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Abstract : In order to improve the grafting rate of maleic anhydride grafted polypropylene (PP-g-MAH) prepared by reactive
extrusion, reduce the melt index (MFR) and improve its color, the effects of three kinds of polyethylene (PE) addition on the grafting
rate, color, flow performance, crystallization performance and application performance of PP-g-MAH were studied by high tempera-
ture rtheometer, differential scanning calorimetry and mechanical property test. The results show that the addition of high-density
polyethylene (PE-HD), low-density polyethylene (PE-LD), and linear low-density polyethylene (PE-LLD) can all improve the graft-
ing rate of maleic anhydride to a certain extent. Among them, PE-HD has the best result, followed by PE-LD, and PE-LLD has a
certain negative impact; at the same time, the addition of PE can also improve the color of the product, and the higher the amount
added, the lighter the color;in terms of flowability, the addition of PE-LD significantly reduces the MFR of the product, while the
MER of the other two types of PE first increase and then decrease. All three types of PE reduce the complex viscosity of the grafted
product, with PE-HD having the most significant effect; in terms of crystallization performance, adding different types of polyethyl-
ene can improve the crystallization performance of the graft copolymer. The higher the amount added, the more obvious the promot-
ing effect on the crystallization process, with PE-LD having the best improvement effect. The application research results indicate
that the addition of prepared PP-g-MAH can significantly improve the compatibility between glass fiber and polypropylene matrix,
thereby significantly improving the mechanical properties of polypropylene composite systems.

Keywords : polypropylene ; polyethylene ; melt grafting ; maleic anhydride

EEWH: FHRARPIAILETH (21878089)

BIEMEE - B, b, FEWPR7 10 SRS PR A ise o1l 48 B SR e I et

WeFs B HA: 2023-05-06

SRR S, 254 T8, 45 . R S RV IR B SR BRI HeAS SR N s il 2 B PERB Y 2w [J]. TRRMURER FH , 2023, 51(8): 15-20,25.
Wu Hang, Li Chun, Qiu Ziba, et al. Effect of polyethylene addition on the preparation and properties of maleic anhydride grafted polypropyl-
ene[J]. Engineering Plastics Application,2023,51(8):15-20,25.



16 AR

2023 4E, %5 51 4,45 8 1

RN PPYWE NI FH 5] 12 i e 41 3k
Z—, AT AR i R A 2 R SRR L A H
AW E T Z RN Y H T4 PP YR REAS
FE LI R R 2807 S il AR oK, BT LG X PP i
17 T AL BHE 72 53 5 HA A M 3R A W iR 2L
PEES, T PP AEME M R, 5 T R R P
MBHA AR AN, B E R G W e 5 1k, Br
VA3 T ST A 285790 200 2 Sk TR P2 A5 58 TR M (PP-
g-MAH)"" | N I R R Y RN IR A 5 ok
Mg — T R RN A H TR 0 R A K H
BRI AR S S e ) S SRR AR AR A . R
PP-g-MAH &5 i FH AR 2S5

PP-g-MAH 1) il 38 % >R UG Al B Hh Bk vk
TE At R, WA — A, = i R
B JREAR, PP 25 Zy ik B R, (RIS T SR R T
H R B A —E B, 2R EB0 YB et
AIFGE N BT A A LR R 20 SR B v A
BRI A B AnaRAC N R — H FEFR" | PP
) 8 figp Ak SR A R BH I, {EUJ2: H 1T PP-g-MAH {598 47
FEREBCRAN R A AR 2013 2 (MFR)# f5 FHE €2 g
B[R]

ROImPE)ESIRE , NG FEff, A — e
RG22 2238 7E PP-g-MAH il & i 2 rh 5
A PE, G4 5 % & 3R £ 0% (PE-HD) AR % B2 2R 20
(PE-LD) M2 1% 25 1 2 2, 5 (PE-LLD), iff 5% H i
Tk = ek A B A PERE (4 RE LA
FHERE A2 .

