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Application of Olefin Resin/Paraffin Oil Compounds for Self-lubricative Material

o
=

o of M rx
o 2

Ny
4

gow
ZJatol

i)
£

SHEA +X|/m2tE 29 HIREES XV|2E MERS S8

olgz - A=Y - &7|H - MAST
735 st 838k L AEst
(20159 11€ 2¢ H, 20169 39 309 54, 2016 4€ 102 A€])

Ho Kyun Lee, Do Young Kim, Gi Myeong Nam, and Kwan Ho Seo
Major in Polymer Science and Engineering, School of Applied Chemical Engineering Graduate School,
Kyungpook National University, 80 Daehakro, Bukgu, Daegu 41566, Korea
(Received November 2, 2015; Revised March 30, 2016; Accepted April 10, 2016)

AP YEH ZE)Se|dA TEAQ] AU o dd(LDPE)F 22 Zgo€a(HDPE)S
4_%13} A Huke=ste] A7 &SR S8kt siinh B3 bl &5 20U = Xﬂ
ofstal, oo ot Eglq Ao 7AE dAstazal 7kAlR] dicumyl peroxide(DCPYE ©]-8-3te] 7tuRkg-S o
S AT 3 HZ Y 7K ZFEAE AL = B RAIQ] polyolefin elastomer(POE)E #7lsle] A=
& WFI 7w EdE o34} si¢ith. DCP9F POE s 2E|dt A= E AAslal, 55 2 Wl
71AA BE, E3 54s dEstd O 33 Itk A8H SR DCPY o] SUHErE A% FUtet
YA 2E = "‘53”—5 <l 3H 2 §EHo] AU T JIATIE et Ailge] FA ——7} tach

E]_?_ POEg] 7;5]301: 557}_25]-_’& ]— 1,:_‘:‘1: A O]_Cd;(]u]— 2_7]_3 E]—/HE:L,)‘. _Tl_ l—,] ny].E_ o]sﬁ %EOI:J,]— 7:]
T8 Uy oo AaleS 34 AT

Abstract: In this study, polyolefin resins and paraffin oil were compounded for self-lubricative material. In order to con-
trol the migration of oil, the compounds were crosslinked using dicumyl peroxide (DCP). The polyolefin elastomer (POE)
was added to enhance crosslinking and decrease hardness. To obtain optimum amount of DCP and POE in the com-
pounds, various concentrations of both were applied. The resultant compounds were tested for migration of oil, physical
and thermal properties. In conclusion, the high DCP contents improve cohesion which leads to the formation of a three-
dimensional network in the compounds. Thus, an increase in DCP decreases migration of oil and increases the tensile
strength and elongation. On the other hand, an increase in POE decreases the hardness, migration of oil and tensile
strength while it increases elongation.
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1““: Z o g (linear low density polyethylene' LLDPE)
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2 §F4 = (melt strength)E 7HH, FHES} 7o =
FHIEoU ZARE TR thdsh EofollA] 22o0]aL A
TEE A2Ath HDPEE 27HA1] Aol & 571 Ao
A vijES slo] tRE PE Rt} YWert Ul B% LDPE
Hoh Axu 71A1A A=, HEA3 Fo] T o] & o]&sted
tE aEAEH BdEste 744 2SS WHE
ARESIAL Aot kA, Z2]E# ' (polyolefin elastomer;
POE)g} &&= ogdll-o-28d FEFA= AEg=x T8
Suje] JR=E Qs 54 M2 T/ FsdA A 7]
&9 Ziggler-Natta S 2 T35 22l tel vlwdd wf
AT 9 FA%E 59 714 4] Helutt POE=
oEe] S aEAe) 84S TR AL e, gk
FAUEE Folshe BAAEA 2ko]iL Ith POEE FAL
ZollA 7HA7E ot 4E a-SHl e o] FojE S
TR FZRE BERA & Y& v|XIth Ethylene-1-butene
copolymere= butene®| §go] SIS Wwel AAsh=7t
7 AR sbee] 7o) ol modulus?t FHAEC) BEgk
ethylene-1-hexene copolymer®.the 27k -3k A7 =9}
JNEFEE VERAARE, HIS=gE 558X FY BlES 71A
= ethylene-1-octene 35A| 2} H|wsl] Y53] 538 5
A7z} JIEAEE 7HA AL Uk

