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# 1. Supplemental References on MAH Grafting onto the Polymer Backbone via Reactive Extrusion

Ref.

Ref.

Mixer

No. Authors Type® Type’ Claims/Notes

16 Saitoetal. P S MAH grafting onto SB or SIS block copolymer using a #20 mm SSE(L/D= 22). Residence time in the
extruder maximized by using a low screw speed (30 rpm, ca. 3 min. residence time). Grafting reaction
with long residence time or without radical inhibitors or in the presence of DCP gave product with 2
~58% toluene insolubles.

17 Akkappeddi ] S MAH grafting onto PPE(polyphenylene ether) in the presence of N-bromosuccinimide(NBS) using a

et al $25 mm SSE(L/D=24). 0.6 wt% bound MAH was obtained.

18  Shiraki P S A ¢20 mm SSE(L/D= 24) was utilized to graft MAH onto SEBS block copolymer. The product

et al. showed excellent impact property, adhesion, and thermal stability.

19 Bergstrom P S EVA, EBA, or LDPE/EBA was grafted with MAH using a #19 mm extruder with L/D= 20, com-

et al. pression ratio of 3: 1 and at 41 rpm. Products showed good adhesion to metals and polar materials.

20 Shyuet al. P M PP was grafted with MAH using a Brabender mixer at 180°C and 60 RPM under nitrogen
atmosphere. A mixture of MAH, peroxide, and catalyst were added in four portions over 8 min. after
complete melting of PP. Total residence time was 10 min. 2.3 wt% bound MAH was obtained with

. PP degradation.

21 Fukuietal P M Crystalline ethylene propylene random copolymer(EP) was grafted with MAH using a Henschel
mixer. The product showed excellent adhesive and impact properties compared to unmodified EP.

22 Wongetal P S, T  Either a single screw extruder with a mixing head or a TSE was utilized to graft MAH onto ethylene
/1-butene copolymer. Products showed applications in the coating field.

23 Grantetal P co-T A ¢28 co-rotating TSE was utilized to graft MAH onto ABS. The product was melt mixed with poly-
amide to provide a blend without delamination.

24  Kawata P co-T A co-rotating TSE was utilized to graft MAH onto a mixture of PP/ethylene propylene rubber/SAN-

et al. g-EPDM at 50 rpm. The average residence time in the extruder was 1 min. Products showed excel-
lent adhesion property suitable for automobile coating applications.

25 Taboretal P co-T A co-rotating TSE was utilized to graft MAH onto HDPE. Dicumyperoxide(DCP) was utilized as an
initiator. The product had 0.5 wt% attached MAH.

26 Krebaum P co-T HDPE was grafted with MAH using a co-rotating TSE at 300 rpm. MAH was dissolved in acetone,

et al. sprayed onto HDPE, and then the solvent thoroughly evaporated. The extruder consisted of 5 heating
zones with a mixture of 5 pph dibutyl maleate(DBM) and ¢-butylhydro-peroxide (TBHP) added to
zone 2. Products showed 110% tensile elongation compared to without DBM, and less than 12% elon-
gation.

27 Hogt. A I co-T PP was grafted with MAH using a ¢25 co-rotating TSE at 200 rpm and 200~240 'C temperature gra-
dient. Chain scission of PP was found to be more severe with MAH and catalyst than with catalyst
alone. Effects of MAH and catalyst on the grafting conversion and PP degradation is discussed.

28 Caywood, S. P co-T A ¢53mm co-rotating TSE was utilized at 12 rpm to graft MAH onto ethylene-propylene-1,4-
hexadiene copolymer(61.4, 32, 6.6 wt%). Barrel sections were divided into a short feed section, four re-
action sections, one vacuum port section, one cooling section, and a die section. Molten MAH was fed
into the first forward portion of the reaction section. The screws were composed of kneading blocks,
reverse pitch screws, and transport screws arranged to generate 0.7~1.4 MPa in the reaction zone and
no pressure in the vacuum section. The extruded product had ca. 2.2 wt% MAH incorporation.

29 Ganzeveld ] counter-T MAH grafting onto HDPE using a ¢40 mm counter-rotating TSE(L/D= 15). Optimization of the

et al. grafting reaction was difficult because of the non-simple reaction mechanism, and contrasting behav-
iors. A minimum in the grafting conversion versus the screw speed was observed due to the compet-
ing mechanism of improved mixing and decreasing residence time with increasing screw speed. In-
creasing the barrel wall temperature improved the conversion due to the enhanced initiator activity.
An increase in the number of fully filled screw elements favored conversion due to both positive
residence time and mixing in the extrude.

30 Yamamoto P Extruder Techniques for improved removal of unreacted MAH monomer using a #50 mm extruder(L/D=32) at

et al. 110 rpm. At L/D=16 from the hopper, glycidoxyproply trimethoxysilane was injected under pressure
and a vent port was located at L/D=24. Products claimed to have improved odor, improved peel
strength to aluminum, and improved adhesion to glass fibers.

31 Motooka P Extruder A ¢20 mm extruder with L/D=20 was utilized to graft MAH onto ultra high molecular weight PE

et al. (UHPE). A 30/70 UHPE powder and paraffin wax was dry blended with MAH. Products had en-
hanced adhesive property, and retained inherent excellent abrasive and mechanical properties of
UHPE.

32 Ideetal P Extruder A #30 mm extruder was utilized to graft MAH onto PP powder. Products claimed to have excellent
adhesion onto glass fibers.

33 Ohmura P Extruder A #0 mm extruder with L/D=28 was utilized to graft MAH onto ethylene/1-butene copolymer. The

et al. product had 0.35 wt% grafted MAH.

34 Luijketal P ? MAH grafting onto polyisoprene to produce a novel thermoplastic elastomer.

2 Ref. Type : P=U. S. Patent, J=Journal; & Mixer Type: M=DBrabender Mixer, S=Single Screw Extruder, T=Twin Screw Extruder.
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