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T A8 I Z 5 R B FURBR B8 (TAIC) 3 = R 4UBE =4 A 8BS (TAC) 154 2 A ks (PP) ta k44 & sk #% BF
(MAH) i3 42 W 4 5 = 486 & PP-g-MAH, 5 3K T @ bide . P A ® M e B8 5% M 69 % — kAT 7 sk, ah 3t
BB HLIR AT T 4R 4T ; vA TAIC A6, AT T 20 &5 PP-g-MAH HA F JEIRA sk £ (MFR) MM %A, 4R
R, 5 R UHEH AR, A B B F] TAIC 3 TAC A % = 34K, &4 PP-g-MAH BH £ # 3, MFR #1K,
R AR Ak £ MAH AR B84 T, % TAIC £ (& PP-g-MAH F PP i &8 8 44 ) d 0% 32w
£ 0.5% B, B4 E W 0.36% 3 £ 0.85%, MFR W 95.7 g/ 10 min % £ 38.2 g/ 10 min, # 449 PP-g-MAH & A T
PP/ 335 4F 4 (GF) &M A4 PP/ A (PA)6 &4 W , 45 R AW, B TAIC A 234 A, B AP A AH6Y g 52 HERR B4k &,
TAIC A ¥4 0.5% # &, f& PP/GF/PP-g-MAH /i & ¥t 34 70 /30 /0.7 3% PP /PA6 /PP-g-MAH i & ¥t 34 20 / 70
/10 B, 5 ke TAIC #9483k, PP/ GF S A&#heh b 5% B 5 wh 3% B e Tl 20 AL Z 5 3148 7 T 10.9%,20.8% F»
17.7%, PP /PA6 &2 B 2P K& b £3%E 5 Wik AT b iEES 5 53R A T 42.9%,8%,12.9% F= 8.8%.
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Melt Grafting Reaction of Polypropylene with Co-crosslinking Agent as Second Monomer
Yuan Zongwei', Wang Xuhua’

(1. Shanghai Cobil Chemical Company Ltd,.Shanghai 201800, China ;= 2. Institute 53, China North Industries Group Corporation, Jinan 250031, China)

Abstract : During the melt grafting of maleic anhydride (MAH) onto polypropylene (PP), the co-crosslinking agent triallyl
isocyanurate (TAIC) or trimethylene cyanurate (TAC) were added as the second monomer for preparing PP-g-MAH, which were
compared with the common second monomers such as styrene, acrylic acid and methyl methacrylate, and the reaction mechanism
was discussed. Taking TAIC as an example, the effects of TAIC content on the grafting rate, melt flow rate (MFR) and other proper-
ties of PP-g-MAH were studied. The results show that, compared with the second monomer such as styrene, the grafting rate of PP-
g-MAH is higher, the MFR is lower, and no irritation odor is produced by using TAIC or TAC as the second monomer. The grafting
rate increases from 0.36% to 0.85% when the TAIC content (the percentage of PP mass in PP-g-MAH) increases from 0% to 0.5%
with constant content of MAH, the MFR decreases from 95.7 g/ 10 min to 38.2 g/ 10 min. The prepared PP-g-MAH was used in
PP / glass fiber (GF) composite and PP /nylon (PA) 6 alloys. The results show that with the increase of TAIC content, the mechanical
properties of both materials are improved as a whole, the TAIC content of 0.5% is appropriate. Compared with non-TAIC, when the
mass ratio of PP/ GF /PP-g-MAH is 70 / 30 / 0.7, the impact strength, flexural strength and flexural modulus of PP / GF compos-
ites increase 10.9%,20.8% and 17.7% respectively, when the mass ratio of PP /PA6 /PP-g-MAH is 20 / 70 / 10, the elongation at
break, impact strength, flexural strength and flexural modulus of the alloy increase 42.9%, 8%, 12.9% and 8.8% respectively.

