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Fig. 1  Molecular formulae of different acrylates
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Fig. 2 Grafting dynamics of different acrylates onto

LLDPE: (a) grafting ratio of monomers onto LLDPE

and (b) temperature profile
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Fig. 3  Grafting dynamics of HPMA onto LLDPE at

different temperatures
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Fig. 4  Grafting dynamics of HEMA onto LLDPE at

different temperatures
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Fig. 5  Grafting dynamics of HEA onto LLDPE at

different temperatures
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Fig. 6  GPC results of the products of the polymerization of

HPMA in dichlorobenzene solution

Table 1 Ceiling temperatures (T, ) of the different acrylates ([ M ]

=8 wt% ) obtained by the polymerization experiment

Monomer GMA HPMA HEMA EMA MMA HEA

T,(C) 130 ~160!") 130 ~160 >160 <130 <130 >160

975 T2 R 28 B AR e 43 o (L BELASORE RN ) HEJP AT
M(MMA) <M(EMA) <M(HEA) < M(HEMA) <
M(HPMA) ~M(GMA) (2)

XL 1 2% TN M TR TR 2K B A 9 i SR LR
Bk MMA 5 EMA Bk 5k H 4 iR 545 6 0 i
R i 5 R B BRAE  f BE. WD T, (HEA) > T,
(HEMA) >T_(HPMA) =M(GMA).

G4, Graeme %5 R FI R T R ~F 2 4h, 563
T B0 S A P R — e L R AT B R T
RESx PR N I (AH ) 38 K, ik — 20 il fif 3R L
. 2 AR H ER (methyl a-
ethoxyacrylate) i) fi# B 1R FEFE 110°C DA |, 2 &
PR TP G (methyl a-ethacrylate ) i) fif 5 ifi B A
Jg22°C 1 MMA Al EMA B0 Ol R & A i 5
BCHIREG RV (AH) 8%, (1), Hf#
R AL,

Table 2

Molecular weight of the acrylate monomers used in the

experiment

W 5 TR 2 2% B 1 it 2R UL 5 B R
108 BB 58 K B, 24 B il BE — 5 (158°C)) B, B
AT O ik SR 0L B R 7 W R B R X R R
il SR ek AN 0 I e, B 2 PR Ay i o e SR
T M R RS BOE K AR, S BOERCR M R
/i
2.2 BEEESEAVEMHXE

—SEF T B AR B B A R Y i BB U
JE 5 AR S5 R A O, H v 67 BN A
52 B K. AR 5 £ SR 1R BF (ceiling temperature, T)
fy 5

AH
] )

Oy T G5 23 5 W B G R A AR Y B AR
CAH,) RIS (AS, ), 30 T 55 60 75 6 0 2 96
F10) itk SR U B2 . AHL 2 A AR R Z 5T b, A A2 A AR wfe
PEAT S R4, AR S0 32 B A B4 A 57 BEL AR A
IR ] DAT 2550 X6 5 7 4% 14 532 Wie) Sk fife o fie 58 Tl
JERARTR]. — 2L WF 58N R, TE N M R T b, — fi
FEMAR, B B s N i — 20 S SO R IR R
106, 0 SR 4% Al 2 B I, Yamada 45 SiE
B oo S D A4 TR SIS R 110 e SR T B2 B A e R
2N DN %\

AR o 11 KNI 26 T3 2 p, LUB A
A7 BEL A0 Xof e SRR BE R S R TN 3R 2 R W45 T

Monomer GMA HPMA HEMA EMA MMA HEA

Molecular weight 142 144 130 114 100 118

L b, TR TR T 2 B A 0 i R L 52 B L 4y
- g (S RELAS O 6035 50 5 ) 19 S ), KL e B UL
He KN A -

T.(HEA) >T (HEMA) >T (HPMA) =

T (GMA) >T,(EMA, MMA)
FINE Z B AE R B Bk 1E R
75 GMA 25 B2 KG v , BRI 20 (SV R
By B A A o T B R R R R T B (R & R
[) A B R 2 B AR &R b in A S R PR AR A R ) 8
W% 20 (SO 1E S Bl B ik 78 HAAKE 25 #45 HL e
JORE 10 min J5 I 5E BR IR R K2 3 R

GMA K R AE AN St G i 1. 1% 34 hn 5]
2.1% X B R T St 5 GMA
P 3 A S R R B RAE [k | BT Ak R A
AL XETF EMA  MMA 8 A 4 4 58 5 42, o 18] B 0L
ZEH) T RN St 22 5 B MR A AR A i 4R T, A
0.2% ~0.3% L7 1.1% ~1.3%.

(3)
2.3

Table 3  Grafting ratio of different acrylates onto LLDPE with or
without St
GMA'™1  HPMA  HEMA  EMA  MMA
Without St 1.1% 1.7% 3.6% 0.2% 0.3%
With St 2.1% 1.7% 3.4% 1.3% 1.1%

HS2 g 45 R R B, X T HPMA Al HEMA 3R
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Y, BRI St TS H A A B B R IR R A Rk
A2 3 Al LUAT Alfrey Hil Price (1 Q- 22 2855 0 Ok
PEAT AR A G SR v B K 1 o R 3
FEAZ 3 AN E LM, 73 ) 3R AR, A A 2
AL B ZERE. F Qo 3 7m B A iy I B 2 iz, Q
RICHUAR M. e R FR A LRI, 2 e Oy
TEAE AR M L B e Sy B (BN D B H B 422 B 5
AR E L, AT LIS 5] .

