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Effects of Draw Ratio and Additive CaCQO; Content on Properties of High-Performance
PE Monofilament
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Abstract: The effect of draw ratio (8, 10, 12, 14 times) and additive CaCO5 content (0, 0.5, 1.0, 1.5, 2.0, and 3.0 wt%)
on the properties of high-performance PE monofilament was investigated in this study. As the draw ratio increased (8-
14 times), the melting enthalpy (AHI), crystallinity, specific gravity, and tensile strength increased significantly. However,
the draw ratio had little effect on the melting temperature (Tm) and crystallization temperature (Tc). The seawater
fastness (stain and fade) of the hydrophobic PE monofilament prepared in this study showed an excellent grade of 4-5
in all draw ratios. To investigate the effect of the additive CaCO3 content on the properties of high-performance PE
monofilament, the draw ratio was fixed at 14 times. It was found that the tensile strength of the PE monofilament sample
containing 0.5 wt% of CaCO5 was much greater compared to the sample without CaCOs, but the elongation of the sample
containing 0.5 wt% of CaCO3; was much less than the sample with 0 wt% CaCOs;. However, in the case of the sample
containing more than 0.5 wt% CaCOs, the tensile strength slightly decreased and the elongation slightly increased as the
CaCOg content increased. The seawater fastness (stain and fade) of the hydrophobic PE monofilament showed excellent
grades of 4-5, regardless of the amount of additives. From the above results, it was found that the maximum draw ratio
of 14 times with an additive of 0.5 wt% CaCOj are the optimal conditions for manufacturing high-performance marine
fusion materials with various fineness (denier) with high strength and low elongation.

Key words: high-performance marine fusion materials (327 5 3l -85 3 2 A))), metallocene-catalyzed high density
polyethylene (M ELZA Zm 2 $H4%F 1% Zgjo|€dl), mono filament (=2} E), draw ratio (GA14]), additive

content (714 &F)
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g AEO R AYeiEe] Jon A ARREe] dEgoR
S Eo] lom, sgAtdol ARSEE o, ofHl A=

PP &A1& H&sh= 7Ievldo] I Qo =&} vl
slod w9 wu)3k Aejo|tH(Flory et al., 1989; Kwon & Kim,

2015; Lee et al.,, 2010).

I Z2]o|Y@(high density polyethylene, HDPE) 4d-fr
= 24 Azl 719 T7}' 2L A F2E AYBR guk
HOE 60~80% B0 =& AAshesl of 135°Ce] =& A
£ 7}A|3 It} HDPE A-G= H|w3 =& 7HAdos 23 &
o AHGEZIE S, g 0 2F 2, A4 2 HEe
$e8t7] RO ThRE A1) HololA
elge] 33 F il AL ol
AR AT e B2 v
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3l [e]

ol
-

gem’yl 2] éﬂrow} Afe 739 (toughya, A
o] - Af-(bamboo fiber)e} A8 22 3l UL
A 7F U= 71l (nanofiber bridge) 25 1AL o] A
2] (creep) A1&/dol =oh. Wb HDPE A= 715 4
A O] 2 35S B FEolMe] A= AskEe] vol s
& o AR AdEsE Aot} Z18]3l HDPE R=d
HHES] 79, Az WAl Al m} vAA do9s HAe
stetal 2% o2 Hulistell s AR el A
Ab 24 AYE § vk 43 A ATH(Grigoriadou et al.,
2011; ; Kang et al, 2017, Mark & Gaylord, 1967; Ryu et al.,
2017; Vlasblom et al., 2012).
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oo W%, d= F4¥ AR drolthes A4 999 2 & 540 uiek BARE R Jke WA 27date] i
T 1.00 glem’, +5 ¥1AAA PEY WiE: 0855 glom’)(Mark wiol vii-- BRI duky e s Exleg Raxvt FOoH 3t
& Gaylord, 1967). HPdee A3 AEE Yot $Y 34 2004 danprt S
DSCE 343 AH #o= ZASIeE Tk 4 a3t 71rE i GRS A ) Akl =S E B2
2. AQ7IEE Helt),
Table 1. Processing condition of PE monofilaments with various draw ratios
Processing condition
Cylinder(°C) 220/240/245/245/235/235/230
Nozzle 30 / 12hole
Gear pump speed(rpm) 25 25 25 25 25
Quenching bath(°C) 42 42 42 42 42
1*" drawing(°C) 100 100 100 100 100
ond drawing(°C) 120 120 120 120 120
Heat set("C) 120 120 120 120 120
Draw ratio(R3/R1) 8 10 12 14 16
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Fig. 1. Effect of draw ratio on the tensile strength and elongation at
break of PE monofilaments.
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AoR AT, 2EHZX W= dro] HEEE E9 7]
F B crazes) T FX(structure)?] HEEES E9H, AH

