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A(80C &7k, 80°C air oven 7}, A2t7|M ] sl ) o 24 & w& FHd 23XH 7l2g 9434} Silane
b EejoAye] AA $42=(Tm)e] Wsl, 259 #H3, 7tz 45 A%S 345t9 £29 silane 7ZEAd|
e 54 Wakg A7t Silane 7tae S5 ES 22dA tRA e FAEE tuss D] Al A
7tazh dojutr] el 2 stnzzle] wel A44LE, 2AE 2 AR, tEse, U Wi} d2a 429
FFE HEA %L v|WS ot} 27wk stxE silane 7} linear low density polyehylene( LLDPE)e-
AAo] HAEAA MM 3] stankgo] Aol wfe} DSColA 24 44 w]=7t A=A wgten, AFAssbd 253
7haL sited] AR} da @Al o AYLFLET} ol e AFL Yehfgich

Abstract: The silane crosslinking method was applied for the crosslinking of polyethylene ( PE). Crosslinking of PE
was performed by, first grafting vinyltrimethoxysilane (VIMOS) to the main chain of PE using an extruder at 200~
210°C, followed by exposure to three different silane crosslinking conditions (1. immersed in 80°C water, 2. at 80°C air
forced convection oven, 3. exposed to air at room temperature). The thermal characteristic changes of PE resins with
respect to the silane crosslinking conditions were studied by measuring the crystalline melting temperature, density and
crosslinking reaction rate. Because silane crosslinking was carried out at solid state, crystalline melting temperature,
crystallinity, crystal growth rate, crosslinking reaction rate and the change in the density of silane crosslinked PE were
affected by crosslinking condition and the type of base resin. The properties of silane crosslinked PE were different
from those of peroxide crosslinked PE which was crosslinked at the molten state. It was found, from the result of DSC
analysis, that silane crosslinked linear low density polyethylene{ LLDPE) crosslinked at room temperature had no secon-
dary melting peak because the crosslinking reaction proceeds slowly as the crystalline grows. After crystallization, the
melting point of PE was lowered by crystalline interruption of crosslinked site.
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2 ArdAe ZedAd $£A F linear low
density polyethylene{ LLDPE)S ZAlo 2  AlgAl
A Wyo® glane 7t2E Pstgor 4 2 st
ZR4 B2 7tEEE A%, 7tafA ke oA
t AR4% &5 93 5L 5459 silane 7t
Zejo Ao A8 slazAdd wE 54 W}
£ AEsto B}

24 H

2.1. Al gl 7)7]

¥ A AHE PE $x+ &L side chaing
7}A gjEA LLDPE 3%3 Hx7} oha @&
High Density PE(HDPE) 1£¢|v 7 E4J-& Table
1ol A8k}, 712 4219 blende= LLDPE$}
HDPEE 24 50/50 v|2 &23ajA ARt

7)e} H7}A1Z= vinyltrimethoxysilane({ VTMOS),
di-cumyl peroxide( DCP), di-n-butyltin di-laurate
(DBTDL)®} hindred phenol” At3} WA|AE A}&
stglonl o]52 Table 29 Zon 7)Rujgto 24
VIMOS 1.8 phr, DCP 0.09 phr, DBTDL 0.05 phr
£ 71E3Hodth

2 AR AHed 717124, Extruders Haake
Rheocord 90, A 9}4 ~#Ezl= Perkin-Elmer IR-
598, 48-4#AA+ Dupont DSC-901, E&Ad=
Sartorius Densimeter AC-210S 5-& AM4-3v}.

Table 1. Physical Parameter of Tested Polyethyl-
enes

Physical PE-LLD PE-HD
Parameter LLDlI LLD2 LLD3 HD

Density(g/cm’) 0920 0919 0919 0941

MFI
2.16/190( g/10min) 0.7 1.0 09 0.3

DSC Ta(C) 114 115 122 126
Crystallinity( %) 47 48 44 67

M.{ g/mol) 130,000 150,000 140,000 186,000
MWD 14 6 6 16
7 7 7 2
Comonomer( % ) (Butene) (Butene) (Butene) (Butene)
OIT 200°C
1SO( min) 148 19 20 23
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2.2. Silane 7|11

2 A4 #3 7t A& Fig 1o =484
o,

%4 PE4| VIMOS 1.8phr, DCP 0.09phr, DBTDL
0.05phr3} Atspkz| A<l Irganox 1010¢ H3 &
Vel 288 3, otEe 94 silaned 22T E 4]
7 e AEZ A2F F 24, Hot air, A-2d7
7t s g Pt

2.3. 24 NY

7t ZA%E PEY gel ¥+&2 ASTM D 2765-68
9 gojFEge® =43t Immx1mmX1lmm
2719 k2" A1E 0.300+0.015g2 120mesh
stainless steel@ol ¥, xylene WellA 12417 ¥
ok &% % 100°C9 AF ovenWldlA 1243 F

Table 2. Ingredients and their Descriptions

Ingredient Formula and Nomenclature — Maker
VIMOS CH,=CH—Si( OCHs);