A, dwrH o R SYAA FA|9 AR ARSEE F
7|32 Ssulfuryes D] A FARE BXSA
o] EAlHA Rote 7hnheS do ¢ ok 7] I
2belE-8- Ffl2]|oUR] 71 20~40 keal/molZ Srom EQHJSH
SAF) = (peroxide) AFH-0-0-)S ZkaL §lof o} Heoj| 2
af A sfzl=lo] RbA B ZA-E At EA; AR
of gjrjzo] AL 0|59 WO R Q8| Tt FERE
et B AdFdA] A8 dicumyl peroxide(DCP)= alkyl
peroxide®] YFO 2 170°C W] 2xoj|A F3ll€ch

2 olA Bol AMEE S8 AeA FER7E A
SHT 283 A=A, BRI AR E, o582
frob mget wigiE 2200k 2% sl 092 20 S
407l9] EAEALR o] Fo)] Bl E3Ee] HWol &
oAUe 7R & AFl F2 s sl o
SHE SRt FE/E 220|aL vk 28y A aga
A= g&3at7] 918 v 2d& PE A9 ¢ ok

[

glero] S, =70l FAE] AstH= ARl Itk

weba B AT B2 S A9 sek o A
vt AR §-8E F ESs FARTH 85
He 9de] &S Alofstn, 7144 E42 Wkstalat dit
T3 Sl A9 vl FiiEo® fdsin o]
ol POES 37Fele] 7l g as wolal Hudh B2 A
2 Beksiarat sieitt.

Al =]

Algf & M=, B AFHolA ARS-El LDPEE LG 8}8tllA]
A 2FEl SEETEC*BF5112 AHE-31th POEE LG 843}9)
LUCENE"LC 565% A3ttt HDPE= thehrske] F600
S ARSI v 2 9e MICHANG OILALS] P39
S ARESIE IRREPIAAIE Addivant UKARS] ANOX®20
2, 2212k A Al & Addivant UKAFS] ALKANOX®240S
AR 7HA| 2 ARE-gE FHobskE-2 Sigma Aldrich A}
°] dicumyl peroxideES AFE-3FATE.

ST #X|/m2tE 2 ZHORE XM=, LDPE/POE/=}2}
¥l 9/DCP HALEE Ax3] st tharh 22 Wy
© 2 A| %59tk WA LDPE:POES %% H| 7|F0 & 3.7,
5:5, 7302 A3, ZF2F 0.2 phre] 17}, 23} AP A S
A7kste] 744 &% 385 A8 T 2 & BrabenderAt
9] Plasticorder PLE331(internal mixeryS ©|-8-3F5] 140 °Coll
A1 50 rpm 2O E 387F B & F71X 0= 30 phr
o] vkl 293 DCPE H7lste] F71=2 387 7Hues
skith DCP= 0, 0.5, 1.0, 1.5 phr? #H718FaL 2H} DO,
D0.5 D1.0 D1.5% 3713131t} HDPE/POE/AERE 2 /DCP
AvES 99} 7+ vhA o 2 A %6195 HDPE:POES] &
2k 8] 53 3.7, 5:5, 7302 AU

2E H|Z. Fred S. Carverrle] 2348 7] 7192 =
TP AE Al A AFE A EES AT O
2 33 53 <A 4= 4P AT 0.5 mme] FAE
140 °C 2= 1t &% &84S 7H 4 A pre-heating
< 3, 2000 psie] EFdFeS 3 B kAL, 2z

A 5 o)X YAAIA AEE AZEFAT

M e Y. 7o) AR S48 $18l ASTM D2765
e wet A EES ST AxE AES
ato] Apdalel] YAz 110°C AFolA 12417 St F23¢
e SAEA o] W & A A5 FA tist
2= A5 MRS A gk g Aot

2 & FH. SulHTA /AR o Ao A
o 2 o] §E7FS Golry] $Jsl] YFB=9} Fred
. CarverAte] A3 g 7] 714 2] A=y 25 o] 83}
A& 25mm, T4 02mmel HWES ALg &, 37 =
gka] 9.8 o] gale] 50°C ZAF A 1587 AL v
lo] el FAE S5k

HEAM. LDPE, HDPE, POE 7|9} gl2jd 29 Huke-
= 243} DCP ol g3 A mX= e ERIsp]
A8 B-g2rol AA3t =2 AT ARFAIE B
(differential scanning calorimeter, DSC, SETARA Instrumen-
tation DSC 131 evo)E AH&-3l4 10£0.5 mge] A &5 YWY
A 715 dPlIA 5L £5 10°C/min®E 309014 160 °C7}
2] Z43le] DSC thermograme AT}
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A 4. Hubeso] = AMES TEsAEA
3 7](UTM, Instron M4465)Z ASTM D882 +4°l| ujg} =
At Avtes g MZ o) JAA BA = oA} I
TAES S5 S8l Ak FEE oFE F AlWoR A
2+t T}, olw| grip distances= 33 mm, gauge distance=
20 mmZ YA 3}, crosshead speed= 30 mm/min®.Z 3}
Atk 283 load cellS SkNO.Z A3t Avpe=o]
7AEZ42 ASKERAF] Shore C AEAE ARE-3FA T Al
Hell sl 202 20 kgl IR TE 7ot S0
o, RE 7IAA 544 A gk T AZe 3t T AUt

