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Interaction and durability control of polypropylene-metal bonding interface
WANG Daojuan, CHEN Tan, XIAO Mengjie
(Kingfa Science and Technology Co.,Ltd.,Guangzhou 510663 ,China)

Abstract : In order to systematically solve the key technical bottlenecks such as weak interfacial force and poor durability in
the bonding between polypropylene (PP) and 304 stainless steel, and to deeply explore the influence of PP material composition and
structure on bonding behavior.behavior, the high-performance PP-based composite system was developed through multi-component
synergistic modification. Initially, for the heterogeneous interface between PP and stainless steel, an interfacial reinforcement system
centered on maleic anhydride grafted polypropylene (PP-g-MAH) was researched and developed.Results indicate that when the mass
fraction of PP-g-MAH with a grafting ratio of 0.65% is 30wt%, the anhydride groups form robust chemical bonds with the stainless
steel surface, achieving optimal bonding strength. Furthermore, the regulatory mechanism of PP intrinsic properties on bonding
performance was elucidated. At similar melt flow rates (MFR), high crystallinity inhibits molecular PP chain diffusion, reducing
bonding strength. Whereas at comparable crystallinity, high MFR significantly promotes interfacial molecular chain entanglement,
enhancing bonding performance. Concurrently, the ethylene-propylene rubber (EPR) of PP effectively promotes interfacial diffusion
and matrix toughening through the high mobility of its amorphous molecular chains, resulting in superior bonding strength in PP/
stainless steel system with high EPR content. The incorporation of 15wt% polyolefin elastomer (POE) with high MFR significantly
improves the melt’s wettability on the stainless steel surface. Additionally, by adding 1wt% magnesium oxide as a hydrolysis inhibi-
tor, the composite material maintains over 72% of its bonding strength after being soaked in water at 80 °C for 72 hours for aging,
indicating a significant improvement in interface durability.

Keywords : polypropylene ; stainless steel adhesion ; maleic anhydride grafted polypropylene ; interfacial modification ;

durability
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R PPVE R —FPLr A REIL 7 AR R
EOBTDEEE22E == W v S E e & e P B W S O (3 T 1
b2 R 2 A R T A2 B BR ) U R 5 m R
T RE A (T 43 Jeg ) R 42 5 52 5y T T 7™ DR Bk
GG, k3 PP SRR RE  IE R B AT E T &
ZFNA R R S RA SO SRS . BN, SR A
ARV FEATA M B AR B RTEE T L 8 5 A 54
Wt B BB (AN Rt FR 3 W E 271 PP & i g5 11
MR Iy — T T 38 2 A RN L TN 0 R 4
AKH I | E SR PR T (MAH) 254 M B4 5 | A PP 431
B, T ARAS I 3 5 A 1 2 1 AE BV E S R
NG, X AE PP SR EERNESKRATT
BEUESE IR 25 Syt —2P A B 4E A iR AT
XoF 4 JE B AT R A IR, An7E AR G 4 R T E L B
e A A 2 22 FL SO 25 4, LA 3G 58 S5 T AL B 4
LA

SRIMT, A R 4 K28 h T PP 540G 4
ARG | TS AN A — 7 Tolk A3z i A (H 3R
A2 e SRR E B AR TR & &4 R
FERE ORI FE WA G B = o AN 2 T 1 4 A1
3 T, (A R A AR A 2R R Rl
FEAL A T 11 B AR AR, ik BR A T = M B PPN B 4N
AR TT RS I, BIANTE 6 7 W2 i 45 5 e
IR Rl S

AL RGNEHAGT T 2t PP 5 304 AN EE I Y
K LR, B AE 20 PP AL BHE LS MR &R R R
N R, 57 2 T8 P B AR SEBR T K&
oK B IR IR 2R, B AR R (AR 3 R
(MFR) . 45 i BE Il £ AR S (EPR) 7 12 11 341 28 PP A1l
L5 PP A 2 DL AN [ MFR 25 A5 | 45 B 1 5
I MR (POE)I g Xof 52 G b Rk AL TR B2 568 B 1)
SN, AR TR PPAASES B A 2R 1) T ARG 4 1
T IR ER B AR S AR5 o R PP AE i i
S AR ST I FH AL 1R B S 5 SRR
1 SEIERS
1.1 E&RAMH

(HHFR PP AR .

L5E89: MFR 4 3.1 g/10 min (230 °C,2.16 kg),
LA AR T A PR 5

4220: MFR 4 0.45 g/10 min (230 °C,2.16 kg),
el A AL TA A

HP500N: MFR 7 12 g/10 min (230 °C,2.16 kg),

o 22 ) 21 FE R Tl A ]

Q)ILEPPIJIS.

