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Effect of Hardness of Polypropylene Layer on Friction
Coefficient Stability of Soft-pack Aluminum-plastic Film

Ting Zhu
Shanghai Enju New Material Technology Co., Ltd., Shanghai, 200120, China

Abstract

Aluminum-plastic films containing different hot-sealed polypropylene layers were prepared through multi-layer co-extrusion and
film-coating processes. A fixed proportion of slip agents was added to the hot-sealed polypropylene layer to ensure the prepared
aluminum-plastic films possess excellent formability and processability. The hardness of the hot-sealed polypropylene layer was
tested using a nanoindentation instrument, while the friction coefficient of the surface of the hot-sealed polypropylene layer was
measured with a friction coefficient tester to investigate the impact of hardness on initial friction coefficient. Simultaneously, the
prepared aluminum-plastic film rolls were stored in four different temperature test chambers at-5°C, 25°C, 40°C, and 60°C. The
friction coefficient of the surface of the hot-sealed polypropylene layer after storage was tested using a friction coefficient tester
to examine the effect of hardness on friction coefficient stability. The results indicate that the higher the hardness of the hot-sealed
polypropylene layer, the lower the initial friction coefficient, and the better the stability of the friction coefficient.

Keywords
Heat-sealed polyethylene; Slip agent; Friction coefficient; Hardness

AR E AN ER G ENEEN ER A NS E TR

DI

N

g BEEF AR AR, E - ki 200120
=

Wit S EEFHBR L LRGSR RRAAHRAEG EBBEE, AFR AR TR B RS 6 JIF A, DARIEFTH) &7 49
B RATH AR A S An T, A A 48 R R JR AR K 48 R L 04 Fh IR R B 0 B, R R R A BOBUm] 3K 48 R B A
HRE A AT ERERH, AF RRE A4 B A R e, BT R &7 00 s AAE E T-5°C, 25°C, 40°C,
60°C eI AR LB L iXIe 4 PR E, AR EHE R BN XRE B 0948 IR A R A B R oy B3 A4k, F R B &
BREEG Y, BRET, RIRAEEGREMS, WIEEH REGIK, B AR TBMIT,

e 40
AHEHROH; BN, BHAK R

13| MR Z R FRILEIF RS R E b A

HET, AT HBCERN IR A S SRR AU GRES,
FS 2 S T ek 8 57 =0, Horh, IVl e B
Brefls s, RIFORGaEEAbEkag g, oot
EA KA, AR T IR R LRI

S R T L B MO, e
SRR, YN — B B A RS
RO AR, P SEMRAIBE . BRI
BE G A TRREERRORRE SRR, T e o g Ao DR T R
SERIPISNE EETATIINR, DS, BEIER  pocps ot s e
EREEE R . ARSI R R IR o TR . b5 b ST AL
/ﬁﬂﬂﬁﬁ@ﬁiﬁ?@(’%ﬂ— Eﬁﬁﬁﬁ#\:(ﬁﬁ ~ Wé’%ﬁ N Elcﬁ ~ l%*ﬁ s }J\ﬁ%@(%ﬁﬁﬁ%%ﬁ E/J@T%@%é&tﬂ@m%ﬂ [7-5‘]O ﬁ*g}:ﬂ’t%}g?ﬁ,
HSRERNIGE EAMIBLUFELGILE, SE5UMER ik Tormm R e, R I v RE, DU
SMREEERIE . I U, AR RO FETR S R
(EEET] KT (1990—) , X, PELDEIA, T bR R eSS —RE, ot g RFRERE
T, THIB, MBAMRHES T, HIAET IR P 2 BRI RS R B O B TR, DATE

17



MRRZESMARA - $05% - $£ 018 - 2026 £02 A

BRI GS R NG B ST ) .

2 LWES

21 ERRE&

PP 1# ( = o R T EE N 4, 28MFR=5g/10min ) .
PP 2# ( = 0 ALK TN MG, SOMFR=7g/10min) . PP 3#
( ZTC TR, 39MFR=10g/10min ) . 3&GEH] (&
A 12% HEEHAITERBI O = U BRI A G EERL) « D%
PR RE R O SR N s ( MFR=5g/10min ) . 5 HIbRIRA &
BERCERUN (2296 MXD-02) | 4K IR (fi&ss) | Bk
HEIRIEHH (ESPEC) .
2.2 Mkl E