Hjgke] Wbyt o] o] EFH (opacity)S Yo7|= @38t
A B2/ (inhomo-geneity)S 2 eHh(Breuer et al, 1977).
A A FollA Eldrlo] Melte 23lsle 23w
A (scratch) E44e] 7P =& A2 delA AUkBeak et al.,
2009). HDPES] 7% Fx9] ®E3} 7|39 EAZ FHE0
W] wiitel] Z2E# A Mgk o] WSt U e
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287} PE BedefdlEe] XA nXe 4% 3
Z317] QJste] AAIRIE 8, 10, 12, 1492 HIAIAM =3
DSC =4& Fig. 20 YERAAT

£ 2% T, 283 &= T, £§ A€y AH g 2
DSC A=z Aliket A4s= S Table 201 YeRAT) £
Aol MRl AAM7E 8~14812] ALoe 8§ & T,
132.8~133.5°Ce] ¥ em, AHs &% TE 117.7~1183°C
WHeoX, 8§ 23] AH, & 180.4~2123 /g %S et
WAtk Table 2014 & 4= A= wle} o] AAlM7}y S71gt
8~14u)l wet &8 A (AHp= T3] A SVl
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Fig. 2. DSC curves of PE monofilaments with various draw ratios: (a) 8, (b) 10 (c) 12, (d) 14.
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Table 2. T, T, AHy, and crystallinity of PE monofilaments with various
draw ratios

Draw ratioR3R1) T,C°C)  T(C) AH;(/g) Crys(t;ll;nlty
0

g 1328 1183 1804 61.6
10 1333 1178 2008 68.5
12 133.5 177 2063 704
14 133.1 1180 2123 725
0.96
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w j
0.94 -

8 10 12 14

Draw ratio

Fig. 3. Effect of draw ratio on the specific gravity of PE monofilaments.
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Korean Fiber Society, 1996; Ryu et al., 2017).
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Fig. 4. Effect of draw ratio on the crystallinity of PE monofilaments.

Table 3. Fastness to seawater of PE monofilament with various draw
ratios

Draw ratio(R3/R1) 8 10 12 14
Change in color 4-5 4-5 4-5 4-5
Cotton 4-5 4-5 4-5 4-5
Stain
Polyester 4-5 4-5 4-5 4-5
= 997 olrk & Age] Welel Q] s-1amje] 9ol

2y ARSI 3He 64.6~72.8%, FAAHZE 7S 68.1~
75.8%2] W19 3 VERIRI e, ALnrt STHERE R
AAste 5l FA AAsi=e S7FeRlTh o]+ Table 29
DSC =40l 93k AA3= 3t 61.6~72.5%= o}F 22 2
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Feplee] 540 Al T AR flste] dalve
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Table 4. Processing condition of PE monofilaments with various CaCOs
contents

Processing condition

CaCO; content(wt%) 0.5 1.0 1.5 2.0 3.0

Cylinder(°C) 220/252/255/252/252/250/245
Nozzle 40/ 10hole

Gear pump speed(rpm) 13 13 13 13 13
Quenching bath(°C) 42 42 42 42 4
1" drawing(°C) 100 100 100 100 100
2™ drawing(°C) 120 120 120 120 120
Heat set(°C) 120 120 120 120 120
Draw ratio(R3/R1) 14 14 14 14 14

