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1.1 &5 5

5N M Bz B SR TR I (PP-g-MAH): 4 J ik B T A B BR 2 &) 5 8 % 3.85%; KN
Wi k3 (T30S): X4 A4k, &5 % 20 g/10min; B8 g B2 86 /i al, 48 R4k 2% R 74 R A
"l PUEN 10100 Tolkali, 2 R4 THBRAR: LK 4Hra, RET R T
AT

B RR AR AL RM200, BOEVLEE B AR AR B KF: CP213, Bl i (%
M)A R A FREHL: QLB-D, #M I Xk & s ERAA,: AL CP-25, |~
M2 RS T I REM BRI HL: AGS-JIOKN, HA SHIMADZU /A @ ; f# B 45
e 20 A (FT-IR) : Nicolet iS10, 3£ [E Thermo sentific R A F; &% & H
AWM QS87, LM m A ARAR, L EHWMHH G ZFE B RN : HTAD, HAH
AT WM TFIINMAE: ZNCL-TS, WMHAERMNBARAF: mFHIT: ZC46A, L
WA E RN RAR AR ; HIERM: 401-C2, N 4l 5 WL -
1.2 SERIRE
1.2.1 PP-g-MAMg BEEWKH & R T, 25K PP-g-MAH FIff 5 @2 £ A
J He Al Bl 57 0 % — 5 (0 L 5] SRR & ) PP-g-MAMg B R W . 4% B 5 FREL PP-g-MAH.
T I R Bk B FC A B 7R), N B HLF R AR AR, 7EIRE 165 °CHIL & 45r/min TR A B4,
WHERARTHFR SRR RS PP-g-MAH AT L 1 Tab.1.

BURE ) % . (1) B BRI AN AR TR B 165 °C, K AR IT I B A RN B (2)
V6 ABE L A A B T AR AR B s (3) A5 L FE B OA I IR FE S L R 2 5 MPa, I AR R 3 min;
(4) & Z 10 MPa, FE{&E 3 min; (5)0 &3 [k 14.5 MPa H fR /& 3 min; (6)H H 1 B 1
WA IF DR K ¥ 3 min, BCH AR o R 2E 1T )3 — 10 AL 2 (24 h=60 °C).

Tab.1 Ratio of magnesium stearate to PP-g-MAH

lonomer Molar fraction of Mg?* (%)
PP-g-MAMg-0.2 0.2
PP-g-MAMg-0.4 0.4
PP-g-MAMg-0.6 0.6
PP-g-MAMg-0.8 0.8
PP-g-MAMg-1.0 1.0

1.2.2 PP/PP-g-MAMg BRI E &M BRI 6% ¥ PP FI B RW A B LL— & Lt i 3L,
fil % PPILIR B R B G M KL K — @ LBl ) PP A ES S A BH D N 21 G 87 3 A8 43T I 25
i, JREHEEN 170 °C. ¥l N 45 rimin, YRA A EECH, RIS R & B 2 A AR
PP 5 PP-g-MAMg [ HiC bt 4 Tab.2.

Tab.2 Mass ratio of PP to PP-g-MAMg
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Name m(PP):m(PP-g-MAMg)
30%Mg lonomer 70:30
40%Mg lonomer 60:40
50%Mg lonomer 50:50
60%Mg lonomer 40:60
70%Mg lonomer 30:70

1.3 ik 5 R1E
1.3.1 FT-IR 4+ #7: £ A ALHLKE PP-g-MAMg B K 9 b i 5 2 BE N 100 wm (1 73 5 .
AR 26 R AR B 16 R, W BVE FL N 500~4000 cm't, Xt PP-g-MAMg &5 ¥4 i3 17 &
fiE .
1.3.2 XS FRei (XPS)#r: Wik XPS &M EB RV TR KNS ALK
K H ESCALAB 250Xi Y X 5 2ot Ht 7 RE 3 1 (3 [E Thermo Fisher IR 2 ) ) , X #EE
FEN 1 mm, I L O A H 43 0 9 10 mA FT 15 kV.
1.3.3 JEARRBIIE BOW R . K G 7R I 3l 3 2 DK A I T8 A R I m e . A R E K
Fr#E GB 3682-2000 #4701, #H AT 2.16 kg, WIEIRE A 190 °C, V)% A By 30 s.
IRy 10k, ERRE, @i (D HHEHFE