1 SEIERS
1.1 8R4t

PP:PPH-045, #1934 fbA BRA A 5

SR BRI (MAH) : 21 >99%, |- 1 27 otk A= 1k
BHE AR A PR

BURUT ) S AL — 5 TN 2R (BIPB) : 41 >98%,
Bo] s A3 DR A 5

AN (St AR IR TR AR A
GF

PE-HD: TR580M, H [E 1 i1 Ak T e fn A PR
AT

PE-LD: LF5600, H [E £3 fk b i 47 vl Ak T Ay
A BRI

PE-LLD: YLF-1081, H' [ 11k Ak T4
PR T

PP-g-MAH:CMG5701, {5 AR AW (i) A
PR T

YIBETHYE(GF): 508 A, T B AT JBA AT FR A 7 5

TR e, il s R A AR A BR A
Al

VAR - S Afr i, [ 25 8 AR 7R A TR A F
1.2 ZERE

SUZATEF H AL . STSH-30 Y, B AR B LA A
PR T

R AL : ZF-2500 A Y R R IL T 5 A PR
GF

HEYAHL: EM120-V AL, ) AR R AR LA A
PR F

BT J7 REIRIR AL : GDXA40/150 1Y, SERFEE Tl
RGP ENABRA T ;

MFR 1Y : MI-4 7 | f5 ] S 4 R A 7 5

W& i A5 4% ; Physica+MCR101 %1 , B8 b 1] 27 45
WA

22 R F A (DSC) MY ; DSC3+ A, Fij -+ #ff 4
W-FER 20w
1.3 XAEH &

¥ 500 g PP, 10 g MAH, 1 g BIPB, 5 g St3LiRY)
(k)5 W B 77 & &) 43 9 5 PE-HD, PE-LD, PE-
LLD ¥511RA , 4 th SURFFBF LB i k. |2
VRS e

R1 REHFHEH

—E/°C —E/eC =E/eC iz e fLB/eC

NEC

EHURFTRE  RORMRAT A%

JCE{/OC /\Ez/oc E/(r' min’l) E/(r' minfl)

140 160 190 190 180

180 180 170 150 15

1.4 MX5 ke

(1) PP-g-MAH Y461k .

HU— %€ 5 /) PP-g-MAH F# M 54, & TR
CCPEHL AR v, (o PR At A %5 9] , 4tk 24 h s B
L, DAEBRA SO A JORE, FEAE 100 °CTF k-2 1H

=M.

(2) PP-g-MAH #3435 5E .

FREL0.4 g 4li40J5 i PP-g-MAH T-BhR e, fin A
— s R 110 °CTF NI E S8 7, RIS N
0.5 mol/L /& 47 i NaOH Z BTN E o AR



S, 55 R LRI DA FR AR DO ) 44 SRR S 17

A (D)5
_98.06(v, —v,)C o
G= > 000m x 100% (1)

A GHERCR v, v, 23546 1% 2 17 )5 NaOH
S WARTR 5 CH8 M i 5 m 48 PP-g-MAH JiT

Ho

(3) PP-g-MAH /1 MFR A3l

B — % HF PP-g-MAH, I /] MFR 1 il 5& H
MFR , A5 A8 190 °C, k77 2.16 kg

(4) PP-g-MAH DSC [#iillist .

B 5~10 mg 4k J5 () PP-g-MAH, % F DSC Y
DU 7 ) e s RN 48 A A A, I AR /L T
IR P S B BE L 25 °C LA 50 °C/min Tt i 3
200 °C, fH i 5 min JHERFATT L AR5 LA 10 °C/min 1
B RE 2 50 °C, f J5 LA 10 °C/min 1 3 R T+ 2
200 °C, jc s R TRl AR A A — R TR AR 1 BROR AR
k.o

(5) PP-g-MAH Ji 8 M REMA .

HU— 72 i PP-g-MAH , FH i % i A8 A 5 3 AR
PERE, WA AZE A 1%, MEATEFE M 0.1~30 rad/s.

