, 5min. 3 45.2 37.87 37.99 75.86
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Fig. 5. Breaking elongation of HSPE tape yarns with draw ratio.

Fig. 7. SEM microphotographs of fracture surface in HSPE tape
yarns with different draw ratio(DR) (x1,500);
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Fig. 6. SEM microphotographs of fracture surface in HSPE tape
yarns with different draw ratio(DR) {x500);
(a) DR 9, (b) DR 26, (c) DR 42, (d) DR 45
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Table 2. Mechanical properties of HSPE tape yarn composites
and Spectra fiber composites.

Specimen HSPE/Vinylester |Spectra/Vinylester
Property ;
Tensile strength (kgf/mm’) 17.15 29.57
Tensile modulus (kgf/mm’) 63.15 374.01
Strain (mm/mm) 0.52 0.12
Flexural strength (kgf/mm’) 5.92 5.70
Flexural modulus (kgffmm’) 376.77 439.80
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