MFR=600m/t (1)
A MFR B MIRZE 2, 9/10 min: m Y] FFEZE W FIME, 9: t A RYIE
(1 B I [E) B, s
1.3.4 ZWERZBHBWR: KH MCRL102 g % i & (HHF| Anton Paar A 7w ) Xf
JEFE 1 mm 1) PP 1 PP/PP-g-MAMg ¥ FF i 3F 47 2 &5 i A2 M B ik . P4 (25 mm)# +,
MR BE A 200 °C, (R BRE A 1.0 mm, BESIANMAZRME AN 1%, FHAE B 100 rad/s
# 0.05 rad/s.
1.3.5 EFEERPR: K47 GB/T 14102006 b5, X FE &3 47 ¢ B BH 220 %, 4
i JEBE DN 1 mm, SRR R BE 2 Y 4 5K X (2)

#(D,+9f
O @

A pv HEBHEELR, Qm; Ry NEEZY KA BEE, Q; DL AN EERNER,
m, XHN0.05m; g& 2R ZEREE, m, XHN0.002m; h HKFEEE, m.
1.3.6 W BmWR: A 2 B 8 & s i 90K 00 iR HE AT 7 5 3 R DK, S
JEEZ L mm, ARG EARN 25 mm, JHEEE N 1 kVis. K (3)hd 5375 i+ 5 A 5,
A Minitab 17 45 Eg 38 1 Weibull 73 45 2 AT 0L 5 70 Hr £5 v % 3 9 4 A0 B
Uy

d

P =R,

Es = (3)
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AH: Ee Hi S, kvimm: Us NiliF K, kV; d RNIAFEA RGEF sk ERE,
mm. IR A G i Weibull 43 A i3k 47 40 3,

1.3.7 MHEHMMNMBRFEN R KA &% b B B AW R 1A fH SR
Wik, MR E&E N =E . R 50 Hz, L 1.0kV, WEEE N I mm A .

2 SRE5W®R
2.1 PP-g-MAMg I 4L 4h % 3 2 H7

Fig.1 & PP-g-MAH Al PP-g-MAMg ZL4M6 3% &, 4 #F LT 0.09cm*. H Fig.1 #f
W, AE 1560 cmt &b A7 76 FR B Eh B W g g, [A) IS AE 1780 em-t Ab 4t M I 1R I B A ) 0T AR
= B U Ig, 1710 emt &b O 4 S R R IR W W U B 5 M g2t /PP-g-MAH )3 K, 1780 cm?
Ak g R T ik 1R TR AT U 9 /N, 1560 emt Ak FR R Bk A R St i 3 OK, R TR R B S B R
1710 cmt AbWR L Ug B & Mg?t/PP-g-MAH FIH KT K, RPWERRES PP-g-MAH
IR EM E Mg? R 4 AR . 1560 cm MR MBS IE A E 1167 cm™® &b
PP-g-MAH HI 3 [0 [ AL EE , AT LA R R 4 1) AH X &5 & . PP-g-MAH, PP-g-MAMg-0.2,
PP-g-MAMg-0.4, PP-g-MAMg-0.6, PP-g-MAMg-0.8 1 PP-g-MAMg-1.0 [#] I [ £t 43 31l
v 0.29, 0.57, 0.77, 1.05 M1 1.32, Mg* & EMEHB HIEHM L —5, R Mg>* a5
PP-g-MAH 4 & 11,

PP-g-MAH

PP-g-MAMg-0.2

PP-g-MAMg-0.4

PP-g-MAMg-0.6
PP-g-MAMg-0.8

PP-g-MAMg-1
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Fig. 1 FT-IR spectra of PP-g-MAH andPP-g-MAMg

2.2 Mg2* & & PP-g-MAMg 44 #2 B, FH 2 [ 5% 0
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Fig. 2 Effect of Mg?* content on volume resistivity of PP-g-MAMg

Hi Fig.2 iTLLE HH, PP-g-MAMg AR B E I Mg 536 K, 2 Mg & & i
Z 2 BEARE % PP-g-MAMg-0.8 4R # HL BH 2 By, 18 3 7.42x10% Q-m, M T
PP-g-MAH #£ & T 389.1 %. PP-g-MAH & & P 1l fiE B8 85 1) 51 N R 7 48 6 BF (0 7 A, 3
RTIRMBIFWERE, AL TRHBFGRRMN oM, BT ARMBHEEERER. 4 Mg?
MEELZ, Mg» BiEER2WA, RANER S FHEL, B3 THRREFHEHR, S
PP-g-MAMg ] 4K F e B P& K, PP-g-MAMQg-0.8 44 #1 B PH 2% f i (231,
2.3 Mg*&EX PP-g-MAMg 4 B 14 B8 I B2 1l