(6) PP-g-MAH Y3 258U R M

4 PP, GF #2 8: 2 ) it i LU AR & 5, A3
HIPHEUN 3% B PP-g-MAH VA 25 , 28 i AUZAT
BrR AL 15 R, (o FH R S AL 98 bR R 45
SR J5 43 3% GB/T 1040.1-2006, GB/T 9341-2008,
GB/T 1043.1-2008 I i A Ao B2 |25 iy s PR Ast £
GIRUIS T
2 GHR5ITE
2.1 PE# At PP-g-MAH #:4L 4 % v

HAEHR5E T PE RS SOH IS ot X PP-g-MAH
FERCR IS, 5 RN 1 s . AE L A LA
th B # PE-HD F1 PE-LD ¥ il &= i34 Jin , PP-g-MAH
AR SE B TR T T B, ZE TS N 4% B ik
F i K AH, o PE-HD S I F r= ek R i 42
FHiEEE R . AT R ESIN PE 8 PP-g-MAH, fil
A PE-HD W= PR 542 T T 0.14% , Ut B AE AL
1 B PE-HD B9 I AR R R A — e 32 FHEF .
XFF PE-LLD e it , Hm A 7= W 345 3R (14 5% i N
K, X AT e T PE-HD SCAESE M, 7 FHEL /N,
2D KRR N . 1 PE-LD A1 PE-LLD B 3 4%
B AR 2 R BRI K, A FI T E R BRI 43
T8z 8, W0 T A iR R, XA
Ty HE AR R

1.4, —+ PE-HD
——PE-LD
—+PE-LLD
131
S
12
nl12)
w
L1l
1.0

0 1 2 3 4 5 6
PET /%
Bl 1 PE & X =Y R s

2.2 PE##Anst PP-g-MAH & 5697

BT ROV BF A A () PP-g-MAH i o — i 2
PR o, 3 B PR RO ok AR i MAH Y [ SRR
BT A AR R R R, 77 R AN —
FERREE B sssenn S22 Bt LABFSE PE %R N
X PP-g-MAH Eil €4 [ 5200, 25 5 & 2~[8] 4 J 7 .

(d) (e)
a—0%;b—2%;c—3%;d—4%;e—5% ; F—6%
F412 PE-HD & B P B

a—0%;b—2%;c—3%;d—4%;e—5%;F—6%
3 PE-LD &% = s (s i
MNE 2 F1E 3 AT LA H, AN PE B4 i 2 B
W 52 A0 B (6 (P8 2a FTIE] 3a), Us i T PE-HD £ PE-
LD Z J5 , i %5 H s i 9 34 i, PP-g-MAH 2 {834
WASIR . MR IR 4% USRI gtk T
FasE . X5 PE-HD 1 PE-LD eS8 A 2Lk 35 12k



18 AR

2023 4E, %5 51 4,45 8 1

FEYI B, il BE TN PE-HD A1 PE-LD Ji7 , 7=
WIHEARCRA — 4=, 5% B 09 MAH /0, i
il 7 A R R

M 47T LI 1, B % PE-LLD AU LA , PP-g-
MAH B3 (A B W A8 . HUS N~ 6% i, PP-g-
MAH WIER 5 . X 1 B PE-LLD 89 /in A [a] A 7]
PIil PP-g-MAH i {025 4

(a) (b) (©)

() © 0}
a—0%;b—2%;c—3%; d—4%; e—5%; f—6%
€14 PE-LLD % 7 My (4 i 5%
2.3 PE & #Anst PP-g-MAH 7 3h M 48 69 % vh

F A R T BT AL PN o IR v R Y R S
5| &R A7 AEAL 1S PP (e fi ™ B, S 2 PP-g-MAH [
MFR £ RMEHE o 1 5 1 MFR — 5 T 26 5% HH 3
TR 7= A AN F (R 5 ), e LA 2 5k 5 5 — 7 T 45
FH PP-g-MAH 1Y F1 24 VERE T W, 520 Je 22 1 o 1
e, L% T PE B INXS PP-g-MAH i) MFR Fl
SRR E RS2, 25 R & 5 FIE 6 s .

M S AT LAE Y, B PE-HD A A n , 7=
VI MFR R A, ZEUS I 3R 31 2% 5 L BEAPR e
%% . X 3R W] PE-HD 1Y /i A g % b 2 R fik PP-g-
MAH /] MFR, il B A A . — 7 T J2& 5 PE-
HD A B () MFR $AIC, ) Bt 5, BARAFE— 2
B fift , AHLH MFR ATy i THEA™ ), i LA RE A A 3197
¥ MFR B91EH ; 75— 5 T, PE-HD 1E 1 E AL W51 &
FIEIAFAE T AT RE & AR ACHE S, AT 4 1 H: MFR
JIIA PE-LD HI PE-LLD J& , Bifi %5 48 i a2 i 3% i
PP-g-MAH [ MFR 2 80 T 5 5 BRAIK ka3, —Jr
Il 2 Ky PE-LD F PE-LLD A MFR #H %} PE-HD %%
T 5 93— 5 1 AT BE & R o4 PE-LD #1 PE-LLD 3785 7%
AR, SCHRAE IR, BT LA T 45 PP-g-MAH
() MFR J5 TRIRCRAS 41 PE-HD BH 5