PN HIR: SEIENERN 40 ek, ERE
FEA 15 fick, TR —HERZ —BRIIEE 12 ok, KR
SERIRSTEN S A S L, SR SRS TR R R IR R
TRk 5 e AR R 75 — iR 2~ BE T TR E & o

BOHUbRAEL . 43 BI% PP 1#. PP 2#., PP 3# S8 A
O 99:1 IR, FEMBIR I AkHE, B EET
5 A L R ER AT Mo TR A, i AR BT AL
B R AREILET, A FR BRI, BRHIER
. EoREREF RIS SR NI SR B #E 2 fil, PP 1#. PP
2#. PP 3# 2 BITE AR AE R NIGE . D BIHI&E AR

B ERANE 14, FERYENE o FEYBIE 34,
2.3 PEEEMi
RN EE A A BN B RIS BRI

(TD=63mm, MD=103mm ) , 5~/ (TD=100mm, MD=
200mm) , FEROREPERE, TREE, EREEEER L,
FERRH P ) 100mm/min, JEFTEEA 100mm, HEaE L,
AR REIR N IR E SR TRINIG EAE L, 3EUN
EBEE ABOUE, FHEREIERSNE PET S59MN2 PET AHEEE
2, SN ANEE.

PR EIRAERE IR KRR E SR E £, REER
WiGEEH F, RAHIE=fA%E% Berkovich 5k, i FHZESN]
i CSM X b T, FEINZERAT S 10mN, JRAEDHH %
220HZ, #RUE 2nm, EIN# 40s, DUKEUS K AGRE S40
K EIRAEE

3 LR
3.1 AHRARGEEHNAREREENE

B, RIRTTEIENE 14, FEIERR 2#, BEEEHE 3# A
HENHE PR ERE A TIE, b, R - R
nE 1 R, hREERNE 1 o, MIUREERASH, Bt
& H = MR R BRI 2 AORE R/ N A PP 2# >
PP 3# > PP 1#.

160 -

140

W (MPa)

PP 2#

40 PP 3%
20 PP 18
0.I0 0.15 l‘IO l,l5 2.10 2.I5 3,I0 3.I5
HE (um)
1 AHBEREENEE - REHLE
F1AHBRABENRAENRESEENRXER
FRA PERNIE PP 7 MFR ( g/10min ) AR A pm {E#E MPa
FRYAf 14 PP 1# =LA 5 3.78 28
FRYANE 24 PP 2# —ILA 7 2.88 50
FRAI 34 PP 3# =LA 10 3.25 39

3.2 AHBEREENTEEXVBERREHZ N

2 RIAF IRV 2 R IE RO SR EBIR N 2 B 1) 45 R 2
RSN . MRIEZRAR IR O T TR PN M 2 A B2 9 UK
L5, A 1 5% 1 oK, CABEERANA: PP 2# > PP
3# > PP 1#, MUBEHEABINESR, aILUSH, 72N

18

FEFOMRSEREMAANELT, PP MR, HE
T RIAEE R o — ORI, TEASREIERI TR
WE, MEREEAE<03, RIGEMLREE TZMTK.
R, $EYBIENE Ik e i) PP AORE RS UL SE, BEEE < 50
¥l



MRRZEENAEA - £05% - £ 01H - 2026 £ 02 A

03

0.25

02 F

015 |

01 F

0.05 |
0

PP 1# PP 38

JE J5 A

PP 24

2 P TR TR G = HOE FE X A R EE 1 2 B 2 )

3.3 MEBRIGEREE X EE R MR E RN
AR RS SN IR P I R ) R K SRR R N 2 R 2
AEIFAE RSN, FERTHI SR = AR,
¥, FRYAIE 2# . FROBIE 34 (BREBIEITE -5°C 25°C.
40°C ., 60°CPUMNREINFAEN, (FHIRIN 60d () o 7

0.9

BOWE, 7255 1d. 3d. 7d. 14d. 30d, 2% 60d, FRESM
TN B TR A RO , IE 2 SRl ani&El 3 & 4,
5 PR, B 0d ORI A BARIWEE R 250, MIEI 318,
FRAARE 1# (ORER WIS E R, 5 28MPa, HNE
FEM B AR E . 75 25°CRIPRERE (R 14d
G, BEEIZE> 03, /B 40°CHIPMERE R 60d J5,
R AR EIEE S 0.7 DL L. IR TR S . 7
OB, SIS IR AR,

MIE 4154, FEIBIE 3# MRAEH RN IR Z ORE L EL SRR
HE 1# I8, O 39MPa, LN Z SRR A BT E AR
S TEEVARE 1# I8, 1F 25 CRIMBHE R AR 60d J5, B
FF0 =03, T 40°CRMETIRERE 60d J5, EEEL AL
TE 0.4-0.5 JEEEIN, ZEER BALTE930E 14 5.