Fig.3 A Mg?*% & %t PP-g-MAMg FJ A HL 5 $0OR1 453 FE f1 1E U0 /O B2 Wi
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Fig. 3 Effect of Mg?* content on dielectric properties of PP-g-MAMg

H Fig.3 Al %1, Mg*& BEER RN NN, PP-g-MAMg ¥/ H& £ 26 B AR S T = s
JE R AT Re A, b B M2 g1 N2 AR sk [ T AR R N R B, B Mgt S E O,
BT ZRAMMEEER DS ERARA B A ETHERS, BRElTHTFHE8,
PP-g-MAMg K/ HLH B 7 . PP-g-MAMg I/ LA FEFE R A X AR AL B2 L 25 5, BE 45 |
Py AR (W 3G 0, FETH AR A SRS B g N, AR BB Ak S T R, AR B S R A 1) 02 T i R
TER I E R T st 0 BRI R, AR 2 s, U E MR Ak S, AR T W
WA ERAS EAN IR AR, AR B A, A AR B 2 gl N SR R gy
#r PP-g-MAMg-1 % 1F .
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2.4 Mg>& EX PP-g-MAMg i 5 3 & 1 5 W
Fig.4 N Mg®* & & X PP-g-MAMg ifi 7 3% 3% ¥ 52 1 () Weibull 434 &, Tab.3 & Mg?*
RN PP-g-MAMg R AE 7 28 37 58 {8 AT IR B+ 1 82 .

99

—e— PP-g-MAH
— = PP-g-MAMg-0.2
— e PP-g-MAMg-0.4
804 4  pP.g-MAMg-0.6
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Fig. 4 Effect of Mg?* content on breakdown field strength of PP-g-MAMg

Tab.3 Effect of Mg?2* content on characteristic breakdown field strength and shape factor of PP-g-MAMg

Characteristic breakdown field
n(Mg)/n(MAH) Shape factor(B)
strength value(kV/mm)

0 23.15 31.06
0.2 22.40 25.56
0.4 23.47 29.32
0.6 23.51 54.49
0.8 24.88 31.38
1.0 23.90 41.56

M Fig.4 o] W, BEE M2t & BN, PP-g-MAMg %5 1E o 2 37 5 4 56 0 /N 5 185 K 4R
JE N, PP-g-MAMg-0.8 [ RFAiE i % {8 f K& 3] 1 24.88 kV/mm, #HEL T PP-g-MAH 1
MY 7.47 %. @i E SR EH % PP-g-MAMg, /& M2t i T &8 2 BE A A R R A
DL B, FEURFAE S FE RN, BEE Mo S B R, &7 2 AR RN I NBIEK
M BE, WRH TR T iEsh, f# PP-g-MAMg AR E S M K, BT Mg & EN
SR, HTFETFARBERAMT S, REAMKE FEARNRR PR Z, FRRRES
FAE NS, AR T (B) R W], PP-g-MAMg-0.8 1) B M Xt &/, 54l PP (F4H 24,
Ut B 43 BRI A
2.5 PP-g-MAMg ] XPS 4> #7

Fig.5 4 fifi Jlg B2 85 Al PP-g-MAMGg-0.8 ) X S £k % e 1 g it o Eb 1 o
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Fig. 5 XPS spectra of magnesium stearate and PP-g-MAMg-0.8

Wik XPS EAE PP-g-MAMg-0.8 [t & M #& . ™1 Fig.5 7 LLE i, B8 fig 8 8+ Mgls
(1) &5 & He N 1303.5eV, PP-g-MAH & & 715, PP-g-MAMg-0.8 1 Mgls ] 45 & fig A
1302.6 eV, & W] fif fig B8 85 b i M2+ & il 3L IR B 1L N PP-g-MAMg.

g5 b fr ik PP-g-MAMg-0.8 45 & HL PR B8 d £, R ok DLk i A7 33k — 2B F 5 .
2.6 PP 5 PP-g-MAH BEMEEMENITWMEER

it PP-g-MAMg B B4 RE 2 BT il LLR B, PP-g-MAMg-0.8 (] 4 ,
e, KBHLE5 PP JLiR#| & PP/IPP-g-MAMg-0.8 BEREMEGME, KABEYE &
PP/PP-g-MAMg-0.8 & & # B 1 it 48 ¥4 g 52 1

Fig.6 *4 200 °CH}, 7 A~ [F] PP-g-MAMg-0.8 ¥ in & ~ PP/PP-g-MAMg-0.8 ¥ 3l 7 fifi fig
HE (GO B S A E(G) S AR (0) X & .