Keywords : polypropylene ; maleic anhydride ; melt grafting ; co-crosslinking agent ; triallyl isocyanurate ; trimethylene cya-

nurate ; styrene ; mechnacial property
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MAH J&, AT LM PP (g fding 25 has B A8 TE i
FE SRR AR RE IR B H H FH— i TR IR K
AR, ZEIRNE TH PP ¥ERLT1H , PP-g-MAH A%
T RNTREIG A ROR, $2= J2H PP ¥R FHMA,
SEJE ISR RISCR) A BT AR A AL

PP-g-MAH — R HIG Al A b A 742 7, |
¥ PP ot AT K57 . MAH B 55— kSR
A5, FOBUBFFET HALET I Rl eA o T2
¥ MAH a5 = R 28 A BT L. PP Al MAH
FE R RS R FNVE R PGl & A T R A2k
N7, T ROV s e AR S, HMLBR AR 2%, 7 3 b A P
P R ZAFAEERCRARAIL . PP Ff ™ S A )R

AN PP 324 MAH W LR T T K )
5T, X R B B2 = BB R RS PP R ik
{E2 i TR R ML — EAA RS R4, B Rl
TR 7 AR AR AR, R AN HE A RCR 1
Tr RIS ik, anah g U R 206 B N TR
Bl TR IR TR Y 45, 5 MAH L RIS T34, FH DA 4R
A ) B HERCRIT AR PP (R, o, A
X 20 VE R 5 — SR i i 9% e 2, VAR 1998
4%, H. Cartier 55 PV $2 ) T 78 MAH B0 6 G
1% 45 7K H I e 1 Bl kL PP 1R 2 o AR 20
A DL A3 AT R AR AN PP 5 A ™ A ) A ) AL i,
FEXILHEAT TR W N X R O AETE T Y
MAH & RlAE PP /R R AT TAOCARSE 7 X
SR e SCHR BT R 1B A L SRR AR AE S |
YIRE R iR, AT PR R RO I BAR . ]
mn, BAROR I SR R — E PRSCR B AESE
Bz = e ) b LR SR ARy A T ™
fn P PR Tk AR = e AR MR

VAt S AL 1 5l B S R, — s TR 3 S R
fiA iR (TAIC) Ml = H iR =N IR (TAC) & A 34
I P SE I R, R T 7 R ke s e R v, vl AR
HOMAZBREE AE R, BN Sk 51 & T, B T
PIFEFE R R4y F H 2L 0 A B %E 42 MAH, [ 21
B B AT RLKIR S 5 MAH 3k R ik, &L
TAIC Fl TAC fF R 5% — B ik 2 5 3| PP 424 MAH
Bt R, AR SEPR A P2 v PP A MAH 774
(AR AT R A ™ B 55 (] R, 3 el s 1R 37 )
HR (MFR) SR RGN T B L 5 IR 0
PR | F LN TR IR R 56 — BRI R R EAT T XF
oo feJa DL TAIC ISt ¥ i), %) AE GF 3550
PP 1R Z K PP IR AR R i i BEHEA T T I

1 SIEERSY
1.1 E=ZRHA

PP : T30S, MFR & 3.2 g/ 10 min, " [H f7 1k
YA T A RA L

MAH : Tlb 2%, RIEGF A TABRAF

TeME E AL — N ZE (DCP) : Bl 72 95 i DR (
HE ) A BRA

TAIC F1 TAC : VL4 B B AR R e A FR
N

E VAV NG R TSP 7 N NNT I S =
LB (KOH) %5 . o prali, [ 25 S A AR
FRAF]

GF : P [ E A e BRA 7 5

JeJe (PAY6 : ) AH IR AR A

U 1010 3 MG #7755 b A BRAF
1.2 EZBMELERAL

WA BFH AL HT-65 Y, A K AR H 48 1,
R R YBHLIR) T PR

HEEAPL: HDX50 B, o8 i RAUMAH A BR A
Al

MER %€ 1% : XNR—400B % , 7K 1 4 F14Y 25 il
WA PR

TSR T T BB AT RHA AL : HY-1080 7Y,
A AR PR

BRI . XTU-5.5 BRI 4 FL Y g
il A PR A

SEARRIE R DH-300 B, ARseth e
AP
1.3 RXAEH &

AR ELFE MAH 5| &7 DCP 55 — HUR7EN
i, SRR S PP B Bh IR A 3950, fR N R
FE R e e Jm FASUBFTF BT LSS Y IR il e &
IRVERET25 o SEBRT HEC A W R < 100 53 PP, 1.25
5 MAH, 0.25 15 JCH: DCP,0.5 (3145 1010,0.25
PR, RIS IR AT - ek 190°C,
Hh ] 52 B 200°C, ARt RHBE 180°C 5 HF R AILA% i
250 r/min, MRS H 60 1/ min( £ 200 kg /h).

