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PP 90 min. 150 mL
F401. DTAP .
40 mL 100 mL
MAH AR St CP 70°C 12 h.
3- 2- FTIR 180°C 2 x 107
Alfa Aesar 98+ % 99% . Pa 5 min 8 mm
N N- 12- Nicolet5700
cp PL-220 GPC
AR PLeel 10 pm MWD
N N- 1 2 4- 1 mg/L
1.2.2 150°C 1 mL/min. Mark-
1.2 Houwink kE=5.16x10"" «=0.69" .
1.2.1 '"H-NMR " C-NMR
2 L Varian Mercury 300 MHz
60°C . 'C-NMR 120C
30 min 15 min 4000 5 s. ' H-NMR
, 120°C 4000 4.
1000 mL MAO 1.2.4 30 mL
IBNB. AL/Ni = 1000: 1 IBNB 100 ~ 150 mg 0.1 mL 1h.
7 mg. 0.5 MPa 45°C 56 1% - 0.05
1h. mol/L. KOH- 1 mL
70°C 12 h. - 0.05 mol/.  HCI-
2 6- IBNB . GD
1 1. MAH wt% = 98.06 x ¢, x V, — ¢, x V, 2m
< ¢ o KOH- HCI-
NN Vv, V, KOH-
N NiBr HCI- m
- 1 Structure of the late transition metal catalyst bi 2 6- ’
Hisopropylphenyl  butane diimine nickel dibromide IBNB 1.2.5 100 ~ 150 mg
120
1.2.2 N N- DECA 16 h
Gel wt% = W, — W, /W, x 100%
1.2:1:1 0.4 nm W, W,
45°C 24 h. W,
HCI. 70°C 2
S0°C 2.1 HBPE
0% : HBPE
1.2.3 HBPE- g-MAH 5 HBPE “C.NMR 'H.
NMR ."H-NMR HBPE
.1.2 g HBPE 160°C 40 mL overall branching "
0-DCB MAH 0.12~0.24 ¢ CH, integral 2
DECA 0.018~0.06 g 0.012 g DTAP Branches/1000C = Total integral * 3 1000

20 mL o-DCB

B C-NMR
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5
7 1. HBPE-MAH"
HBPE 1B,
0= 19.75 BB, 6= 27.24 1 6-8'B, & =27.63 1722 em™ HBPE
YB, & =30.17 biB, & = 33.03 1 4-bB, & = —0—C =0 —R
33.38 1 5-a'B, 6= 37.02 oB, &= 37.34 . DECA  HBPE-g-MAH ¢
1B, 6=13.84 3B, 6 =293  700em” HBPE
oB, & =34.34 biB, o =37.99 B, & = DECA.
20.46 oB; & =34.34 1B, 6=13.84 oB; & c
=34.34 brB; 6 = 37.99 1B, ¢ = Terminal initiator

13.84 2B, 0 =22.65 oB, 6 =34.34 kB, ¢§ =
37.99

Table 1 Distribution of branches in the HBPE sample

Distribution of alkyl side chains

Overall

bran- Longer
., Methyl Ethyl Propyl Butyl — Amyl

ching’ n=6

49.56 108 57.72 0 14.43 11.61 8.00 8.24

“Calculated from 'H-NMR spectrum per thousand C atoms in the main

chain ® Calculated from '*C-NMR spectrum per thousand C atoms in the

main chain
aB, 7Bl pp,
0B, B'B, 1B

B ) a'B, V3B, 2B, 2B, 1B,

br 4-n L 1 1 1 L

35.0 30.0 25.0 20.0 15.0
o

_CHZ_
1 a

7.0 6.0 5.0 4.0 3.0 2.0 1.0

- 2 C and "H-NMR spectra of the HBPE sample at 120°C in o-
dichlorobenzene-d4

2.2 FT-IR
FTIR
3. HBPE a HBPE-g-MAH b
DECA HBPE-g-MAH ¢ 1786
em™" 1600 cm ™! 1722 em™ .
1786 ¢m™! 1600

em™! C=C

groups (1720 cm-1) DECA (720 cm™)

v

(1786,1650 cm™")

Absorbance

| | | [
2000 1500 1000 500
Wavenumber (cm ™)