HF
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Fig.6 Relationship between storage modulus(G) and loss modulus(G") vs. frequency of

PP/PP-g-MAMg-0.8

H1 Fig.6 77 WL, BN PP-g-MAMg-0.8 J5, Tk R GG 54 PP M LL & 4T Fr 4R i, R
EM A, WGHMGRTMZ . X AR X E o0 8. 350 M2+ (78 77k 7
PP 7y T4k A 4 B g &5, i LB MERE$2 i o

Fig.7 N PP/PP-g-MAMg-0.8 1 & & % & (n*) B8 4 K 19 A2 1k .
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Fig. 7 Relationship between PP/PP-g-MAMg composite viscosity(n*) and frequency

NEMERZEMG FTEAEFES PP-g-MAMg-0.8 2 [ i1 5 R W Fig.7 Fi~. £ Fig.7
A LLAE B, PP-g-MAMg-0.8 M A X PP M E S E EmE K, 54 PP L,
PP/PP-g-MAMg-0.8 LB E RN E SR EA W E N &SR, ME MgEREW S ERNE KR,
PP/PP-g-MAMg-0.8 7 M X I B & R < W/, m i H e 2 B EMER R T E T
TERAE FRAEM TS T2 MEERRE, Bk “HEZBS” , WK THE.

3 &

A SLH % T PP-g-MAMg B R, i@id IR il XPS Xt H 3k 47 R AE, 8 ik W i 0 N &5 &
REFR O UE W T B =4, 40 T AR B T B X PP-g-MAMg B R4 1 44 1 L Tl
Ll o I 9 A A e BE I B2 ; PP-g-MAMQg-0.8 (14K B HL BH R A L 35 B 7.42x10M Qem,
M T PP-g-MAH #2 & 7 389.1 %. ff % 3% % 56 08/ J5 38 K fi J5 B ok, A B SR Ay
HL 30 FE 25 S5 1 K I/ o B PP-g-MAMg 5 PP LR il % PP/PP-g-MAMg, Jf X #f i it
1T 7T #r, PP 5 PP-g-MAMg FLIR 5 0T ELall PP, & 5 I fif Al B & A4 FE AR & 5 4l
PP #H Lt #A B¢ =i, PP/PP-g-MAMg LA RIME SR EGH B LA BH . X i B F
FERY KR PP IOEE, 28 PPEA~AE P IE N LRI, HIFHELER
BN FE A OC R B 5 mT DLAR AR B SR M T T %, R BEST AR X PP & AR A R
R REBE L PRt 7 — AN VISER AT T %, % T RRMBE A Trm, WESELBm K ERE
= L.

2% 30k -
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Rheological Properties of PP/PP-g-MAMg Ionomer

Xiuming Sun',Hao Yu', Wenlong Zhang"*
(1. School of Materials Science and Chemical Engineering, Harbin University of
Science and Technology, Harbin 150040, China;2. Yangzhou Longda Eletrical
Materials Co, Ltd, Yangzhou 225222, China)

ABSTRACT:PP-g-MAMg was prepared by blending polypropylene grafted maleic anhydride
(PP-g-MAH) with magnesium stearate. The dielectric properties, volume resistivity and
breakdown field strength of PP-g-MAMg ionomers were characterized by IR and XPS. The
results show that with the increase of Mg?* content, the dielectric constant and dielectric
loss of PP-g-MAMg ionomers first increase and then decrease, and the volume resistivity of
PP-g-MAMg ionomers first increases and then decreases, the breakdown field strength first
decreases, then increases, and then decreases; the rheological properties of PP/PP-g-MAMg
ionomer composites were studied by rotating rheometer. The results show that after adding
PP-g-MAMg, the storage modulus(G)and loss modulus (G) of the system are improved
compared with those of pure PP, and the high frequency region is more obvious than the low
frequency region; the addition of PP-g-MAMg has a great influence on the composite
viscosity of PP. Compared with pure PP, the composite viscosity of the PP/PP-g-MAMg
system is higher(n*) has an obvious upward trend.

Keywords: polypropylene; ionomer; rheological properties