HEE W YA s Fuio] YeERAITH
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Figure 1. Gel content (%) of LDPE/paraftin oil, HDPE/paraffin oil,
LDPE/POE/paraftin oil, and HDPE/POE/paraffin oil compound
with varying DCP content.
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Figure 2. Gel content (%) of LDPE/paraftin oil and HDPE/paraffin
oil compound with varying POE content.

Zay, Al408 A43, 2016\

- XS

22 YeRH12H, Figure 29 POES] ol w2 A 3
< YERNSITE DCPE o] 718l uje} 7hert F7F
st A gheo] F7Feli o™, POES] 3ol S7istel whet
M= A ghgo] &% 353t o] wl LDPEZF HDPE| H]
g A 3tgo] o =4 SHEA=H, ol ARSI
5 AstE7] drie 2ol &3t POES] & F7tell
tqaw Al ghgo] F7Fshe @ TS POES] 7HAIskE 4
g]_ ""8 7‘?:1_ 4§],T:oﬂ 7]0]o]—~ 74_£ oq]/\PEh:Tr
%%% M. Axd Ao Al & A
~5°ﬂ et 25 dukzel 7]AA}
F2E%1 50 °CollA] S48, o] o FA A&
L] %%Oﬂ ofgt Aolm g, A7k mE A Y oY
|=To) vlEgit). Flgure 3~ E‘?i EFQ LDPE 5= HDPE
Bt 5% ©lste] -
1-1912»}, DCP fié%k 1 %ﬂUPOﬂ uheh Tﬂl 4

6 -
54
S
Z 49 o S e b4
k) v
= T N
[=) 4 e A= —
2 3 e
2]
—@—— LDPE+DO
O LDPE+D0.5
14 ——-w-—— LDPE+D1.0
—-—A.-—  LDPE+D1.5
0 T T T T T
3 6 9 12 15
Time(Day)
7
(b) — e HDPE+DO
........ O HDPE+DO.5
6 1 ——-v-—— HDPE+D1.0
—-—A-—  HDPE+D1.5

S
w4
[}
o
=
ey 4
5 °
]
=
24
A Do A
e
14 BT
0 T T T T T
3 6 9 12 15
Time(day)

Figure 3. Weight loss (%) of LDPE/paraftfin oil and HDPE/paraffin
oil compound with varying DCP content: (a) LDPE; (b) HDPE.
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Figure 4. Weight loss (%) of LDPE/POE/paraffin oil and HDPE/
POE/paraffin oil compound with varying DCP content: (a) LDPE/
POE/paraffin oil compound; (b) HDPE/POE/paraftin oil compound.
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Figure 5. Weight loss (%) of LDPE/POE/paraffin oil and HDPE/
POE/paraffin oil compound with varying POE content: (a) LDPE/
POE/paraffin oil compound; (b) HDPE/POE/paraftfin oil compound.
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Figure 6. DSC thermograms of the LDPE/POE/paraftfin oil compound with varying DCP content: (a) heating curve; (b) non-isothermal cool-

ing curve.
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Figure 7. DSC thermogram of the HDPE/POE/paraffin oil compound with varying DCP content: (a) heating curve; (b) non-isothermal cooling

curve.
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Figure 8. DSC thermogram of the LDPE/POE/paraffin oil compound with varying POE content: (a) heating curve; (b) non-isothermal cooling

curve.
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Figure 9. DSC Thermogram of the HDPE/POE/paraffin oil compound with varying POE content: (a) heating curve; (b) non-isothermal cool-

ing curve.

