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Abstract Wood flour (WF)/polypropylene (PP) compos-

ites have been made by extrusion and hot press

compression molding. The composite water uptake and

flexural properties were investigated. The composite frac-

ture surfaces were studied by SEM. WF esterified with

octanoyl chloride was used in WF/PP composites to

improve the composites’ water resistance. Maleated poly-

propylene (MAPP) was also studied and compared with

esterification by acid chlorides. Esterification by octanoyl

chloride reduced the composite water uptake. However, the

C8 chain is still not long enough to form effective entan-

glements with the PP matrix. So, despite enhancements in

hydrophobic interactions, flexural strengths and flexural

moduli decreased. MAPP (MW = 47000) polymer chains

can entangle with the matrix polypropylene molecules.

Therefore, when MAPP’s maleic anhydride functions

esterify WF surface hydroxyls, improved water resistance

and composite flexural properties were achieved. The

modifier chain length is of critical importance and more

important than the surface density of hydrophobic groups

for improving WF–PP interfacial adhesion and composite

mechanical performance.

Introduction

High oil prices have induced a change in consumption

habits. Renewable and low energy-cost materials are

gaining popularity. The use of light weight, renewable

natural materials instead of heavy metal or mineral-based

materials is important to generate lighter materials. Wood

flour (WF) has advantages, including low density, renew-

ability, and availability [1]. It has been used as a filler in

polymeric composites [1]. WF/PP composites have the

largest market share among natural fiber/plastic composites

in building materials, furniture, and internal car parts [1–3].

Addition of WF improves PP composite stiffness. WF/PP

composites have acceptable mechanical properties, but

surface incompatibility between WF and PP, and water

absorption by WF/PP composites are still major problems.

They cause degradation and mechanical performance los-

ses [4–8]. These problems are caused by the hydrophilic

hydroxyl groups existing in the WF’s structures.

The WF/PP composite properties can be improved by

modifications of the WF and the PP matrix. The choice of

modifiers is critical to composite performance. Maleated

polypropylene (MAPP) is the most researched additive to

improve the WF–PP compatibility and adhesive bonding at

the interface [9–11], although other methods have been
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investigated [6, 12]. We previously converted WF surface

OH groups to hydrophobic ester groups, greatly reducing

water uptake [13]. When appropriately modified, WF

reinforcement can improve composite stiffness and

strength.

In this research, WF was esterified by octanoyl chloride

in either chloroform or dimethylformide. Octanoyl chloride

is a small molecule acid chloride which can be reacted in

high yields with a high density of surface hydroxyl groups

by esterification. MAPP is a large polymer molecule that

can only form a low density of ester bonds to surfaces. The

effects of octanoyl chloride esterification of WF versus

MAPP addition to the PP matrix (and esterification of WF

surfaces) on the composites’ water absorption and

mechanical properties were investigated in order to com-

pare these two approaches. These results were compared to

those of unmodified WF/PP composites prepared

identically.

The smaller octanoyl chloride should be able to esterify

a higher fraction of surface region hydroxyl groups while

forming a hydrophobic WF surface. In contrast, a smaller

fraction of surface hydroxyl groups will react with MAPP

since diffusion of the large polymeric MAPP is sterically

blocked by the larger surface region coverage of each

MAPP molecule and slower MAPP diffusion rates. MAPP

chains can better entangle with the PP matrix and each

MAPP at the WF surface may have a larger effect on

enhancing surface hydrophobicity than a single C-8 ester

function. Nevertheless, surface hydroxyl functions will

remain unesterified in the vicinity of each surface-bound

MAPP. Therefore, comparing octanoyl chlorides versus

MAPP modifications is of interest.

All the composites were prepared by melt blending in an

extruder and hot press compression molding. The com-

posite flexural strengths and flexural moduli were obtained

by third-point bending tests. Fracture surfaces were

investigated by SEM.