Fig. 5= 37K CaCO;9] FHo] PE Ri=deilES] <l
Zdxel gk A% v 9 Yepd Zojd. zﬁ}ﬂl
CaCOs= F718HA] &S PE RicdeES] 47 w9} djtt
AT 8.0gd, 10%E YERISITE 2 AFe] #eQl H7H
CaCO; & 0.53.0wt%e] Z$oes <l
10.5 g/d, IR2EE 7.9~ 8.4%2] W] ke YERSITE 0.5
wt%2] CaCO;2 53 PE R:-ZHHE X E& CaCOZS
ek k2 ARET IR 8] FsIou Al
T g9A8 ks e 4 F AJTh ol 0.5 wi%d]
CaC042] F7kll= CaCO57F PES| 7)3A| 2 2-galoda] 014
Bert FTkele AFHE vERd ZAe® AZET SLEAtelA
A7go] A7) HeiM= WA A7 Fo] P ofof skt
, olgigt A8 e JES ke EFS 1A St
dnkH o g AR Al 71HAE Hrbs =9 Z1EAE
FHoR AX3) Sxrt F7kH =W, S 449 A7E
HABHA REEe] Fro o] FRAdo]l FYEIL AAsEE
F7¥HAl Elo] 71A1A B4l TR EEA TH(Vasile
& Pascu, 2005). YuFE o g HDPE= & 2% A% &£x&
7HBR AS FAAe717F - oot L2y HDPE AR
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Fig. 5. Effect of CaCO; contents on the tensile strength and elongation
at break of PE monofilaments.
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Table 5. Fastness to seawater of PE monofilament with additive CaCO;

Fastness to seawater(grade)

CaCOs* - -
Change in color Stain

- 4-5 4-5

(¢} 4-5 4-5

*The concentration of CaCOj5: 0.5 wt%

=
]

= 7184 % CaCOy7} 243} w9l ARSeE Folna
Y FEFo FEirt o #dsta Eeine] 84
3} (environmental stress crack resistance)®] T -8}kl
A ATh(Vasile, 2000).

A 0.5 wi%ETH B CaCOsE 373 Alge] A9l
CaCO; 3Hge] F715k webr Zes 23] E]-ﬁ': 7%’:—5— X
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A7PE % 7= 2 gk Alwel] dES wAH, 23430 A
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CaCOsE H7IBHA] &8& A9l H7HAl CaCO; 0.5 wi%s 3

7Vet A|8E st
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1 3 Ao Ay, B 29 BF HY 53U 457
< el Uiglen, dldgEdaAzZAe] AE 7tedes g
s}sau}.
4. 4 2
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—9& 0}7] ]o}oq \]-"E]—Ekﬂ &uﬂ =4 tsl/dzy} BLG §].6‘_'1—g]
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e PE RiedEES] SA400 viAle 9= 74Eo}°it‘r
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SHoRE 978 55 UERSITH

H7H CaCO59] &go] 2/ PE HirFemlE
HXE S ZAR] Ql8ke] dalnlE 1402 sk
0.5, 1.0, 1.5, 20 2 3.0 wt% CaCO;Z ¥r3 PE 2%
HE A 82 AZ3IAUTE 0.5 wi%e] CaCO.= 343 PE
SHIHIE AE= CaCOE TH3IA &2 AlERTH I%

(<

=40

0

&

ol



296 BRO) 7MY SR X] A23H A2%, 20214

=7F @3] Skl od Ales @R8] fhdke 2s
AATh 2 0.5 wi%HT B2 CaCOsE i3 A8
Fole CaCO; el F71gl ety A 239
el Ase td Flete AES UEdAY &4 PE
BrdedEs] s Ae (Y9 2 EA)e H7H| CaCose)
S AdEglo]l B 45902 5% 558 YR

olfe] AyzEE o AalM] 14v]e} H7HA CaCOsE
0.5 wt% $Hrahs Aol 2 Awe) B AnE Ad vkt
AEEY)E Ad 38T AFTEHT A5 Axs7] Sl
Ao xlolgke RS & & U

Omg

o
n:i o, —1)‘

5

B ATE AR g E A ESA T @A
H5:10053826)0.2 FE AT+ A,

References

Beak, K. W, Lee, S. G, Lee, J. H., Choi, K. Y., & Weon, J. 1. (2009).
Quantitative evaluation of scratch behavior for polymeric
materials. Polymer, 33(4), 273-283.