B RT3 5 PP I GF 5 PA6 JLIR,
B LB kL, PP/ GF & MR EE T
ZIRBERUARIE L T2, PP/ PAG6 TRIR M HI UG
&R 250°C, Hop 5 i A AR TR

3 o T I 45 B PP-g-MAH 34 %5 PP/ GF
2 A M OE L PP/ PAG6 SLIR W il B AR HE I, PP/
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GF B A MBI T 28  BHEEEE 195~220°C,
M5 I Y B 190~215 °C, 152 HL il B 50~80°C ; PP/ PA6
IRV TS T 2000 - BHETRE 250~280°C , WM iR
& 250~275°C , B ELIRE 80~90°C ; W AP b4 RIIY 1 ¥
JE 1358 70~130 MPa, {3 53 35k vh s s, 12 40
]34 10~30 s
1.4 HEAEnZ

AR MAH 2 5 R o 14 & Bk
TN, SR FHAG A0 7 TR B BRI
291 g, % T 150 mL —H & (150°C), I3 2 h
JEEIA 100 mL Z b, L4 A U TE H Ok, DLBR
FR BRI SR R ERAR (B R A 77 A RS . DUTED)
2 80 CHZ T2 h JFEHHFA 150 mL — 2K
o El g 1 oh, 2805 1A 10 mL 11 0.05 mol /L
) KOH- OB RARZE MR 15 min, LA RIHEEEL
Yrrb S A R, SR 5 2 RO L 19 Bk 7 75,
0.05 mol /L [ 4R — — W R & BL 5. R
FHAH [ vie i AR KOH— 2 T3 W LA B AH [] e
FER O — — B RS WA TR a2 A5 JRE A 25 1
FESZES ( HA PP JHA T AE o

PRI E AT PR

Ny = Cxon X Vion=Cuiac X Vi
N = Cion X Vion— Cuac X ¥ hac
Ny= Ny—N3
G ={[(N./ 2) x 98] /M} x 100%

s Croy——KOH- £, V5 R 1 1) o 1) i vk 3,

mol/L ;
VKOH—le]/\E/‘J KOH- AFEHERARFL, L 5
Cune—— LR — VARV R o 1) B TR
mol /L ;

Viae— R0 2 SER P A 2.1 — —H
AEWAT, L
25 I LR IAR LR - 7
AR, L
G —HHE, % ;
M—HY R, .
1.5 Mgl
FrfhPEfEi ASTM D638-2014 s, $7 i 3 %
4 50 mm/min ;
M REFE ASTM D790-2003 3, 2t o %
2 mm/min ;
MR EEFE: ASTM D256-2010 i ;
MFR #% ASTM D1238-2004 Wi, I3zt 4512y

’
V HAc

230°C,2.16 kg ;

B ASTM D792-2007 il
2 GHR5ITE
2.1 = SB4kAE AT PP EakdAl MAH #9HUI2IR 5T

XFF MAH J& DU Foe U 3 R e 42 1, A
M E A 3 FIER, LA T —/REF ™, 4
(i A T R O, SO MRER Y Y B 20
R 85 L, AMNAREY P AT 8 1Y
WA HIE ., W. Heinen 25 3@ - BT & 8 MAH 1E
Rl P AEAE I S BRI R AR B 1) 45 40 2% VT AH
Ko MAH 7638 206 h AT LB At A (IR W A7
TE 5 MFE & A KA SR T 1 B IER AR L
ZEHL PP (iPP) ', MAH LA RIE s A b 18
PP 2153 & i i (AL R k2 PP vt FRE BT )
)W, MAH 3 1o XUB 4 T B (3 2