Experimental

Materials

Southern pine wood flour (80 mesh, 180 lm) was provided

by American Wood Fibers Inc. PP (AP 7710, melt flow

rate = 10 g/10 min at 190 �C/2.16 kg) was provided by

Huntsman Corporation. The PP melting temperature range

was 169–182 �C. PP was ground into a powder (\2 mm)

before use. Maleated polypropylene, MAPP, (G-3015,

MW = 47000, maleic anhydride \1.0 wt%) was provided

by Eastman Chemical Company. WF was esterified with

octanoyl chloride in chloroform and in DMF as described

in our previous study [13]. p-Dimethylaminopyridine was

used to catalyze these esterifications and triethylamine was

the stoichiometric base [13].

Preparation of composite blends by extrusion

The composite components were premixed with a Tele-

dyne Readco mixer (York, PA, USA) at room temperature.

Then the mixtures were further melt-blended by a high

shear, single screw microextruder (Model: RCPR-0625

Compounder from Randcastle Extrusion Systems, Inc.). A

screw rotation speed of 35 rpm was used. All the five

heating zones of the extruder were set at 182 �C. The

extruded samples were cooled to room temperature and

then granulated into small pieces (\4 mm) using a Model 4

Laboratory Mill (Arthur H. Thomas Company).

Three levels of WF were investigated. WF/PP weight

ratios of 20/100, 40/100, and 60/100 were employed. WF

that was unmodified was used at all these levels. Esterified

WF and WF with added MAPP were then compared at

these same WF/PP ratios.

Preparation of composite panels by compression

molding

A PHI Q-23 compression hot press (Tulip Corporation)

was preheated to 182 �C. A specified amount of the gran-

ulated WF/PP blend was weighed into a mold (127 mm

length 9 76.2 mm width). The mold was placed on the

press for about 20 min and the PP melted. Then the pres-

sure was raised to 1.8 MPa and this pressure was

maintained for 20 min. Subsequently, the pressure was

raised to 3.6 MPa and then the heating elements were

turned off. When the temperature dropped to 32–37 �C, the

pressure was released and the sample was removed. Sam-

ple panels were cut for water absorption and mechanical

tests.

Third-point bending tests

Five specimens were tested in bending according to ASTM

standard D790-92 [14] for each treatment group (C8-WF

and MAPP-PP), both before and after water absorption

testing. The specimen size was 76.2 mm 9 25.4 mm 9

3.2 mm. All the specimens were tested on an Instron 5869

testing machine with a crosshead speed of 1.27 mm/min.

Water absorption tests

Water absorption tests were conducted according to ASTM

standard D570-98 [15]. The specimens were entirely

immersed in distilled water for 24 h. The percentage

increase in weight during immersion was calculated. Five
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76.2 mm 9 25.4 mm 9 3.2 mm specimens were tested

for each treatment group.

SEM of WF/PP composite fracture surfaces

SEM was performed using a JEOL JSM-6500F 5.0 kV

scanning electron microscope. The sample surfaces to be

observed were coated with a thin layer of Pd/Au (*7 nm)

before testing.

Results and discussion

Unmodified-WF/PP composites with different WF

loadings

The properties of unmodified-WF/PP composites are

highly dependent on the WF loading (Fig. 1). High WF

weight fractions increase the composite hardness, but they

may also decrease the composite strength due to the defects

existing in the WF/PP interfaces. The hydrophilic WF’s

surface area and the total amount of –OH increase as the

WF content increases. Both of these features increase the

rate and amount of water uptake. Furthermore, the WF can

eventually absorb water throughout fiber particles.

Unmodified-WF/PP 20/100, 40/100, and 60/100 (w/w)

composites were prepared. This series of unmodified-WF/

PP composites were designed to investigate the effect of

unmodified-WF loading on composite water absorption and

mechanical properties.

Water absorption tests

The water absorbed by unmodified-WF/PP composites at

different WF loadings are summarized in Fig. 1. The

amount of water absorbed by the composites increased

significantly when the water immersion time changed from

2 to 24 h (Fig. 1). The difference in water absorption after

2 h among the 20/100, 40/100, and 60/100 (w/w) WF/PP

composites was small, because only a small amount of

water absorption had occurred at this stage and the systems

were far from equilibrium. Composites with higher

unmodified-WF loadings absorbed significantly greater

amounts of water at 24 h (Fig. 1). The 24-h water

absorption of unmodified-WF/PP (60/100) was more than

four times that of unmodified-WF/PP (20/100) composites.