B8101: MFR 12 /10 min (230 °C,2.16 kg),
et A TARA A

BX3800: MFR 7 30 g/10 min (230 °C,2.16 kg),
i[5 SK A Al 5

BX3500: MFR 7 10 g/10 min (230 °C,2.16 kg),
i & SK /A ] 5

EP300M: MFR 4 9 /10 min (230 °C , x2.16
kg), ) AR ISR AL T A BR AW

K9017:MFR 4 20.0 g/10 min (230 °C,2.16 kg),
W 5 T A LR RN T

(3) E >R PR I 4243 2R N s (PP-g-MAH) : H i, 42
KR35 0.31%, 0.49%, 0.65%, 0.87%, 1.02%;
XTI A MAH H AR 5 B4 #5303 R 0.69%, 0.15%,
0.45%,0.32%,0.21%.

(4) &M - G TR AL B W) : MFR 24 10 g/10 min
(190 °C,2.16 kg), 3£ [H P [Cfb27 A F o

(5) - LR TR TR W (EVA): MFR 4 3.0
/10 min (190 °C,2.16 kg), K FE R pe R L F A H) .

(6) C5 A M A - FR b s LB Ry 98~105 °C, 3£
E 2T AR,

(A - CIa- T I W) (SEBS) : K L &
R 31%, BN 0.91 g/lem’, 1 E ST K AL
Tl Bt A B

(8)JEIK FERRIE - 251 4 0.863 g/em’ ,MFR 4 9 g/
10 min (190 °C,2.16 kg), EE IR KL F A H .

(9) POE#fi5

ENGAGE 8677 %} 4 0.87 g/cm’, MFR 4 0.5
/10 min (190 °C,2.16 kg), 92 [E P [tk 0wl

ENGAGE 8150: % & °& 0.868 g/cm’, MFR }
0.5 g/10 min (190 °C,2.16 kg), 3¢ [P [CIb24 A 7

ENGAGE 7467: % Ji£ j 0.862 g/cm’, MFR 2}y
1.2 g/10 min (190 °C,2.16 kg), & [ B [ k20wl

NEXLENE 891 % &% 4 0.885 g/cm®, MFR Jy 1 g/
10 min (190 °C,2.16 kg), 5 [H SK 237 5

ENGAGE 7447 %% 7 0.865 g/cm’,MFR 4 5 g/
10 min (190 °C,2.16 kg), F=[E B b2 Al .

(10) A8 RN 5 wm, BRI N 15,10 Tl
WAL THRRAF

(11) %A AL B (MgO): H A< B A4k 2 Tl #k =X

24t
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(2B = - F i AL T A BRAF]

(13)REREIBET < L0 U AR R A ]

(14)304 ANGEAIR - b 1L T 4 e e 4 il i A B
NHE]
1.2 EBMNEREE

SUZFTHF AL : TST30, BHEFE (R 50 ML PR
AT

SR FAAY : BL-7160-A , AR 5E T 5256 K5 % K6
IR PR

% 78 4 & 4 (DSC) 1Y : TGA 200F3, 1
NETZSCH /A7) ;

MER %% : BMF-003 , &l ZWICK /A 7 ;

T HEIRIGHL  HITS. 5, 5= 25 4 7o /A 7
1.3 RXAEH &

(WE GBI

Fi BRER 1 L7 A AL R o i 3-8 R BBURE 1 )
Fi, IRA A A RSURFF B AL, 57 0 iR
200~220 °C , BEFF4% 15 52 200 r/min, 5 H 52 15 U
ki, YRR/ N RITE 3~4 mm , BE T ANREA <AL

F1 HEHRES

Tab.1 Formula of composites

Component Mass fraction/%
PP 30~70
Polarity modifiers 10~50
Elastomer 5~20
Filler 2~5

F 1 AERCEE R g PP-g-MAH | 208 - T 1R
LY CEVA T —Fl s s AR R CS A TR RE |
SEBS Blik A5 i \POE R g H i) —Ffr s SEURL A W A
3 s KSR ) R B Al — 0 e Ak (e R AL
g —Ff

Q)B4 SRR R AR A5 o

FREL100 g &2 A R4 il e e 4 J@ A A
IR R FEAEIRE R 220 °CRISEARR LI S A
P TR 10 min, FFINE 15 min, 285 il A H)
ZEER AL, RS BEELE 15 MPa, LAY A R P
O RS TR i R 2 Bk

QVE Ak EEIL.