K] 6 -2 PP Fll PP-g-MAH (1) 55 % %k 1 Bt %5 £ 4t
R AL 2R, Hodb A8 I PE 4 5 20 B4 N 3%,

MFR/[g-(10min™")]
~
S

—
0l o
0 1 2 3 4 5 6
PEF /%
&5 A[Al% i PE X} PP-g-MAH fit MFR FY52 1

—= PP

—e PP-g-MAH

—+ PP-g-MAH/PE-HD
—PP-5-MAH/PE-LD
—+ PP-3-MAH/PE-LLD

1500+

as)

£ 1000}
e

L
e

107 10° 10' 1(;2—“'
FHER ((rad s

6 AFIFh PE XS PP-g-MAH & 88 1
MNIEL 6 H AT LUt I il 0 52 0 5 1) A8 A 1)
Pk, Horh PP (Y52 B0 FE B e K, 28 s il S W A
R ot 1) 52 B8R P o 2 I, X U T s 0 5% ¢ e
PP AR TR RIS L & B, U0 PE ) PP-
g-MAH & 5056 B2 P Ak, X AR W] fig & i T PE
5 PP AR, i F 2 MAEH ks, %
Ak, i PE-HD HYJ PP-g-MAH & 505 E fe i, X 5
U T Y MFR 25 59— 3,
2.4 PE® st PP-g-MAH J& @k 45 h 47 4 69 % oM

WE— R PE BN JINXF PP-g-MAH A9 )% il 45
mnd TR AIEEIR , 45 SR A& 7 AL 8 s .

M & 7 7] LAF 4 PE-HD F1 PE-LD FY fin A %5 g
TR T A W W e R (R R o R I e B
VN IN PE 1Y PP-g-MAH [ il ih £ H B0 T B 7 20 PP
(R Al | Bt PE-HD U8 A3 in , B A4 24 PP 1Y
FEIEJs Rl 28 900 2%, 1P PE-HD Y i A 23 #1118
pn 8 PP A2 15 o5 — 5 T, B & PE-HD % #2380, fig
W1 W EERITE 123 °CAEAT L T PE-HD [ filt e
Vi BH = R PE-HD 5 PP (A AL it
A PE-LD FRE S, 4 il i 28 b H BT 0H 10 B A 7Y
PP A AE 2 il , HL B 5 PE-LD W A 7155, B A
TR A7 il 06 1T FR U 12838 K, 1 HH PE-LD A48
RENSAETE B AR PP A= il PE-LLD BT INFEAR T 42
e 7= ) B A 0, I HLBE 2 0 A 5 AN 4 il Ui
JEGHTAG . X RE S H SR EE A K

ME 8 BT LA i, PE BT I R = W 45 A T




S, 55 R LRI DA FR AR DO ) 44 SRR S 19

e —

100 120 140 160 180
i f7°C
(a)

Bt I
5%PE-LD I
1 M

2%PE-LD

|
PP-g-MAH !