It is obvious that the water absorption is highly dependent

on the WF loading. Water absorption studies showed that

uptake continued and even after a one-week period, equi-

librium had still not been achieved. These data are not

included.

Third-point bending tests

Third-point bending tests were conducted to obtain the

composite flexural strengths and flexural moduli. Figures 2

and 3 summarize the flexural strengths and flexural moduli

of (20/100), (40/100), and (60/100) WF/PP composites

before and after water immersion for 24 h, respectively.

The composite flexural strength decreased only slightly

with an increase in WF loading in the composites, both

before and after water immersion (24 h) (Fig. 2). This
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Fig. 1 Water absorption of unmodified-WF/PP composites with

different WF loadings. Composite 1: WF/PP (20/100); composite 2:

WF/PP (40/100); composite 3: WF/PP (60/100)
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Fig. 2 Flexural strengths of unmodified-WF/PP composites with

different WF loadings before and after a 24-h water immersion.

Composite 1: WF/PP (20/100); composite 2: WF/PP (40/100);

composite 3: WF/PP (60/100)
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decrease is most pronounced at 60/100 WF/PP ratios. WF/

PP composite flexural strengths remained almost constant

after a 24-h immersion in water.

The composite flexural moduli increased substantially

(in contrast to strengths) with WF loading (Fig. 3). The

flexural moduli decreased at each WF loading after the

24-h water immersion and this decrease was most

pronounced at the largest WF loading. The water absorp-

tion occurs within the WF portion of unmodified-WF/PP

composites. Water absorption can modify wood fiber

mechanical properties and induce dimensional changes by

swelling individual fibers. Water moving into the cell walls

increases cellulose and hemicellulose hydration. This could

cause the decrease in unmodified-WF/PP composite mod-

uli. Other long-term problems include fungal and bacterial

growth which would eventually degrade unmodified-WF if

sufficient moisture is present.

SEM of unmodified-WF/PP composite fracture surfaces

SEM of fracture surfaces were obtained to investigate the

unmodified-WF dispersion in the PP matrix and the nature

of unmodified-WF–PP interface. Fracture surfaces are

shown of unmodified-WF/PP (20/100) composites (Fig. 4a, b)

and (60/100) composites (Fig. 4c, d). No obvious differ-

ences in WF dispersion and WF–PP bonding were

observed between these WF loadings. Unmodified-WF was

well dispersed in the PP matrix (Fig. 4a, c). Many fibers

were exposed in the fracture surface (Fig. 4a, c) with little

or no PP adhering to the fiber surfaces. This is most easily

observed in the higher magnifications (Fig. 4b, d, see

arrows). This shows that facture failure mainly occurred at

the unmodified-WF–PP interface instead of within the PP

matrix. This demonstrates that the WF–PP matrix bonding

was weak. The difference in mechanical properties
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Fig. 3 Flexural moduli of unmodified-WF/PP composites with

different WF loadings before and after a 24-h water immersion.

Composite 1: WF/PP (20/100); composite 2: WF/PP (40/100);

composite 3: WF/PP (60/100)

Fig. 4 SEM micrographs of

unmodified-WF/PP composites

with different WF loadings: a, b
WF/PP (20/100); c, d WF/PP

(60/100)
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between the (20/100) and (60/100) composites was mainly

attributed to the change in WF content, but not to the

differences in WF–PP bonding or WF dispersion.

Effects of WF esterification and use of modification

effects

Two types of modified WF, namely, C8-WF(CHCl3) (WF

esterified with octanoyl chloride in the solvent, chloroform,

weight gain ?10%) and C8-WF(DMF) (WF esterified

with octanoyl chloride in dimethylformamide (DMF),

weight gain ?80%), were prepared [13] and then used in

the C8-esterified WF/PP composites. C8-WF(CHCl3)/PP

(60/100) and C8-WF(DMF)/PP (60/100) composites were

prepared. The weight of WF instead of the weight of the

esterified WF was used in the composite formulations. This

kept the amount of fiber reinforcement the same for com-

parison with composites made with unmodified WF. For

example, in the C8-WF(CHCl3)/PP (60/100) composite, the

60 represents the weight of WF, not the weight of

C8-WF(CHCl3). The real weight of this C8-WF(CHCl3)

was 60 ? 60 9 0.1 = 66. Unmodified-WF/PP/MAPP

composites with different MAPP concentrations (1, 2, and

5 percent the weight of PP) were also prepared. Both of

these types of composites were compared to the unmodi-

fied-WF/PP composites.

