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Abstract — this article summarizes modification techniques of
the most popular polyolefin composite reinforced with short
natural fibers based on two interface modification strategies: filler
modification and matrix modification by additives. According to
analysis of published papers, it can be concluded that the fiber
pretreatment does not result in higher improvement of the properties
compared with adding coupling agent in the compounding
process.
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1. INTRODUCTION

Natural fiber composites based on polyolefins have gained
increasing interest over the past two decades in the scientific
community and industry.

Numerous strategies to improve the interaction at the fiber—
matrix interface have been developed and published, with
varying success. Incompatibility at the interface limits stress
transfer via the interface; reinforcement potential of natural
fibers or wood particles cannot be exploited to the full extent,
especially for short fibers and different particles.

The hydrophobic polymer matrices can protect the
reinforcements from the influence of humidity. A gap between
the matrix and reinforcement, as it can often be observed in
uncompatibilized filler, acts like a pathway for humidity into
the material (1).

The fiber—matrix interaction can be improved either via the
fiber, usually by modifying its surface, or via the matrix, usually
by employing additives called coupling agents.

There are two interface modification strategies: filler
modification and matrix modification by additives.

Frequently used fiber modification methods are silane (2),
(5), enzymatic (3), (12), (13), heat (4), (3), esterification (5),
(6), mercerization (2), (5), (7), acetylation (5) and acrylation
treatment. Several other treatments have been investigated with
varying success.

Additives used to improve the fiber—matrix interaction in
fiber filler rely on coupling agents, which are added during the
compounding in composite production.

Chemicals that have been tested for applicability as coupling
agents are: maleic anhydride (7), (9) and various isocyanate-
functionalized polymers (8), stearic acid (10) and titanium (11)
coupling agents.

II. FILLER MODIFICATION METHODS

A. Mercerization

Mercerization reduces the lignin and hemicellulose content
and also tends to increase the surface roughness of fibers.
Cellulose fibrillation increases the surface available for fiber—
matrix interaction and potentially improves the filler properties
of the composites (Fig. 1).

A
Fig. 1. SEM of raw oil palm fiber; (a) SEM of mercerized microfiber (b) (19).

OH+Na'OH™ ——— O~Na* + H,0

Fig. 2. Alkalization (2).
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NaOH pretreatment might be a useful first step in
combination with other fiber or matrix modification method
(Fig. 2). Alkalization process changes the structure of the native
cellulose I to cellulose II.

B. Silane Treatment

The fiber/filler pretreatment conditions are adapted to the
chemical structure of silane. Application is performed in
organic-based solvents, such as acetone acetic acid, carbon
tetrachloride, methanol/water, ethanol/water or ethanol and
water-based solvents. Alkaline pretreatment of the fiber/filler
can be done prior to the silane one. Silane fiber treatment in
combination with maleic anhydride grafted polypropylene
improves mechanical properties of the composite. The
silanization reaction schemes are given below (5).

CH,CHSIi(OH); + Fiber — OH
— CH,CHSi( OH),0O — Fiber + H,O

Nano-scaled silica species, which are suitable for penetration
the cell walls of the fiber pores synthesized by sol-gel method,
can be used (Fig. 3 and Fig. 4).
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Fig. 3. Schematic representation of the different stages and routes of the sol-gel
technology (17).
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Fig. 4. Sol-gel modified cotton fibers (20).

Two chemical modification methods reported by Brostow
et. al. have been used for wood sawdust treatment to improve
compatibility between matrix and filler using traditional silane
coupling and sol-gel method as second step (18).

C. Acetylation

Acetylation is usually performed using acetic anhydride,
acetyl chloride, ketene (Fig. 5). Acetylation of fibers reduces
water absorption of composite, has some potential to increase
mechanical properties, and is being applied industrially to wood
materials.

— N - 4 e
Fig. 5. Untreated hemp fiber (a) and acetylated hemp fibers (b) (21).

The acetylation reaction scheme is given below (4).

Fiber — OH + CH; — C(= O) — O — C(= O) — CHj
— Fiber — OCOCH; + CH;COOH|

D. Esterification

To increase chemical compatibility between natural fibers
and polyolefins, maleic anhydride can be applied (6). The
objective of this approach is the reaction of hydroxyl groups of
hemicelluloses and lignin with acetic anhydride, forming esters,
thus reducing its hydrophilicity (Fig. 6).
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Fig. 6. Esterification (14).

E. Enzymes

Enzymes are macromolecular biological catalysts widely
used in many industries including pulp and paper and been
extremely attractive “green” technologies (14). Enzyme
(fungamix) in demineralized water with pH 7.5 was used. The
tensile strength of modified abaca composites was found to be
increased by 5-45% due to the modification (13). Enzyme use
is usually combined with some of the matrix modification
techniques (Fig. 7).

Fig. 7. Natu.ral fibers untreated (A) and after enzyme treatment (B) (14)
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F. Other Filler Modification Strategies

Other strategies reported in the literature aimed to improve
the fiber—matrix interaction are: paper wet-strength additive
(Kymene), stearic acid [10], acrylic acid and benzoyl chloride,
potassium  permanganate and toluene-2,4-diisocyanate,
polymethylene (polyphenyl isocyanate) and polymeric
methylene diphenyl diisocyanate, m-phenylene bismaleimide,
bleaching (sodium hypochlorite treatment), octanoyl chloride,
O-hydroxybenzene diazonium salt (6).

Common modification chemistries of natural fiber surfaces
are: sulfuric acid treatment (provides sulfate esters), carboxylic
acid halides and acid anhydrides (create ester linkages),
epoxides (also create ether linkages), isocyanates (create
urethane linkages), halogenated acetic acids (create
carboxymethyl cellulose surfaces), and chlorosilanes (create an
oligomeric silylated layer), Fig. 8 (23).