R H BB TE  MAH 42 4% PP B9 HLER IR J& A7
FEAR R AR DL R PRS2 F A BB 1 . — R e
A PP KA A B R A S R i T
MAH [ 3 23 T30 108 BH ARATHR i e R 1 ] i
SAELE PP ISR SIS ; R 2 h MAH
23k AR, B MAH #4573 PP F2 LR IE L
FE A PRI 5 A R A 2 R e A R ) A
Z—o NI W A BIRIGE T8 ROk 2
A SR S AR AR, BEIE L 3X E BAR 1 F
I MAH Je 6 BURRIA, SR 5 FREEHE B K70+ A
A3 [, SR R ik FURBRARLIR S , SEPRid Ay
B EHINHEXAN TP ks
MAH &, 045 R A 3R E; A MAH
PR R o7 A 3 L RO, A 55 AR
KT H i F I, I8 P B SRIARRL
FIRF A B LR KREBOCHER A ik
it R A 1 i PR 5 LA [ ) LB T R
T MAH, 55 2 55 — 54K 1) 25 |2 BH /N T MAH,
PEES R R S A R K F A 2 L (X
2% A AU S AR AR B X T PP-g-MAH,
MAH & HA EZ DRI A, 5 MAH #4584
JEE A H AR, MRS AR R4 MAH 1Y
E & U R RN T OF (R %25 2 N e S B
IR PR A 2 B A, LU A 0 M R AR, 2 i) £z BHL AR
IR B R SRR R R, BRI
TR LA B WU Y 5 BT LR R e R
R AASEBRR IR A, T SRR
AR, DR Tl AR T PP-g-MAH B4 %
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2.2 REF % =34 TF PP-g-MAH #y M 48 Hu 4k

F 1 AR KT PP-g-MAH /Y MFR %
RS, 3R 1 AT, H RS AR 2
I PR TR PP S DRI TR PR T O 0 1 SR Bl
AR AR, Bt R T e A B AT AT
FLIFEHEER iR MAH $24305%, 1 FLsk S AR 3% Bk 45
FERYPHTAR TME SR, XA R H i
B TARKGEMA, RIHAE PP A A Rl S ot R s ik
B BRI NG, SRR Rl LA

x1 TEEZBEKT PP-g-MAH i) MFR &8 E R Sk

SRR MFR/[g- (10 min)"]  4EEER /% Sk
7 95.7 0.36 ik
RS 86.4 042 IKHESUE
iR 89.8 035 Mk
HA ST H T 90.2 0.38 PN OIS
TAC 485 0.63 1%
TAIC 45.8 0.69 1%

DL TAIC 5%, TAC SN 58 B, ml L& B 4%
(%) PP-g-MAH #2455 KR 45 =, H MFR B i FE AR,
[] B I A5 32 B 0 RO U ARAES, WA 7 A R
M, XS TAIC Fil TAC 43 FH&A 3 At
C—C XU, ani&l 1 frzr, HACHK A AT LU RT LA 2 X
FERIA %42 3 K+ H 5 - BAR TAIC Fil TAC
FEERR T [FIRERT DU A LR AH BT 1 A o
HRER B AR, RIS 4 TR AR B SR 1 ]
BHIAT LS K50+ H R Al 5 MAH %4, HL
AT RIOR O S RS MAH Z R A
82 RN 2 (AR T 456 R, Bl sc k5] TAIC
H1 TAC A DA SRR 53 H R EE AN 542 MAH, A
A S FL2 TRl S T 200 PP BRI [l H2 ks
MAH % #:8] 7K o F45 b, RIA PP ) MFR K
R AR R R = . AEANTS INEE B iy 1
R, P2 SR MAH 3% B S 8000k, 73
TR 2 IR LN TR R 5, 7= i A TR
A AR B IS T TAIC A TAC A5
FEARTC AR, [RIHEA R 1) B e A 2= SR R Y
MAH AT /D, 77 i i ORI

AN a
RS
N&V OJ\NJ\O

’ Vad

TAIC TAC

A

K1 BhiscHE TAIC Fil TAC 4=t

2.3 TAIC A&} PP-g-MAH 14869 %R

h# 1A LLEH, 5 TAC M, TAIC /5 —
PAPKINE, PP-g-MAH 19 MFR B A, 42245 8% 5,
DL TAIC Jy 6], 75 MAH K H & 20 43 FH & A28 1
TEOLR R T TAIC 4 (LA PP-g-MAH H PP
R 28R R ) X PP-g-MAH () MFR 2K R
A 25580036 2 IR .