Water absorption tests

Figure 5 shows the water absorbed by unmodified WF/PP,

C8-WF/PP composites, and unmodified-WF/PP/MAPP

composites with WF/PP = 60/100. After a 2-h immersion in

water, the weight gains of unmodified-WF/PP, C8-WF/PP,

and unmodified-WF/MAPP/PP composites were \0.3%.

However, the extent of water absorption by these composites

increased as immersion time increased to 24 h. Water uptake

was much greater for the unmodified-WF/PP composites

(composite 1) than for the C8-WF/PP composites (com-

posites 5–6), and composites containing MAPP (composites

2–4). MAPP addition reduced the 24-h water absorption

weight gain of unmodified-WF/PP composites. The higher

the MAPP loading, the lower the 24-h water absorption

weight gain became (composites 2–4). The C8-WF(DMF)/

PP (60/100) composite absorbed far less water in 24 h

(0.324%, composite 5) than any of the other composites.

C8-esterified or employing MAPP are effective at decreasing

the rate of water uptake.

Third-point bending tests

The flexural strengths of unmodified-WF/PP, C8-WF/PP,

and unmodified-WF/MAPP/PP composites with WF/PP =

60/100 (before and after 24 h of water immersion) are

illustrated in Fig. 6. The flexural moduli of these same

composites (before and after 24 h of water immersion) are

illustrated in Fig. 7.

6 5 4 3 2 1 

0 . 0 

0 . 4 

0 . 8 

1 . 2 

1 . 6 

A f t e r 2 h 

A f t e r 2 4 h 

 After 2h 
 After 24h 

W
 t

 
a 

e r
 a

 s
 

b 
r o 
p t

 i o
 n 

( %
 ) 

C o m p o s i t e 

Fig. 5 Water-absorption weight gain of unmodified-WF/PP, C8-WF/

PP, and unmodified-WF/MAPP/PP composites. Composite 1: WF/PP

(60/100); composite 2: WF/MAPP/PP (60/1/100); composite 3: WF/

MAPP/PP (60/2/100); composite 4: WF/MAPP/PP (60/5/100); com-

posite 5: C8-WF(DMF)/PP (60/100); composite 6: C8-WF(CHCl3)/PP

(60/100)
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Fig. 6 Flexural strengths of unmodified-WF/PP, C8-WF/PP, and

unmodified-WF/MAPP/PP composites before and after 24-h immer-

sion in water. Composite 1: WF/PP (60/100); composite 2: WF/

MAPP/PP (60/1/100); composite 3: WF/MAPP/PP (60/2/100); com-

posite 4: WF/MAPP/PP (60/5/100); composite 5: C8-WF(DMF)/PP

(60/100); composite 6: C8-WF(CHCl3)/PP (60/100)
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The composite flexural strengths seemed unaffected after

immersion in water for 24 h (Fig. 6) despite large differ-

ences in the amount of water uptake (Fig. 5). The addition

of MAPP into unmodified-WF/PP composites sharply

improved the composite flexural strengths (composites 1–4).

But when C8-WF(DMF) was used in the composite, the

flexural strength was only about 53% of that of the unmod-

ified-WF/PP composite (composite 5 versus composite 1).

Using the C8-WF(CHCl3) as the reinforcing fiber decreased

the flexural strength by about 10% (Fig. 6, composite 6

versus 1).

The addition of 1% MAPP into unmodified-WF/PP (60/

100) composites did not increase the composite modulus

(composite 2 in Fig. 7). But the addition of both 2% and 5%

MAPP did significantly increase the moduli (composites 3

and 4). The flexural moduli steadily increased as the amount

of MAPP was raised from 1% to 5%. C8-WF(DMF)/PP

(60/100) and C8-WF(CHCl3)/PP (60/100) composites had

sharply lower flexural moduli than unmodified-WF/PP and

unmodified-WF/MAPP/PP composites (composites 5 and 6

versus composites 1–4 in Fig. 7). As observed with flexural

strengths, the C8-WF(DMF)/PP composite had, by far, the

lowest moduli in the series. Their moduli were only *36%

of the corresponding value for the unmodified-WF/PP

(60/100) analogs.