Qi ertren)
= e eplep—ea (5)
Y1 0,
02 —ey(ep—ey)
= “Ze2lar (6)
Y2 0,

y, BORFR R 1 IR E A RS, RN
SEIREG 5Ty, W7 S 2 1 X0 L 1 3R a3k 3
IR SR 55 R A0 SCHR B K 25 Bl A ] BAR Y Q-e
E AT R AR 4 FoR.

Table 4  (Q-e¢ value and the reactivity ratio of different acrylate

monomers with St-?2]

St GMA  HPMA HEMA EMA MMA
0Q 1 0.96 4.38 1.78 0.76  0.78
e 0.8 0.20 1.8 -0.39 0.17 0.40
/s — 0.79  0.03  2.09 0.64 0.48
Tsvaa — 0.47  0.02  0.40  0.61 0.49

M 4 FORHE R B, GMA (EMA F1 MMA 1) Q
HHES St , RPWHEL EEILER, M =&
B IE, £ RN WA 55 St B AW 5], I
HPMA ) Q {H KK, MELL S St L. HEMA N4
TH e, WARS S St kAFLB N, J i
F HPMA Al HEMA S, A St B & R AN 2
X HEE R R B R

T S R Y T A R FE B 1 B ) R

HPMA Xf St {55 B H0E T 0, RWIU I St Ji5 3
NEE 5T i HPMA (6 Bt , H 4% 4 R R B3 3 AR
LF R . T HEMA X St () 356 %6 (2..09) [ St
X HEMA [ 58 54 (0. 40) R 2, R H A 5
KA LR RN, R R L HEMA [ 3 R RN
F. B IR St HAE AR A S K K.

3 it

ARSCXF B gE T OH 3 TN 0 R 4 K H i R
(GMA) H BN I B2 72 TS Bis ( HPMA) | H 38 179 4
iz ¥ . g (HEMA) | H LN IR 2 £ B (EMA) | H
FE TN 2 H R (MMA ) DL K TN s B2 72 1R (HEA)
25 TR0 PR TR A8 A K 4 R 28 1 3R 20 I B R
NE. S 25 B R, DR M TR i 21 B AR A3 SR e it
RS MR M B AL, I BOL B8R
K. 23 25 K X D 975 TR 1 24 B R 0 A 1 i 2R ot
AR . v (o7 BEL B R Y B A BRI
IR 72 R 55 A R R AH A B R PR A7, T g f
fiff R U B TR DRI X A S e TN 0 TR R 2
pR AR R EHEF ) T, (HEA) > T, (HEMA)
>T (HPMA) =T, (GMA) >T (EMA, MMA). i@
TR TR AR T R AN T LA SR Y i SR R
B, 360 UE T 38 2o B R S N A B W S5 18 IR 20
(St) 1Ay Bly B4 Xt N () B IR e R U SR AT T R
M. Horh GMA EMA Fl MMA 44 4 52 K R A St
B 1A T 16 5 s HPMA T HEMA [ 32 4% R R % St
IINBI S0 3% 5 A St 2 (Al g LR g Sy 2R A
KT E Q-e YA KT BRI St (1 5 3R 4R AT DA
AR G- fige g 3K A4 ) J
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MOLECULAR STRUCTURE EFFECT ON MELT GRAFTING
OF ACRYLATES ONTO LLDPE

Jia-lin Li, Zhi-qiang Duan, Cheng Gong, Xu-ming Xie

(Advanced Materials Laboratory, Department of Chemical Engineering, Tsinghua University, Beijing 100084 )

Abstract The melt grafting of acrylates onto LLDPE was investigated for monomers of GMA ,HPMA ,HEMA ,
EMA ,MMA and HEA by Haake mixer. It is found that, the depolymerization would occur during the melt
grafting process for the grafted acrylate oligomer chains when the temperature was higher than the ceiling
temperature (T,) of the grafted acrylate polymers, which induced the decrease in the grafting ratio of the
acrylates. T, varied with different molecular structures of acrylate monomers. The influence of the steric
hindrance and the special interactions between monomers was discussed. For the monomers with hydroxyl
groups (GMA ,HPMA , HEMA , HEA ) , the larger the steric hindrance is, the lower the reaction heat, which
results in the lower ceiling temperature. The monomers of MMA and EMA have no hydroxyl groups, so the
reaction heat is much lower, which results in the relatively low ceiling temperature than that with hydroxyl
groups. The order of the ceiling temperatures was finally suggested:T,(HEA) > T (HEMA) > T ,(HPMA) =
T (GMA) > T .(EMA,MMA). The solution polymerization in dichlorobenzene of the acrylate monomers was
carried out respectively and the ceiling temperature ranges of different acrylate monomers were identified,
which agreed well with the results of melt grafting. The styrene (St) was added as co-monomer to assist the
grafting of acrylate monomers onto LLDPE | and the effect could be predicted by the Q-e rule. The grafting ratio
of GMA ,HPMA ,MMA and EMA could be improved by adding St because they can copolymerize with St well
and the depolymerization in melt grafting could be depressed even at high temperatures.

Keywords Acrylate, Polyolefin, Melt grafting, Depolymerization, Q-e rule