- 3 FTIR spectra of a HBPE b HBPE-g-MAH and
¢ HBPE-g-MAH with DECA

2.3
EPDM HBPE
MAH
HBPE MAH DECA
2.
M, PDI . GPC
12
4- 2 h
Flory
M, PDI
GPC
10%  GPC .
2 MAH
20% WIW
0.4% 55.4% 2 3.
HBPE MAH HBPE
MAH HBPE
PE-MAH-PE . MAH
exciter HBPE
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Table 2  Effect of DECA on inhibiting side reactions during DTAP-initiated HBPE grafting with MAH
DTAP MAH DECA GD Gel content M, M,
Entry PDI
wt% wt% wt% wt% wt% g/mol g/mol
1 277000 822000 3.0
2 1 — 0.40 11000 42000 3.7
3 1 20 2.1 55.38 40000 240000 6.0
4 1 20 1.5 2.1 7.66 59000 251000 4.3
5 1 20 2.5 1.9 7.31 74000 291000 3.9
6 1 20 3 1.8 5.15 153000 415000 2.7
7 1 20 3.5 2.2 14.28 55000 378000 6.9
8 1 3 0.6 0 86000 256000 3.0
9 1 10 3 1.2 15.21 42000 179000 4.2
10 1 15 3 1.2 29.53 32000 90000 2.8
11 1 20 2.0 0 10000 31000 3.1
12° 1 20 3 1.9 0 14000 46000 3.2
HBPE synthesis conditions Cat.IBNB Al/Ni=1000 7=45°C P =0.5 MPa Grafting reaction conditions 7' = 160°C solvent o-DCB
“grafting maleic anhydride onto PP
HBPE PDI . DECA MAH
3~6 DECA 0% 15% M,
55.4% 8~10 MAH 20%
5.2% . DECA DTAP M,
3 45 6 DECA MAH
10% DECA M, 2.51x10° g/mol ’ TR
4.15% 10’ g/mol PDI HBPE  PDI DECA . pDI
N N- DECA DECA
. 2.4 N N- DECA
23 8 DECA DECA
HBPE MAH DECA
MAH . DECA 7 ECA 3- 2- FAA St
=3 DECA HBPE N N- DMAC
41 1l 4
I\
Table 3  Comparison of various inhibitors in suppressing side reactions during peroxide-initiated HBPE grafting with MAH
Peroxide MAH Additive® GD Gel content M, M,
Entry PDI
wt% wt% wt% wt% wt% g/mol g/mol
1 1% DTAP 20 2.11 55.4 40000 240000 6.0
2 1% DTAP 20 3.00% DECA 1.78 5.1 153000 415000 2.7
3 1% DTAP 20 2.60%ECA 1.68 65.8 138000 411000 3.0
4 1% DTAP 20 2.05%FAA 0.37 59.2 81000 308000 3.8
5 1% DTAP 20 1.54%St 1.47 15.7 35000 86000 2.5
6 1% DTAP 20 1.28% DMAC 1.05 33.5 24000 71000 3.1
* Additives have the same mol ratio to MAH
3 DECA FAA  MAH
4 .
.FAA c=cC

MAH

DECA
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St . DECA MAH  HBPE
St 4
St . 5 v MAH B-
2 DECA
St MAH
DMAC 4.
6 .ECA DTAP
MAH Kd,
DECA  FAA St Kd, 1
DMAC DECA HBPE
DMAC MAH
St MAH HBPE
HBPE
MAH FAA 3% HBPE
N N- DECA
i i Kd s
CHy—CHy;—(—0—0—C—Cl,—Clly —1t 2 CH3—CH2—C|—O*
CH;, CHj CH,4
DTAP
H, 0
. Kd, [ N .
CH3—CH2—$—O ———2 -~ CH;—C—CH; CH;—CH,
CH; Et'
" S-Scission )\/& N
Bt /_\ HBPE"(l)
( HBPE*(Il)
*
HBPE BN
HBPE*(1)
HBPE"(T)
HBPE (1) MAH HBPE-MAH*(1lI) HBPE () Crosslinking
HBPE"(IT)

HBPE-MAH"(IIT)
0
[ E

H-transfer
C~N Disproportionation
™ Et

HBPE-MAH (+H)
(DECA)

HBPE-DECA*(IV)
MAH

HBPE-MAH (+H)
H-transfer

(Stable, nitrogen-containing) Disproportionation

H * H *
HBPE—C——CH HBPE—C ——CH
¥ ) N\ Cl—N/Et
O/ O \0 g \Et

HBPE-MAH"(11l) HBPE-DECA'(IV)