100 120 140 160 180
1 fEeC
(t)
Bk
6% PE-LLD ‘
59 PE-LL
49 PE-LLD |
= 2% PE-LLD ‘

PP-g-MAH

a—PE-HD ;b—PE-LD;c—PE-LLD
57  AK[RFPZE PE X PP-g-MAH M RlA 1M (15
6%PE-HD

5%PE-HD
4%PE-HD
ﬁ\ %PE-HD

1 2%PE-HD
-4 A\\\ /" PP-g-MAH
=

} : Sg PE-HD

80 100 120 140 160

6%PE-LD
5%PE-LD

i /°C
()
4%PE-LD
3%PE-LD
y 2%PE-LD
N\
\V

PP-g-MAH
PE-LD

A —

=

80 100 120 140 160

1 E/eC
(b)

WA —

80 100 120 140 160
i Jg/°C
(©)
a—PE-HD;b—PE-LD;c—PE-LLD

58  A[A|FP2 PE X PP-g-MAH 45 54 1M (52

KRR . = PE AN A A BE B 1A = W 1 45
i DAL IR, LA o B vy, P RSO Rt B A X
X A] BESE: R R PE FEHE ARG TR 77 AR () AC HR S5 #4 45 PP
PEHE T AL S, IR T PP-g-MAH 1945 i . Hirp
PE-HD /il A 45 it W (L I B8 1Y) 4 v o Wb 3 X0
1 PE-HD 4 5 1) 45 & 0 {8 I B2 5K = T PP-g-
MAH, HAe45 5 M55 PP-g-MAH 45 i
2.5 PE-HD # 7 Ansf PP-g-MAH & Jf P48 649 % v

TESZBRIV FH Y, PP-g-MAH 288 FHAE PP 148
TeHUA BRI AR 2S5, SR MR ) 21 R fiE
% S AR 250 (A 3G 2530 R . PR I TE G M5 1 R TN
WK Z TP A ] PP-g-MAH (938 25 30CR 317 T %
g2 Wi APFSE N, PE-HD XF T 3B M) 14k,
R MFR & E0EE B RN 25 1 e 1 B2 TH A B Y
PEFERCR , #k i fn A 4% PE-HD # PP-g-MAH 1
SRR, 5 R SR AR T R PR AR . A%
A A 4% PE-HD f¥) PP-g-MAH i1 PP #il GF (1 4H
X 2SI B R AT A S AR A
JE R o 5R B B9 0, JF 5 T & PP-g-MAH
(CMGS70D)EXT L, 5 5 an & 9 TR o

M9 W LI H , 45 PP A R B9 s 3 B
2.78 kI/m’, 5 GF R i il o B B i o 22 2.43
kJ/m’, 3X 0] BE A2 PR R PP AR A JE A M A4 R 5 40 1 1
GF AHAEMEAGF , A AR A 0 T 7 iR
A AHE TN REES J1855 , FEAR T AR B np o PERE
MINA H il PP-g-MAH M A5 J12#PERe A I B L
T, Honh o B REIAF] 4.78 kI/m? , MR T-46 PP 215
T 72% , AR TR AR 25 550 B9 4 B $E 5 T 97%.
5] 9b F11 [&] 9c ALYy %F PP/GF HL IR 4y i Ji A
R R RS2 . AT LU Y, 4 PP 4
g B R 34.4 MPa, 25 il LS5 1 568 MPa, il
A GF Ji HA s B HE T3] T 42.2 MPa, 25 i ik
o DU 4R T3 3 279 MPa, 76 A I AAH 258 71 1 1% 0
LRI IR PP (A A A L R
1 GF H 5 By NIRRT, 76 B feft T, B 53
NS A EAEH AR B R AL A PP E &
Y8 A5 AN il A . TR A ARG,
PP &2 A W A s 8 Ay s A i — 204 R
45 B PP-g-MAH Xf PP/GF 1K 24 B U (934 235k
S BT WIRR AT RHR A EAE T, 2R T GF XF
PP 11 384 5 A F L H 19 25 5O R w& A F 17 B PP-g-
MAH.