III. MATRIX MODIFICATION METHODS

A. Maleic Anhydride Grafted Polyolefins as Matrix Additives

Matrix based strategies for improving the fiber—matrix
interaction in fiber filled composites rely on so-called coupling
agents which are simply added during the compounding step in
composite production. In most cases these coupling agents are
functionalized polymers with a backbone that should be
compatible with the matrix, and functional groups grafted to
this backbone that can interact with the filler (6).

Maleic anhydride two-part molecules polar groups create
chemical bond with natural fiber substrate (Fig. 9 and Fig. 10).

sosn

ﬁi

SO;H  SOgH

Fig. 8. Modification chemistries of filler surfaces (23).
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Fig. 9. Composite of durian skin fiber/PP composite without MAPP (a) and (b)
with MAPP (22).

B. Isocyanate Functionalized Polymers as Additives

The isocyanate functionalized polymers are less effective
compatibilizers to improve mechanical properties of natural
fiber composites than maleic anhydride grafting (Fig. 11) (6).
These two classes of coupling agents can be combined with
effects at least partly adding up.

“, 4+ WOOD—OH

—

Fig. 11. Coupling mechanism of m-isopropenyl-a,a-dimethylbenzyl-isocyanate
grafted polypropylene (15).

R

| . - .
Polymer— CH; —(’3 NN ;\ ]+ |
H o 4] (8] o 9]

|
Palymer—CH; — C — NN

Polymer—CH; — C —NN l
Polymer— CH; — € — "™

+ —_—
Polymer— CH; — C — ™
Polymer — CHy — (lr NN |

R

R - 4 —_ -
|
Polymer—CI; = C —"“"  +
: o 0 0% g o

R

[
Polymer—CH; — € =™

l. - '1
a 8] [ 0}\ 4]
Fig. 10. Mechanism for maleic anhydride grafting of polyethylene (6).

C. Other Matrix Modification Strategies

Other strategies reported in the literature are functionalized
polymers — oxidized polyolefins, carboxylated polyolefins,
acrylic acid functionalized polyolefins, polymeric methylene
diphenyl  diisocyanate,  vinyl-triethoxysilane = modified
polyolefins, polymer coupling agent m-isopropenyl-a,
a-dimethylbenzyl-isocyanate, glycidyl methacrylate grafted
polyolefins (6).

IV. CONCLUSION

The most investigated and also to have proven efficient in
polyolefin filled composites are: silanes, maleic anhydride
(applied to the fiber), mercerization (often just as a first
pretreatment step) and acetylation. Fiber modification strategies
require a pretreatment of the filler before composite preparing.

Maleic anhydride grafted polyolefins as matrix additives are
proven to increase tensile and flexural strength and to reduce
water absorption. The fiber pretreatment does not result in
higher improvement of properties compared with the coupling
agent added in the compounding process.

In several articles, the highest results were obtained by
combining more than one interface modification strategy.
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Zane Zel¢a, Silvija Kukle, Janis Kajaks. Poliolefinu kompoziti ar dabisku Is$kiedru pildvielu.

Raksta apskatitas popularakas uz poliolefinu bazes veidotu kompozitu, kas pilditi ar Tsam dabiskam skiedram, modifikacijas metodes, izmantojot divas atskirigas
stratégijas: pildvielas virsmas kimisko apstradi un matricas modific€Sanu, izmantojot piedevas. Izanalizgjot pieejamas publikacijas, var secinat, ka Skiedru
priekSapstrade nedod kompozitam lielaku Tpasibu uzlaboSanos salidzinajuma ar starpfazu modifikatoru pievienoSanu maisijuma. Abu strat€giju kombinacija
nodro$ina augstakus mehaniskos raditajus un labakus tidens absorbcijas rezultatus. Atkariba no pildvielas veida var atskirties kimiskas apstrades efektivitate un
iegtita kompozita Tpasibas.

3ane 3esua, Cuasus Kykie, SIinnc Kasike. KopoTkue npuposanbie noJimosiepHHOBbIE KOMIIO3UThI, ADMHPOBAHHbIE KOPOTKUMH NIPHPOIHBIMH BOJIOKHAMM.
B nanHO#1 cTaThe HCCIe0BaHbI MOMYIIIPHBIC METOJUKI MOAU(HUKAIINK KOMIIO3UTOB Ha 6a3e HOIHI(QPUHOB, HATIOIHEHHBIX KOPOTKUMHU HATYPaTbHIMH BOJTOKHAMH.
HccnenoBaHbl Be pa3iMvHbIe CTPATerHU: XUMHYECKasi 00paboTKa MOBEPXHOCTEH HAIOIHUTEIS U MOAM(HKALUI MaTPHIBI C HCTIOIb30BaHieM npumecei. [Tocie
U3y4YCHMS. M aHaIN3a JOCTYIHBIX ITyOJIMKALMA MOXHO NPUHTH K BBIBOJY, YTO IMpEIBapuUTENbHAs 00pabOTKa BOJIOKHA HE HAET OCOOEHHOrO YIy4YIICHHS IO
CPaBHEHHIO ¢ J0OaBKaMU cCMecH MeX(azHbIX MoaupHukaTopoB. KoMOuHANUS IBYX NPHBENEHHBIX CTpAaTeTHil AadT JIydmue pe3ylabTaThl B IUIaHE MEXaHHIECKUX
CBOJCTB M copOLIMH BOABI. B 3aBHCHMOCTH OT BUJ1a HAIIOJIHUTEIIS PAa3IMYaoTCes 9 (HhEeKTHBHOCTH XUMUUYECKOIT 00pabOTKH M CBOMCTBA IOIYYCHHOTO KOMIIO3HTA.
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