Fig. 4 The probable reaction mechanism of the HBPE/Peroxide/ DECA/MAH system
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ECA FAA St

55.4% 5.2% M, 2.4x10 DMAC DECA

4.15x 10°. MAH HBPE DECA
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GRAFTING OF MALEIC ANHYDRIDE ONTO HYPERBRANCHED
POLYETHYLENE AND SUPPRESSION OF CHAIN DEGRADATION
AND CROSSLINKING SIDE REACTIONS

DENG Changfu' FAN Hong' GUO Chunwen' LI Bogeng' ZHU Shiping’
! State Key Laboratory of Chemical Engineering ~ Department of Chemical and Biochemical Engineering ~Zhejiang University ~Hangzhou 310027
% Department of Chemical Engineering McMaster University 1280 Main Street West  Hamilton ~Ontario  Canada L8 S 4L7

Abstract Hyperbranched polyethylene HBPE is a new type of polyethylene materials in addition to low-density
polyethylene LDPE  high-density polyethylene HDPE and linear low-density polyethylene LLDPE . It has
dendrimer-like compact globular structures. Due to lack of chain entanglements it exhibits better solubility and lower
viscosity than the other types of polyethylene. HBPE has attracted great attention in the recent years in both academic
and industrial researches.However as polyolefin materials HBPE suffers from such shortcomings as nonpolar nature
and thus lack of functionalities. These shortcomings limit its applications. Grafting of polar molecules such as maleic
anhydride MAH has been widely adopted in the modification of polyolefins.
In this work HBPE samples having high molecular weight M, = 8 x 10° g/mol and high branching density
the number of branches per 1000C = 108 were synthesized by solution polymerization of ethylene with a late
transition metal catalyst namely bi 2 6-diispropylphenyl butane diimine nickel dibromide IBNB at 45°C and
0.5 MPa.The Ni catalyst is well-known to experience a chain walking mechanism that is responsible for the
hyperbranched chain topology.' H-NMR and " C-NMR were used to examine the branching density and the type of
branches respectively. It was discovered that the types of branches were mainly methyl 50.54% and butyl
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20.30%

MAH was grafted onto HBPE through a free radical mechanism. Di-tert amyl peroxide DTAP was used as the
free radical initiator. However it was found that the HBPE/MAH/DTAP grafting system experienced severe chain
degradation and crosslinking side reactions during the grafting process. N N-diethyl cinnamamide DECA was thus
synthesized by the use of cinnamoyl chloride diethylamine and triethylamine which was used as an acid-binding
reagent. DECA was then used as an inhibitor to suppress the side reactions. The approach was successful and
efficient. The gel content in the grafting products was remarkably reduced from 55.38% to 5.15% . The M, was
almost doubled in reference to the use of MAH and peroxide DTAP only. The observation suggests that the chain
degradation and crosslinking side reactions were dramatically suppressed with the addition of DECA .

Compared to the other investigated inhibitors such as styrene St N N-dimethylacetamide DMAC  3- 2-
furyl acrylic acid FAA and ethyl cinnamate ECA DECA was found to be the most effective in suppressing both
chain degradation and crosslinking side reactions. We also found that FAA and ECA could effectively suppress the
chain degradation in the grafting system but the grafting system had high gel contents and experienced severe
crosslinking, St and DMAC had some effects on inhibiting crosslinking but there was still small amount of
crosslinking. The proposed mechanism is that DECA reacts first with HBPE macroradicals to form stable
macroradicals when DECA is added to the grafting system. The latter then reacts or copolymerizes with MAH to
form MAH-grafted HBPE. Because the formed stable macromolecules contain amide group both the chain
degradation and crosslinking side reactions are effectively suppressed.

In general in the presence of radical initiator HDPE mainly experiences crosslinking while polypropylene
undergoes chain scission. LDPE and LLDPE have both reactions simultaneously occurring. HBPE is more or less
similar to the low-density materials having simultaneous crosslinking and degradation. In the grafting studies these
side reactions need to be controlled. The current work elucidates the grafting mechanisms and provides practical
guidance in this regard.

Keywords Hyperbranched polyethylene Maleic anhydride Grafting Crosslinking Degradation  Inhibitor