%2 7A[FE TAIC BET PP-g-MAH ) MFR.3EH R K Sk

TAIC J# /% MFR/[g- (10 min)"'] $40% /% Ak
0.25 458 0.69 ik
0.50 38.2 0.85 ik
0.75 30.4 1.06 fi%
1.00 25.7 1.18 1%

i 2 a0, Bl TAIC FH & A9 3%, B 48 MAH
(AR, (HE A R AR 20 m, A s 2
1) MAH #8057 PP K3+, [l 2R K5k B iy
MAH f i — 25 Jlb, = i SR AR, 5398, MFR
B TAIC FH 53R et KR FEAIC, 7T LIACh PP (R
SREFEFETE— D13 g, DL 25 SRR B Bl g B
TAIC BE#% R B 383 K53+ F H 3 FdE 3 MAH, M
FE SRS B RERR A RIS AR B MFR .

2.4 TAIC /& PP 3§ 3& fn 304K 2 649 12 )

* 3K 4 57 5 kA 7] TAIC ] & T PP-g-
MAH %519 PP/ GF & & M KL Fl PP/ PA6 & 4 1Y
Ji2EvERe 5 % B, Hoh PP/ GF / PP-g-MAH 1 it i
It~ 70 /30 / 0.7, PP/ PA6 / PP-g-MAH H Jii 1 [t

A120/70/ 10,
*3 A TAIC BET PP-g-MAH 4% PP/ GF
EaMBHNZERESTE

= /o,
5 A TAIC I /%
0 0.25 0.5 0.75 1
FrfsRE / MPa 83 83 82 84 85

W3 /% 5.4 55 5.8 5.9 5.9
il /(T mT) 267 270 296 304 310

2558 )E / MPa 120 123 145 147 151
AR /MPa 5758 5760 6780 6881 6990

FHE /(g cm™) 12 12 1.2 1.2 12
#& 4 7AE TAIC HET PP-g-MAH % PP/PA6
AENNZHESEE

5 A TAIC FH: /%
0 0.25 0.5 0.75 1
FrsRE / MPa 46 46 47 48 48
Wi B4 /% 42 45 60 65 66
il E /@ m) 760 763 821 844 847
R / MPa 62 64 70 71 72

MR /MPa 1640 1648 1785 1780 1783
I /(g cm™) 1.06 1.06 1.06 1.06 1.06

3% 3 15k 4 v LIE 1, 7E PP-g-MAH HIIA
TAIC Ji7, JCiE & PP/ GF B -5 RHAJE PP/ PA6 &
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&, HJpZe ke sk LA rde F. #£ PP/GF &
Ak e nE R A R R i A Y B
TH#5 R B 5, 24 TAIC & 1 0% 59 & 0.5% i, H
Iy SIRTET 10.9%,20.8% F1 17.7% ; 76 PP/ PA6 &
S, W A el i A R S s
R THAE B R, 24 TAIC 1 0% 14 % 0.5%
mf, HA BT T 42.9%,8%,12.9% F1 8.8%. Zi4
2 ] LA, TAIC A A 23 i PP-g-MAH 1 4%
KOREE R, MFR T R, X2 S8 PP 3L & Rk
Ga iRt m R A . aTLIE ), TAIC X} PP
/ GF AW BT PP / PA6 44 155 BE VAT 41

4 TAIC & 0% 3% % 0.5% B, PP-g-MAH
AIHER % 0.36% 14 0.85%, MFR 1 95.7 g/ 10
min [ % 38.2 g/ 10 min, 1fi 24 TAIC FE4kszi fin
I, EAR IR — P4 . MFR #F— 2P FEA%, (2
PP/ GF &K EHHI PP/ PA6 & 4 1 124 PE e R 4
TRTHRA R, L A A = AR SR &R, TAIC 1
T Y PP-g-MAH #:A4R L 0.85% A2 47 0 HL, #E I
SER AT LA i — DRI MFR.
3 &ig

(1) FH LTI 20 TS TR o F S TR R P R
B TR, 7E PP R MAH AR T, SR BhAgEk
# TAIC 5% TAC 1R 55 —HAK, il 1549 PP-g-MAH
R =y MFR I HL AT 72 Ao <Ok

(2) bl Bh 2 B %) TAIC HIEEAY3S i, PP-g-MAH
FRIBEA AL, MER B FAAIC

(3) A TAIC fY PP-g-MAH 7E PP/ GF & &4
LA PP/ PA6 &4 T IR FH R, TAIC W] LI =
PP ¥4 FIHRAR R 1256 1 PERE, TAIC =
L 0.5% AR, i) PP-g-MAH FY4EA%H 0.85%.
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