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ey &

¥4 Si0, BT 105 CHUART T4 3~4 h, DIBREK
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r/min, YPRIHLE:E HE I E N 300 r/min, 10 BRI E
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IR, B S R A ok B AL I 4% 75 2] LLDPE/ It 2 I
Jiie 3 5 (43 9] v 44 & LLDPE/ 3¥-0.10%, LLDPE/
F¥ =0.15%, LLDPE/ 3% -0.20%, LLDPE/ JF -0.25% )
J LLDPE/SIO,/ Fv FR Pt M i i ( 435l iy 44 i LLDPE/
Si0,/ 7¥-0.10%, LLDPE/SiO,/ 7¥-0.15%, LLDPE/SiO,/
7+-0.20%, LLDPE/SiO,/ 77-0.25% ) . #R& 4l LLDPE/
Si0,/ I7 & Wt e BRR b I B2 Wt e 5 Si0, 1Y LL i, i
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0.496% o F4EAL il B T2 VAt h ISR PR EE (-10
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FE 10 cm x 10 em AYFERRAE Y Mk 5.4 kg (B fr
PLARIEURE 22 21 7 kPa 93 5] i, A BLAR T
(50 £2) CHMTIRFENMGE 24 h, Z58 58T 7 far i
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Fig.1 SEM images and EDS analysis of LLDPE/SiO,/erucamide
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Fig.2 DSC curves of LLDPE and LLDPE/SiO,/erucamide masterbatch
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Table 1 Friction coefficient and anti-blocking property of
the film stored for 24 h at 25 C

FE JERE jum o I 1
LLDPE 3.0 0.607  0.688 2%, M
LLDPE/ 7% -0.10% 300 0195 0.184 R
LLDPE/ 7t -0.15% 29.7 0.126  0.067 It
LLDPE/ 7t -0.20% 30.0 0.112  0.046 I
LLDPE/ 4+ -0.25% 31.0 0.101  0.046 It
LLDPE/SIiO)/ ¥ =0.10%  29.7  0.063  0.041 I
LLDPE/SIiO)/ ¥ —0.15%  29.8  0.062  0.038 I
LLDPE/SIiO,/ ¥ —0.20%  31.3  0.059  0.038 it
LLDPE/SiO,/ JF -0.25% 303 0.058  0.035 i

eI DM =W st O3 1/ WA N
AL, STRRMERE °T LA B Hh P AIC LLDPE 38511 20
FREEIR R, #E 25 CF, BT SiO, Srmmydgm,
FEERE SR Y g o S TR, TR0 S1Oy/ ST BRI 2
GBI A] RS / R R, AL B
KL FF T4

H¢ 2 AT, 7EARIRPREE T AU iRmere, H
Bl / WREEAE R ORI, U Sio, I H R Y i
B R A RS M . IR RS (L3R 1) AL,
SiO,/ ST MR WERE S A 1 IR R AR~ 30 B
MBI, BARIRAE/ N T 5%,

K2 WV CTHRF4h FEENERRABRAFOM
Table 2 Friction coefficient and anti-blocking property of
the film stored for 24 h at =10 C

REbh JEE am g I JF Ak
LLDPE 31.3 0.475 0.480 2=, %

LLDPE/ 7% —0.10% 31.0 0.340 0.184
LLDPE/ 7% -0.15% 29.7 0.153 0.104
LLDPE/ 5% —0.20% 29.7 0.128 0.054
LLDPE/ 7t -0.25% 30.0 0.097  0.034
LLDPE/SiO,/ 4% -0.10%  31.6 0.065 0.043
LLDPE/SiO,/ 4F -0.15%  31.7 0.062 0.042
LLDPE/SiO,/ 4% -0.20%  31.0 0.058 0.039
LLDPE/SiOy/ 4% -0.25%  30.7 0.056 0.035
®3I SOCTRF4LFEHEMERRAZRAFOM
Table 3 Friction coefficient and anti-blocking property of
the film stored for 24 h at 50 °C

Fasgzazaw

b JEFE /um A Hy JFavE

LLDPE 31.3 1.407  0.802 2=, K&

LLDPE/ 3% -0.10% 303 - - 2, Hii&

LLDPE/ 3% -0.15% 313 - - 22, Hii%

LLDPE/ 3 -0.20% 313 - - 22, Hhii%

LLDPE/ 3 -0.25% 31.0 - - 22, Hhii%
LLDPE/SiOy/ 7F =0.10%  31.7 0.082  0.052 Iy
LLDPE/SiOy/ 77 -0.15%  31.7 0.072  0.040 Iy
LLDPE/SiOy/ 4F -0.20%  30.0 0.061  0.036 I
LLDPE/SiOy/ 5+ -0.25%  30.3 0.052  0.030 It