KBM-1003  Vinyltrimethoxy silane ~ S1inetst
CH; CH,
| |
~C-0-0-C—
| | Nippon
DCP CH, CH:  petrochmical
Dicumy Peroxide
C(CHs)s
0
I
HO- —CHCH,COCH; C
C(CHs)s 4
Antioxidant  Tetrakis] methylene-3 Cibageogy
Irganox (3,5-di-t-butyl-4-hydroxy
1010 -phenyl )propionate]
0
|
CHy(CH,)s 0—C—(CH):«CH;
Sn
CHi(CH.)s 0—C—(CH.),.CH;
0]
[
D?:IBL Dibutylitin dilaurate DABCO

48, A54 A635, 1994

b AZXA 2 A BBo2HH gel &S T
Ao, gel 2-&3te W Fe} AFoE Fyct
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Fig. 1. Schematic diagram of experimental proce-
dure.
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Fig. 2. Schematic diagram of experimental proce-
dure.
(A) VIMOS
B) PE—-LLD3
C) Silane Grafted PE-LLD3
D) Silane XLPE-LLD3(at 80°C water for
4 hrs)
(E) Silane XLPE-LLD3(at 80°C water for
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3.2. Silane J2}ZE PES| HXEM

Zelo Ao A9 silane 22tz ENN-9] AHLE
EA3} JzE dhoxg) &7} ofd d%g v
A dolry] ¢Jal DSCol & 845} u]F4
& &qdct.

Fig. 4= PE-LLD3¢} VIMOSE a8tz &e3¥ PE-
LLD3¢ DSC 4984 A3E wlzg ZHdd
VIMOSE 2tz e PE-LLD39 7$-(Fig. 4B),
449 AeeA 2ezeR VIMOSY A&l 2A
82 waaA s 2AEF 257} 2TE HA
9o PE-LLD3¢ ZAAL§Lm(2% scan; Fig
4A) Bt} o 3C @& 54 Yeht glen ZA
7} ol A At oF 0.006 A vehtz 9t

Fig. 5& VIMOSZ 22tzed PE-LLD1¢] %v)
5o @& DSC ¥¥H HH}E wag Heold,
DBTDL v} 0.05%7} ¥94€ VIMOS 22=Ed
PE-LLDI1(Fig. 5B)« silane 7}272 5 Ao 2
A Zoj7} 48R ok AR A7t THe AHE
¥ 932E& vehdch(Table 3 #2).
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Fig. 3. Comparison of cure kinetics of silane
XLPE by hot-set test.
(A) PE-LLD3
(B) PE-LLD3+HD(50/50)
(C) PE-HD

Tdstsh, A5 A A63, 1994
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g. 4. Effect of VIMOS grafting on DSC curve.
(A) PE-LLD3(2nd scan)
Density: 0.919
(B) VIMOS grafted PE-LLD3
Density: 0.913
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Fig. 5. Effect of catalyst on silane grafted PE-
LLDIL.
(A) Nocat. (B) With0.05% cat.
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3.3.1. Zofe] 4%

80°C 434 20Xz silane 7}3¥ PE-LLD12
2 Zuje $5 BE THEL Table 304 w2
W&ok B4HA e At doid gl 2E
(F}L5)e 05%2 silane 7hanlgo] M2 A
A e AL ¢ 4 Aor AR4§LE(DSC) 2

Table 3. Physical Properties of Silane XLPE-LLD1
with and without Cat; Crosslinked in

Water(80°C x 20hrs)
Properties No cat. (‘ng:s:)
Gel Content( % ) 05 56.4
Tensile Strength( kg/min’) 1.0 18
Elongation( % ) 660 570
After aging | T/S(kg/min®) 0.55 1.44
(136°C x7days)| E/L(%) 693 5415

Endotherm <« Q — Exotherm
%

1 1 1 1 1 1

0 20 4

1

Temperature( °C )

Fig. 6. Comparison of DSC curves for silane XLPE.

(A) Crosslinked in air oven at 80°C for 4hrs
(LLD3, gel% 65)

(B) Crosslinked in water at 80°C for 4hrs
(LLD3, gel% 73)

(C) Crosslinked to air at room temp. for a
month( LLD3, gel % 72; 2nd-scan)

(D) Crosslinked to air at room temp. for a
month( HD, gel % 52; 2nd-scan)

Density( g/cc)

l i 1
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&o) ATgo M uiAAIGNA 2L AAe] AN
g 7FsAe] ), olAe] 23 4-§7AE Jehdrix
Aztsjol e}, &, A4 & & d7)kA sLaAlg
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= 24 24§ Hae JehtA st

ol 71 silane 7}A|, AAHEY AAe]
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AYsez A} AR AT 4A Aujd
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Fig. 7. Changes of density vs. exposed time of silane
grafted PE-LLD3 samples were exposed to
air at room temp. and density was measured
at 23°C.