Table 1. T,, AH,, and T, of LDPE/POE/Paraffin Oil Compound
and HDPE/POE/Paraffin Oil Compound

Description T,(°C)  AH,(lg  T.(C)
LDPE 128.61 87.50 105.27
HDPE 134.4 1284 125.72
POE 49.50 7.95 39.26
LDPE/POES:5+D0 103.50 28.09 91.24
LDPE/POES:5+D0.5  103.81 26.82 92.14
LDPE/POES:5+D1.0  104.02 2527 88.10
LDPE/POES:5+D1.5  101.23 24.55 86.40
HDPE/POES:5+D0 124.28 49.81 115.01
HDPE/POES:5+D0.5  123.89 44.69 117.03
HDPE/POES:5+D1.0  121.02 4235 114.41
HDPE/POES:S+D1.5 12231 41.99 116.36
LDPE +D1.0 110.01 65.07 96.74
LDPE/POE7:3+D1.0  104.66 37.66 94.11
LDPE/POES:5+D1.0  104.02 2527 88.10
LDPE/POE3:7+D1.0  104.17 18.16 89.52

HDPE +D1.0 123.09 96.01 115.12
HDPE/POE7:3+D1.0  122.12 66.32 116.23
HDPE/POES:S+D1.0  123.02 42.35 115.4
HDPE/POE3:7+D1.0  123.08 28.10 115.60

A3} vArt BEEE & Uk ol B Al AR

g SHAA FA Y] FAREC] KA A %_E o] Fo) 7]
Rom, 0~1.5phrZ 7} ¥ LDPE, HDPE, POE/ 923 @
d AvpeEs] 7ladErE vol 24S Y e Ao
2 Al H

Figure 6~7¢ DCP9] %S 22 siils o Avg=e
DSC curveS YERNSIT). Figure 6~791 &5 RE A9

Avtes=ol DCPe gl Z71E5E T, T, AT, 24
ke RS BFEIY ol EErt 71824 POE
¢} LDPE, HDPE®] AA s} 7153k o] 74gl7] e
2 FerEc 2t

Figure 8~99 POES] ¢#HS gl 39S we] DSC
thermograms YERNATE DCP2] 3hego] 1 phr2 IA =S
< o, POES] H7}o] Eold4= T, T, AT,°] #ish=
&S Bt o]& POEY] 7HAshd #AERE 1k A
ol (steric hindrance)’} FARES] AR FAS Wallsh] o
o7 F=Hp 2

A3 o] LDPES] Y& A= A9 29| ghgo]
0~30 wt%d = 22 shte] T, FII AR 4840l A
Z22]3 LDPES} Tt 9 ATz oi 9 §
30~40 wt%d ® 70~80°Ce] L= F7kollA 2L e &4
u%zé— HEAT 5 dom ol 4olA] %2 Y ¢St 7

2 N?ﬂoﬂﬁ °l Y TS 30 wt%E TN, T,
A} ARke A ¢ AT o= YER 24, POE, LDPE,
HDPE7} M2 F87¢] ks Ao2 F58 4 et &=
st oo] ol whet 77F WA ek, 2.2 DCPe
ol oet 77} Wshs o2 Bk uf rlwee] Wyt
Tol FEFS A= Aoz AlsEr)

E2|% S4. Figure 10~11°] LDPE/POE/&EHE 2.4 #
3}l8-=, HDPE, POE/Ze}d 9 #ul$-=9 POES} DCP
S dElale] S8 Q=S shdt AXES VRIS
t}. Figure 10 POE®] A& DE]aiais wo] g7 =et
A &S YERNIT). Figure 102 A3 HH, POE &+
o] ol ule} AN TE AR gk A8
LDPE®] 73-¢- 1400%, HDPES] 73-%- 1800%74] ZA 3%
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Figure 10. Tensile strength and elongation of the LDPE/POE/par-
affin oil and HDPE/POE/paraffin oil compound with varing POE
content: (a) tensile strength; (b) elongation.
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Figure 11. Tensile strength and elongation of the LDPE/POE/par-
affin oil and HDPE/POE/paraffin oil compound with varying DCP
content: (a) tensile strength; (b) elongation.

110

—e— LDPE+D1.0
--4&-- HDPE+D1.0

100 o
I

90 A

80

Hardness(Shore C)

70 o

60 T T T T
0 30 50 70
Contents of POE(wt%)
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POE/paraffin oil compound with varying POE content.

W3}, Figure 13> DCP 42 22|8l9S v A= W
3= Yehlich. Figure 125 $3] DCP 322 1 phre 3
48512 v POE gafol we 7= Wsle 1w, POE 3%
o] Z713o)| W}, A% %ol LDPEE 65, HDPEE 707HA]



A A AR oY Hukre] A AEEe] &8 523

95

—e— LDPE/POES5:5
o0 || 4 HDPEPOESS
} ..................... =
O 85 £
o
o
£
)
7 801
Q
c
5
8 751
70 -
65 : . ; ;
0.0 05 1.0 1.5

Contents of DCP(phr)

Figure 13. Hardness of the LDPE/POE/paraffin oil and HDPE/
POE/paraffin oil compound with varying DCP content.
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