Fl PRI (50 °C) AIE— 2D s T B e (4 1T
¥, DR BRI DR s . i 3 al o,
TR ST IR R B AT, R A
W Hor FHEZ AN g Y, S BOE R Z A7 15
PR i, WS D e B R AT . DAL
ACAS I RRTSE R T 11 R 21 / B 5 AR Ok D
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Wt AR IL (Si—OH ) 577 B2 Mk iz it ok i 3k
(—CONH, ) JE BB, 7E—E R E3 1o
TRk ERS . T, TR LR AN Sio, JT
FU5R) Bs fin— 843 31 A 0.1%~0.2% A1 0.1%~0.3%
FELLERINGEE T, SiOy/ ST MR A TF 1 A R i) 2
IR R AT

a4 -10CTREFISIFEENERRABREFOM
Table 4 Friction coefficient and anti-blocking property of

the film stored for 15 d at —10 °C

FE JERE jum 10, JF 4
LLDPE 31.3 0.463 0476 2=, K%
LLDPE/ 4t -0.10% 30.3 0292 0310 =4
LLDPE/ 4t -0.15% 313 0.134  0.085 Iy
LLDPE/ 4t -0.20% 313 0.130  0.069 Iy
LLDPE/ JF -0.25% 31.0 0.123  0.068 i
LLDPE/SiOy JF -0.10%  30.7 0.072  0.048 I
LLDPE/SiOy/ ¥ —0.15%  31.3 0.061  0.046 pas
LLDPE/SiOy/ J¥ —0.20%  31.0 0.060  0.042 Jas
LLDPE/SiO,/ 5% -0.25%  30.7 0.056  0.031 s

M 4 9] LIF H, LLDPE/ JF -0.10% #1 LLDPE/
IF —0.20% VIETE —10 CTHE(F 15 d JF BRI R AL
47 24 h J5 194K, 1 LLDPE/ 7% —0.20% #1 LLDPE/
IT —0.25% VIR Y EEAE R BCH Firde i, X TR
IR T T BRI R i & F AN R S O R i 22 5%
TSN Si0, 5 FF FUBCR AT, SRR A 1 2 - A
M4, Uil LLDPE/SIO,/ It I Pk i v 5 6 1% 7k 1< Bisf
[ fEAF T (A3l / R EE AR R AT LA 2 1 A5 oK o

x5 S0 CTHEIIFEEMNERRBREFOM

Table 5 Friction coefficient and anti-blocking property of

the film stored for 3 d at 50 C

FE S JERE jum p, 1y JF
LLDPE 30.3 1.831 1194 2, FkhiE
LLDPE/ 3% -0.10% 303 - - %, EkiE
LLDPE/ 7f -0.15% 313 - - %, ki
LLDPE/ 7F -0.20% 31.3 - - %, mEkiE
LLDPE/ 7f -0.25% 31.0 - - 25, kg
LLDPE/SiOy/ JF —0.10%  30.3  0.143  0.082 i
LLDPE/SiOy/ JF —0.15%  31.0  0.111  0.069 Iy
LLDPE/SiOy/ JF —0.20%  30.7  0.097  0.066 i
LLDPE/SiOy/ JF —0.25%  30.3  0.094  0.064 it

M1 5 AR, AR INST B2 e 1 577 i) LLDPE
WIWEAE SO CNAfAE3 dJn, BWEmEKERE;
Si0, & A I H A R FIARIR AT o T R DR R 7 i i
7 0.10% F1 Si0, BNk 0.199% M, FHah / i
FEERBU/NT 0.2, KRR T ddty, Xab—ii
B Si0,/ IR I I 52 45 T 150 22 A K st 1] 7oy R P8
T EAR e,