BRI AR BRI i T 288K BT
80 °CTH i 7K v A5, a2 HO WA Y0 RE 2% 5 B 174 32 O
1.4 miX5 & IE

MFR 32« #2 B 1SO 133-1/2—2011 #EA7 14,

2149216 kg, 230 °C.,

IR IR ISO 1183-1-2019 FEATINL

Rl 422 5 B2 3K - 4% BE AR fE ASTM D1876-72
(1983) %5 G AP RL#EA T T B 25 I

DSC i : R DSC #% & , 75 B AR, LA
20 °C/min [ 34 & M 30 °CHin# ] 200 °C, fE i 5 min
DI BB s, Bt L 20 °C/min f4 33 EE DA 200 °CF%
IR 3] 30 °C, F- DL 20 °C/min A4 3 & M 30 °C i #4 3)
200 °C,
2 #R5iHe

4fi PP J¢ H. 5 POE & & 1K R XA S5 i H b R
AR AR ARG B2 B o a5 | AR el R T
Ko S AR ELAE X H T LR P st 70 0 42
9 RE B S, A T 32 2, Horh PP OB IR % H i
PPB8101, POE # i1 FH (1) /& ENGAGE 7447, H#
2 A] UL, PP+POE+PP-g-MAH J& 3 i &5 1 1) ok 3%
R

F2 REIHRMEBE A HE3E R B
Tab.2 Bonding strength with different polarity modifiers

Bonding strength/
Component onding streng

(N-cm™)
PP 0
PP+POE 5
PP+POE+PP-g-MAH 48
PP+POE+EVA 15
PP+POE+Ethylene-acrylic acid copolymer 25

2.1 HEREGYHEE
2.1.1 PP-g-MAH th %

PP-g-MAH X 2t ¥4 PP 4 i 5 A~ 45 49 [1] AL 1w 4
FH 52 M 32 2 LT =R R (9845 : PP-g-MAH 1)
IINEr i 4> TRk A AR DL MAH H ik
R 5 B R = R R R A 2R L A G
MG 1 R H R 1a ] WL, FRDRG 4208 1 Bl PP-g-
MAH 8N 7R Ak S B p 2Rtk 56 &R, %
IR T R TR . 4 PP-g-MAH it g 774K
I T 30% B, k422 060 Bt EC AR ok (%) 185 i 0 sl 4
T, HAE RS H0CH 30% Abik I (E(52.3 MPa), £k
1M, 24 PP-g-MAH & & i Pe Il BUE S |, R A
ThI [ o 33X e o 2 ) PP-g-MAH IR T LA
e BB SLAZE R, 5 R B S A B A, &
SN NN G N A A = | ES I AR O S
™,

KR B S BRI R B IA MR, I E
1b Fr7R Rz 58 B Bl FE ORI B IR W 7t , B
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(c) Effects of monomer residue rate on bonding strength
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Fig. 1  Effects of three factors of PP-g-MAH on interfacial bonding

strength
MR AT 0.65% J5 , R4 0 I K T
BEAh, WNIET Te B , 5 B R J3E Rt 1 5 J3E 2t 17
FHOG . ERAAR B, B i 4 B2 0 A, SRk B vk B A

0.2% 3N 2 0.45% , KR B 22 BRI TR TE
PER AR, R, Y AR AR B AR N,
SRR 5 5% B R E— 2D 2 0.69% DL LB R
K% 2 40 MPa LR o i3S K 8% B 0 A/ Ny R
INTC S 5 A A, BN 23 76 5t 1 DX 8 2R
£ U AZE , B PP-g-MAH HA SR BRI E
RE A 5 4 I 2 T A, AT S 3 1 5 A T
SR

PRI, Ay S B PP/AN B A 18] 14 S DR 42 , A Z50%)
PP-g-MAH [ JIn & i ek %6 K ik B8 SR AT 3R
kR PR LA DR A B A T
IREEFIREIR” 22 18] P17 057
2.12  FIKPP K s By & v

JE PP-g-MAH Jii & 73 %0l 30% . % K¢ %
0.65%; POE #4 JIE % T} ENGAGE 7447, 78 il i & 43
HOR 10% , ARSI R AP IL AR G PP XS R
JE RS20, A OCEE S 35 3, i 2 3 ] L, SE44K PP
XL RE Y 5 S 2232 MFR 45 )% \EPR % &=
(IR . Hoh PP s a EE i DSC I At 142 i
PIT IR,