J. of Korean Ind. & Eng. Chemistry, Vol.5, No.6, 1994



1042 £3A - HA=E

FARAIZY Zobe] o WEE} AFoRE HAg
4 9lsith. = Fig. 6BollAl £% 04 7hagt PES 2
2 AALELE} o e LEA Yehted o]
Loylads Z7)e) & Mc( Molecular Weight be-
tween Crosslinks)e] zjele] o3t 7oz F3Kir}.
§4, Fig. 6C9} DellA & & A& o7 7tas
PE-LLD3% PE-HD® 24 scanA] 244457}
wolAld] ole 44 % AA Ay FAAe 2
g3 sl sites) A3 whal bl o8 vehdcot
3 AzbE oA,

4.2 B

Silane 7}2Z2A(80°C &4, 80°C air oven, ©7]
ux) ol w2 JHEA wile] oigh B 7] AE
& o83z

1. Zejojadde Silane 7tk gtE7)eA
200~210C 4452 uhgst&sie Zejddd 5
Aol VIMOSE I2zEA7le whg, B o

uk
V”IMOSE}%ﬂ‘*ﬂH—J b 2 Eghubsad], IR
¢ ol4dte] 1w AS A 4 Ut

2. Aet) 7]Bl;<] silane 7} A] LLDPEY] silane
sbanks 4570 ARssl 3 EARL AL
HDPE B} whg 7& Hot-set A1&S §3le gal
& % 9l9led, LLDPEs} HDPEY 53 EH=%
o whs4 5= LLDPE &A4d) ©f A 9% dbo}
gAde & sl

3. Zejo Al Fol zefzed VIMOSE 4
Aefol A Ze]ofAale] AAsE et A Hol e
ﬂl%i’—,ﬂiﬂ AREE TaAle AE FAT 5

1, 80CNA 7t2¥ LLDPE: 24 ZA 4§ H=a

7} A= i, 9 gel 288 7HA AEd7]
w3z 7}7% silane 7}3 LLDPE: 4§ =37} 7
o] A=A st} ol WA A AAAAF
3 A mAAe N AAE] slaukgo] 3=

Ao 7]d¥ e Ag & F ddled, drwA s}
AEE ANAAS A7) F DSCelA A scan 3t4 4
e 7hE sitee] A3} wha) bl o AALE
257} RobAA #e o 5 U

BnEH

1. J. M. Charrier, “Polymeric Materials and Pro-

4383, 454 463, 1994

10.
11.

12.
13.

14.

15.

16.

17. 10

18.

19.
20.

21.

22.
23.

24.

cessing”, Hanser, 62(1991).

. H. Saechtling, “Plastics Handbook”, Hanser, 9

(1987).

. M Chanda and S. K. Roy, “Plastics Technology

Handbook”, 34(1987).

CAMKE, “Felel WAl HR”, Kk EK(1976).
. M G. Vornokov, V. P. Mileshkevich, and Y. A.

Yuzhelevkii, “The Siloxane Bond”, Consultants
Breau, 20(1978).

. D. V. Rosato and D. V. Rosato, “Plastics Pro-

cessing Data Handbook”, Van Nostrand

Reinhold, 9(1990).

. G. Socrates, “Infrared Characteristic Group

Frequencies”, John Wiley & Sons, 126(1980).

. B. Tomas and M. Bowreg, Wire J., May, 88

(1977)

. D. ]. Bullen, G. Capaccio, and C. J. Frye, Brit-

ish Polym. J. 21, 117(1989).
C. Currat, Wire J., June, 60(1984).
S. Ultsch and H. G. Fritz, Kunststoffe 79, 1051
{1989).
B. Topcik, Rubber & Plastics News, 14(1990).
B. Stohrer, H. Kurrer, R. Stengler, and G. Weis,
Kunststoffe 79, 1165(1989).
L Kelnar and M Schatz, J. Appl. Polym. Sci., 48,
669(1993).
V. R. Land and E. K. Easterblook, Polym. Eng.
Sci., 18, 1135(1978).
STFED, “HERE v F T L7, K, 55
(1983)

TE=, £THS, “FHEE NV FT7V77, K
i, 18(1981).
BT, “BUBE® v PV K,
190(1978).
Robert Bloor, Plast. Technol., Feb., 83(1981).
H. G. Scott and J. F. Humphries, Mod. Plast.,
50, 82(1973).
Sumitomo Bakelite Co., Ltd., The World Elec-
trotechnical Congress, Jun.(1977).
U. P. Hochstrasser, Wire Asia, Jun.(1985).
M Narkis, A. Tzur, and A. Vaxman, Polym.
Eng. Sci. 25, 857(1985).
I O. Salyer and J. E. Davison, J. Appl. Polym.



Silane 7} PES] 712 Zx 7o) @& FAEA wsld #3 QT+ 1043

Sei., 28, 2903(1983).
25. A. Yamada, Y. Shiokaramatsu, and S. Yamashi-

ta, Makromol. Chem., 186, 2275(1985 ).

J. of Korean Ind. & Eng. Chemistry, Vol.5, No.6, 1994