% 6 MEAUARHERREE N WY 3l / TR R A
fb. B 6 AIAL, U SiO, Ji, R4S AE 1E K i)
it T LA I D PERE

F6 25 CTHEISIEEEMNEBRRZRAFOM
Table 6 Friction coefficient and anti-blocking property of

the film stored for 15 d at 25 °C

FE& JERE jum p e JF 1
LLDPE 30,0 0796 0.563 2, EkiiE
LLDPE/ 5F -0.10% 30.3 - - 2%, g
LLDPE/ 3 -0.15% 313 - - 2, FME
LLDPE/ 4% -0.20% 31.3 - -, g
LLDPE/ 7% -0.25% 31.0 - - 2, g
LLDPE/SiOy/ 7F -0.10%  30.3  0.074  0.053 it
LLDPE/SiO,/ 7+ -0.15%  30.7 0.073  0.053 I
LLDPE/SiOy/ ¥ -0.20%  30.0  0.072  0.051 i
LLDPE/SiO,/ 7+ -0.25%  30.3 0.071  0.050 I

LR AR 1~6 AT AL, TEST BRI IE & 5 R 0.10%.
Si0, 7 & 0.199% If, LLDPE 38 5 % B8 48 1 fi
WA I, B u (B p BI/NT 0.2 SiOy/ JT R
i A TF PR R T RE ™ AR B i Rl H
FEEME R E LT IR — TR DR R (FRAIRTE
AR T ), AFA RS 1Y
34 BRE/ ZESWH

BHRNSE B Sl F R b i R AR PO
B 1 3 AT, ST Rt 5 Si0, 1Y i A Xt LLDPE
1 33 Y R ILF- o g (3B 6 R PR R R 92.1%~
93.4% ) , KR RS HA R SE G I O FIA L,
SiO, Mt (147) H4EiE LLDPE /9 (1.51) "2,
Pl LLDPE/SiO,/ 7F —0.15% 7 [ F1 LLDPE 3 i
B, tFIFERBEIE AN Si0, 2Lk & AT E, Sk
LLDPE/SiOy/ JF —0.15% 7 I 11 55 & {E B K. #E -10
CHY, WIREZE BT 1%, X fE= R R Ko
B CUREE” GG R TR ESE B T
FESEIE 0 CHY, 25 BEAERE IR AR, Bl s 25 (R Rl
FER T i B R R0, R PR R T R S TR

-30 -



[]E PEZF, =
ETFRE SKEXT Si0,/ FERELIR S S o4 LLDPE IR 3E B O 1EaERI SN

bt # 51 LLDPE 6, 5% 76RO #2.
g Bk, 1EFH R 2 BOR 0.15% BT IR ik i A
0.298% (1 SiO, 1f My #1157, Hiifil % 1) LLDPE/
Si0,/ IF ~0.15% M HA e AAEMERE

100 20
—— LLDPE;
—t—LLDPE;
—— LLDPE/SiO /3t
95 —o— LLDPE/SiO /5t .
) 16
° ?W B
< =
3 oot B
& o
/ 12
B \::"’“/
|
L L L L L L L 8
10 0 10 20 30 40 50
iz

3 BEREMEESAE EEHXMW
Fig. 3 [Effects of storage temperature on the light
transmittance/cloudiness of films
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Ft, He g Tl g 32 LLDPE S ARAYEIFEAE T 90% LU L
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Highly Efficient Silica Anti-Blocking Aids for PE and PP

Effects of Storage Temperature and Time on the Slick Anti-Blocking Property of
S10,/Oleamide Composite Modified LLDPE Films

DENG Zuhao', XIA Shuangl , SHIPu', WANG Fangke2 , MIU Xingxing2

(1. School of Packaging Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Fujian Yuanxiang New Materials Co., Ltd., Shaowu Fujian 354099, China )

Abstract: In response to the degradation of slip and anti-blocking properties in linear low-density polyethylene
(LLDPE) films under high-temperature or long-term storage conditions, LLDPE/erucamide and LLDPE/Si0O,/
erucamide masterbatches were prepared via twin-screw extrusion. Films with varying proportions of SiO, and
erucamide were produced using the blown film process. The effects of different storage temperatures and durations
on the slip/anti-blocking performance and optical properties of the films were systematically investigated. The results
demonstrate that erucamide alone significantly reduces the static (k) and kinetic friction coefficients (w,) of LLDPE
films. Moreover, the SiO,-erucamide composite system exhibits a notable synergistic effect, effectively mitigating
the decline in anti-blocking performance under extreme temperature or prolonged storage conditions. When the SiO,
content is 0.199%, the films exhibit excellent slip performance and reliable anti-blocking property across a broad
temperature range (=10, 25, 50 °C ). The SiO, particles are uniformly dispersed in both the masterbatch and the resulting
films, serving as nucleating agents for LLDPE and contributing to the long-term stability of the slip and anti-blocking
performance.

Keywords: linear low-density polyethylene; silica; erucamide; opening agent; slip and anti-blocking property
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