(1) MFR N4k & B A R 2

FEYHE PP 5L PP oy, PP LR R 5 A 454K
WA RE S T[] R EPE RE X 5 PP 45 SRR X MFR 2
PIAHG  HAKT S ¢ 24 Fh LR PP AR A9 MFR A
VT B (A% HE BX3500 5 EP300M), 45 8 J& # i , 43
T-HEIZ BN fe SRR S , S O R R
15 5 24 4% 5 B AR T B (An X B B8101 5 BX3800),
MFR &7, W R R 26 BRI, o> T8 Sy as sl 597
R, DA T oS 5 1) S T 8 45, Al 422 5 32 10 A iz 4
Tt MFR 545 & B I W] 8 ¥ 25 43 8l A6 S imi Ak 1Y
B ST N F R AP e R R . X — P
A AT fif B = 4134 58 PP (4220, HPSOON 5 LSE89)
(X Lt SR 1 4220 45 b AR, (H MFR /N BH
BRI T 4> FHEY L ; 1 HPS00N 5 PP LES89 F 45

R3 TEFHEEMHIRE PP X H5HEEE BRI R0
Tab.3 Effect of different kinds of matrix resin PP on bonding strength

Types of PP Crystallinity/% MFR/[g*(10min)"'] ~ EPR content/% Bonding strength/(N-cm™)
4220 323 0.45 0 36.48
Homopolymerized PP L5E89 46.7 3.1 0 33.53
HPS00N 62.0 12 0 32.48
B8101 24.0 12 20 40.3
BX3800 24.1 30 20 54.2
Copolymerize PP BX3500 21.3 10 20 45.5
EP300M 22.8 9 25 43.7
K9017 29.5 20 28 57.1
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Fig.2 Effects of different types of elastomers on bonding strength

E— %52 POE & & Xt & A M BERG 258 L ol
i B A A s, G 3 iR . B 3 TT
L, Wi POE & 5 A BG I, AHBHAC 2 A Rl 425 15
i P R e < E R LS e N SRS S
AL AR RS B2 PR R 5 214 RE , I 1% NEXLENE
891 JE AN 15% ARtk PP IR A , LASEBLAL
HETE AR 15 1 0% W A ] i ik ) 5 A3 A B i R 4
SR

B H—2H %5 B A 24 1Y POE B , % HE 1 AN [ e
2% POE XJ 7 (A~ [6] MER B B 44 55, L2 4.

P 4 R AR FP S POE X & A B RRG FE 58 B | e
o o R A R S . W R da fiT R
ENGAGE 7447 [ H. £ = MFR IG5 5 5 I0AH B2 7

Bonding strength/(N-cm™)

5 10 15 20 25
POE content/%
(a) Effect of POE content on bonding strength

Impact strength/(kJ-cm2)

5 10 15 20 25
POE content/%
(b) Effect of POE content on impact strength

2000 -

1500 -

1000 (-

500 -

Flexural modulus/Pa

5 10 15 20 25
POE content/%
(c) Effect of POE content on flexural modulus

3 POE S X S A bhbRE 1 I | il it B2 R 25 i ASE ) 2]
Fig. 3 Effects of POE contents on bonding strength, impact strength

and flexural modulus of composites

#4 AR POERAEHIERERTEE

Tab.4 Performance comparison of different POE resins

POE Densit?;/ MF R/ . ShoreD Me.lting
(grem™) [g*(10 min) ] point/°C
ENGAGE 7447 0.865 5 12 35
NEXLENE 891 0.885 1 29 74
ENGAGE 7467 0.862 1.2 12 34
ENGAGE 8150 0.868 0.5 20 55
ENGAGE 8677 0.87 0.5 11 118

FEME, B0 S UL R SR B . X MFR AH BT 19
ENGAGE 8150 5 ENGAGE 8677, J& & i T Wi s 5%
1o, K2 P BE AR XT 4 2% 5 1fif NEXLENE 891 [A i i
K o5 R B IR, IR AR A
MFR 531004 5 POE B4 A FHE TR Hzm i,
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Fig. 4 Effects of different types of POE on bonding properties of

composites
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AR SR AT R P EORG HE S e 8k . STk s
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Tt A BRI R

NRIHERCR Y PP-g-MAH 14 K & 210 J5 R4
S () PR B RAFAE 22 5 WL S BT XIS E T
T T b 2 R M R S DR TR A AT S 4
PERY BN 28 .k — 0 M, BIF 9% & B 5% B 1 MAH
PR B AR B S IE AR OG, ARl 6 IR, FRAARER
k2 KB EAE R R B AR, Y R sk
B R IKF 0.45% IF, 246 21 d I, R 4Esm AR o
HAEFHHLIEAE T, 5% B MAH 167K FAIR 55 v 25 3% W
KA RO R TED BT, S BUR A pH B R, R
TP £ 300 5 o) S5 T e 27 (R ) e T ) ) 7K f
R DT | 2 K5 B e T e
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Fig. 5 Effects of grafting rate on bonding strength retention rate
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Fig. 7 Comparison of PP bonding strength retention rate after boiling
aging with different additives
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