Breue, F. W., Haaf, F., & Stabenow, J. (1977). Stress whitening and
yielding mechanism of rubber-modified PVC. Journal of
Macromolecular Science Part B Physics, 14, 387-417. doi:10.1080/
00222347708212908

Cherry, B. W., & Hin, T. S, J. 1. (1981). Stress whitening in
polyethylene. Polymer, 22, 1610-1612.

Flory, J. F., Goksoy M., & Hearle J. W. S. (1987). Abrasion resistance
of polymeric fibers in marine conditions. International Conference
on Polymeric Fibers in a Marine Environment, 2nd, London,
England, pp. 194-204.

Gaechter, R., & Mueller, H. (1985). Plastic additives handbook -
Stabilizer, processing aids, plasticizers, fillers, reinforcements,
colorants for thermoplastics. New York: Hanser Pub.Hanser Pub.

Grigoriadou, 1., Paraskevopoulos, K., Chrissafis, K., Pavlidou, E.,
Stamkopolos, T.-G, & Bikiafis, D. (2011), Effect of different

nanoparticles on HDPE UV stability. Polymer Degradation and
Stability, 96, 151-163. doi:10.1016/j.polymdegradstab.2010.10.001

Hitachi High-Tech Science Corporation. (1986). DSC measurement of
polyethylene-The correlation of polyethylene density and melting.
Tokyo: Hitachi High-Tech Science Corporation.

Kang, D. H., Choi, J. H., Jang, K. H., Hong, C. H., & Park, W. H.
(2017). Measurement and prediction of the effect of number and
denier of HDPE fibers on creep behavior. Textile Science and
Engineering, 54(2), 94-99. doi:10.12772/TSE.2017.54.094

Korea Textile Development Institute. (2006). Future textile materials.
Daegu.

Kwon, Y. Y., & Kim, M. H. (2015). Industry and trends of marine
convergence materials. Fiber Technology and Industry, 19(1), 37-
53.

Lee, E. J., Lee, C. W., & Kim, J. Y. (2010). Study on abrasion
resistance of mooring ropes. Textile Coloration and Finishing, 22,
373-378. doi:10.5764/TCF.2010.22.4.373

Mark, H. F. & Gaylord N. G. (1967) Encyclopedia of polymer science
and technology. Volume 6 N. M. Bikales, N. M.(Ed). Plastics,
resins, rubbers, fibers. New York: Interscience publishers a division
of John Wiley & Sons, Inc.

Ryu, Y. S., Seo, M. K., Park, E. J., Bae J. Y., Lee, Y. H., & Kim, H.
D. (2017). Effect of draw ratio on the properties of metallocene-
catalyzed high density polyethylene monofilaments for mooring
rope. Textile Science and Engineering, 54(1), 44-53. doi:10.12772/
TSE.2017.54.044

The Korean Fiber Society. (1996). Man-made Fibers. Seoul: Hyungsel.

Vasile, C. (2000). Handbook of polyolefins(2nd ed.), New York:
Marcel Dekker.

Vasile, C. & Pascu, M. (2005). Practical guide to polyethylene. UK:
RAPRA Technol. Press.

Vlasblom, M. P, Boesten, J., Leite, S., & Davies, P. (2012).
Development of HMPE fiber for permanent deep water offshore
mooring. Offshore Technology Conference (OTC 23333), Houston,
Texas, USA. 1-15. doi:10.4043/23333-MS

Wunderlich, B. (1990). Thermal analysis. USA: Academic Press.

(Received 17 March, 2021; Ist Revised 14 April, 2021;
2nd Revised 16 April, 2021; Accepted 23 April, 2021)