20 TSR 2023 4F, 55 51 4,45 8 1]
NN i S e e L 2 N
or SR JEE e ¥E 27% , 25 s PR A I R T U
4.78 4.70
o 3 o PP-g-MAH X} PP/GF K 547 R 4F HYIE AR .
'E I T
5 4 S % 3k
= 2.78 N
2y 243 (1] bl P = T2 R AR 0], 4 TR, 2018, 44
B oo (6):191.
i Zhu Kenan. Polypropylene production process and application
0 ) ) ) ) progress[J]. Chemical Engineering Design Communications, 2018,
PP PP/GF PP/GF/ PP/GF/
PP-g-MAH CMG5701 44(6):191.
60 (@) [2] Paszkiewicz S, Pypec K, Irska I, et al. Functional polymer hybrid
0 53.8 492 nanocomposites based on polyolefins: A review[J]. Processes,
< 422 2020,8(11). DOI:10.3390/pr8111475.
& 400 = s
§ 344 [3] HEFAE.B AT AR — A Mt bl AL BB 2R P A (1 4 A
=301 2 N
= PERE[D]. FUM - #T T R%, 2021
—
=0 eng Henglun. Preparation and proprties of synergistic toughen-
520 Cheng Henglun. Preparation and proprties of istic tough
10} ing modified polypropylene with  nucleating agent and nano-silica
0 : : : : [D]. Hangzhou: Zhejiang University,2021.
PP PP/GF PP/GF/ PP/GF/
P-g-MAH CMG5701 [4] Techawinyutham L, Frick A, Siengchin S. Polypropylene/maleic
4000 (b) anhydride grafted polypropylene (MAgPP)/coconut fiber compos-
3432
g 3 2T79 1 3 3102 ites[J]. Advances in Mechanical Engineering,2016,8(5):1-9.
T
E 3000+ [5] Muioz P A R, Canevarolo S V, Bettini S H P. Free radical mecha-
;ﬁ; 2000 nism for reactive processing of polymers in the presence of organo-
o 1568 clay/peroxide nanoreactors: Grafting maleic anhydride onto poly-
Eli» 1000} propylene[J]. Chemical Engineering Science,2021,(230):116-229.
[6] Mo J H,LeelJ S, Choi I C, et al. Modification and properties of
0 P‘P op /‘GF PP/(;F/ PPIGE/ polyolefin with maleic anhydride as a functional monomer[J]. Elas-
© PreMAH CMGS701 tomers and Composites,2012,47(2):162-167.
C
e R FE s b A B + o5 A [7]1 Suppakarn N, Jarukumjorn K. Mechanical properties and flamma-

[519  PE-HD X3R4 124 AR AY 5200
3 &g
58 T PP-g-MAH il £ ik # v —Fh 58 £, PE-
HD, PE-LD, PE-LLD B8 X 7= 4 #2457 % . MFR |

TS JE TGS AT N LA RN R B sE o A5 A
ISE .

(1) PE-HD, PE-LD (Il A X} PP-g-MAH A4 4%
RA —E SR TIBCR , 1M PE-LLD B9 I 34 %0
BA 52 ; = PE B9 I AKBREAT &8 il 52 1 3 R i)
R BN A7 il A 1 R B B4RAIR T PP-g-MAH
SR EE

(2) PE-HD, PE-LD, PE-LLD ¥ il A Y3 fig 42 &5
PP-g-MAH 45 (i AR IR FE |, e 45 it o 2 5 (]I e R
PE-LD 1 PE-LLD (¥ il A RESS AL 1 S DN M B i 1 A=

o

=

(3) A 4% PE-HD ffil £ 1) PP-g-MAH 1E 4 #f
ZFNIINE] PP/GF R & b, 5 AR I AR 27 1R 5
AHEE, T LA PP & A W oo P i 42 T 97%, fifif

bility of sisal/PP composites: Effect of flame retardant type and
content[J]. Composites Part B Engineering, 2009 ,40(7):613-618.
[8] Wacharawichanant S, Amorncharoen P, Wannasirichoke R. Effects
of compatibilizers on morphology and properties of polyoxymeth-
ylene/polypropylene blends[J]. Polymer-Plastics Technology and
Engineering,2015,54(13):1 349-1 357.
9] WBE, MES, 5050, 55 IR RR BRI R 5 b A5
SHERED]. TR, 2004 ,32(2):71-74.
Huang Zhenzhen, Lin Zhidan, Cai Zewei, et al. Preparation, struc-
ture and properties of polypropylene grafted with acrylic acid[J].
Engineering Plastics Application,2004,32(2):71-74.
[10] ¥ J156, Tk HEZR5I %) PP/PAG IR IR R ARZEHE R IR [1]. 35 Ak
A T REFBEA R, 2002, (1):39-46.
Xiao Liguang, Yu Shui. Effects of compatilizer on compatibility
of PP/PA6 blend[J]. Journal of Jilin Jianzhu University, 2002, (1):
39-46.
[11] BIR 4,246 . PP-g-MAH #l PP-g-GMA 14 %% PP/PA6 IR {4
AIIBFTEN] 2RI, 2007, (3):36-40.
Duan Liangfu, Li Binghai. Study on PP/PA6 blending system
compatibilized by PP-g-MAH and PP-g-GMA [J]. Plastics Addi-
tives, 2007, (3):36-40.

(T¥5E 25 W)