MIE S 13, $EIBIE 2# HORAEN RN I 2 ORE L AR = Fp
IR T R E KK, IAE] 50MPa, HNE FHEEER
AR E AR = PR RN b R L. 7F 60°CHIINIRIR
FECRE 60d Jo, BEEEAEINIAIG A 0.3,

08
07 F
06
ﬁ 05 F
;‘L‘: 04 F
03
0.2

0.1

0.0

0d |———
1d [e——
3d
7d

S 14d —
30d
60d ——
0d S—
1d —
3d [—
7d ——
14d —
30d —————

by
a

25°C

Fd |
14d

30d
60d

1d
ee___|

Od | —

1d |—

3d

7d |
14d | ———

0d S—

30d I

60d

60d |

40°C 60°C

B 3 $REEME 1# AHRRGEENEZREMRE. HiEgm

0.9

08
07
06 F
W& 05 f
& 04
03 r
0.2

01

0.0

0c —
1 | —

3d | —
7d —
14d | —
30d —
60d —
Ocl | E—

1d | —
3d | —
7d | —
14d | —

25°C

30d | —

60d

Oc | —

1d ——

3d | —

7d | —

14d | ——
300 |
60d |
0d | e—

1d | ——

3d | —

7d |
14d |
30d  E—
60d ———

40°C 60°C

4 $R880 3¢ AHRABEMERREGRE. HENKMN

19



MRRZESMARA - $05% - $£ 018 - 2026 £02 A

0.2
0.0
T T ETITEITTETTEE
o = m ~ S 2o A m~
— ™ D —

4 F5°C 25°C

30c |—
60c  T——

Od |m—

1d |e—

3d | —
7d | —
14d | —
30d | —
60c | E—

)
™~

60°C

Od |mmm

1d | —

3d | —
14c | —
30d | E—
60d | ——

40°C

5 $REAE 24 RERANGEENEZRRYMERE. HERNMm

4 £51F

SR, RN E ISR GZ N ER RS PP
AORE S B HROCTE, ERIERIIE IR PR 5 & 5
AIEE N, PP HUIEREE S, RESRISHEURM B AL, [T,
4 PP (UREEAE 28-50MPa YU N, $REIRISIRT 0.3 /KF
MOBERE A, (R4 -59C. 25°C. 40°C. 60°CHIBREEIRE
MOPRE TG, A ERERIRN AR AR B A B TIE
15, 24 PP HNERSES;, HARTH B AR EE I R L Y
e, EASRERERE; Mk, (B4 PP MR, H
R B AL HeE, TREMERE.

S22 Lk
[1] BiEf, 28, ZER. SEFRGHRIT O AR R

JR7 LI Yk, 2017 (3) & 19-22.

[2] ZILLES J U. Anti-Block Additives[J]. Food Hydrocolloids,
2014,23(9):1-11.
[3] (EWRIE. TFH SRR IR Z ik i R[], 4Rk

T, 2017, 46 (1) : 173-176.

[4] XS, o BT SR RIS 5 Tl R TR R R AR O 52 i ],

20

[3]

[6]

(7

(8]

91

ARG, 2012, 45 (12) @ 49-51.

ZILLESJU.Anti-Block Additives[J].Food Hydrocolloids,
2014,23(9):1-11.

LUYIMA A, CUI W, HECKMAN C, et al. Examination of
copper electrowinning smoothing agents. Part IV: Nucleation and
growth of copper on stainless steel[J]. Minerals Metallurgical
Processing, 2016,33(1):39-46.

CHEN J C, LIJ S, HUT, et al. Fundamental study of
erucamide used as a slip agent [J], Journal of Vacuum Science &
Technology A, 2007,25(4):886-892.

DULAL N, SHANKS R, GENGENBACH T, et al. Slip-
additive migration, surface morphology, and performance on
injection moulded high-density polyethylene closures[J]. Journal of
Colloid and Interface Sciences, 2017, 507:537-545.

DULAL N, SHANKS R, GENGENBACH T, et al.Migration
and performance of erucamide slip additive in highdensity
polyethylene bottle caps[J]. Journal of Applied Polymer Science,
2018, 135 (43) : 46822.