The flexural moduli for the unmodified-WF/PP (60/100)

composites decreased *400 MPa (*18%) after 24-h water

immersion. The moduli of the unmodified-WF/MAPP/PP

composites also dropped but by small amounts after the 24-h

water immersion (composites 1–4 in Fig. 7). Finally, the

C8-WF(DMF)/PP (60/100) and C8-WF(CHCl3)/PP (60/100)

composites did not show any significant changes in flexural

moduli after 24 h of water immersion (composites 5 and 6).

It is well known that small molecules can be grafted to

surface sites in higher surface densities than polymeric

molecules using the ‘‘grafting to’’ approach. As polymers

react at a surface, they create diffusion barriers to the

approach of other polymeric reagents to the surface [16,

17]. This is why the creation of dense polymeric brushes on

surfaces must be made by growing the surface-bound

polymer chains from densely grouped initiation sites [18].

Therefore, the fraction of hydroxyl groups in the WF’s

surface region esterified by excess octanoyl chloride is far

higher than that which reacts with MAPP.

The small size of octanoyl chloride does not block further

esterifications at nearby hydroxyl functions. Conversely,

large MAPP molecules react with only a small fraction of

surface hydroxyl functions because the diffusion of these

large molecules (MW: 47000) to the region of the surface

already reacted with one MAPP is blocked. Thus, the surface

hydrophobicity becomes greater after WF is esterified by

octanoyl chloride. This hydrophobicity should increase

compatibility with PP (Van der Waals forces, dispersion

forces). However, the alkyl chain of an octanoyl ester is not

long enough to form effective entanglements with PP at the

matrix/fiber interface. As a strain occurs under an applied

stress, octanoyl chains and PP molecules which might have

some small loop-like interactions, can disentangle at rates

far faster than that at which strain occurs. Therefore,

entanglements cannot contribute to adhesion to improve the

composite flexural properties. However, the long polymer

chains of MAPP can form entanglements with the PP matrix

that require significant times to unravel during strain

development, and so the addition of MAPP improves the

unmodified-WF/PP composite flexural properties. Further

support for this finding is provided in the section ‘‘SEM of

Modified WF/PP Composite Fracture Surfaces’’.

When C8-WF was shaken vigorously in hexane, C8-WF

dispersed well but when shaken in water, the C8-WF

agglomerated and floated on the surface. Therefore, both

dispersion and Van der Waals forces must be enhanced

between WF and PP after C8-modification. Obviously,

C8-WF is more readily wetted by PP than unmodified WF

is and unmodified WF is wetted well by water. How,

then, could the composite flexural moduli be decreased

upon replacing unmodified-WF/PP (60/100) with

C8-WF(CHCl3)/PP (60/100)? This phenomenon is not

understood. A few hypotheses are now suggested.

First, the C8-modification process may affect the surface

roughness at a scale not obviously visible by SEM exam-

inations. This may reduce some WF/PP interlocking or

allow some sliding motion to occur more readily at the

interface. C8-modification may change the mechanical

properties of outer 500-nm thick surface region of WF.
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Fig. 7 Flexural moduli of unmodified-WF/PP, C8-WF/PP, and

unmodified-WF/MAPP/PP composites before and after 24-h water

immersion. Composite 1: WF/PP (60/100); composite 2: WF/MAPP/
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WF/MAPP/PP (60/5/100); composite 5: C8-WF(DMF)/PP (60/100);

composite 6: C8-WF(CHCl3)/PP (60/100)
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This may tend to fail or result in a lower adhesive shear

resistance. The C8-chains are chemically bound to WF

surfaces by ester bonds and the WF was carefully washed

after esterification. Therefore, release of octanoic acid into

the PP to serve as some sort of plasticizer can be definitely

ruled out. Another possibility is that the esterification

procedure may have changed the overall mechanical

properties of WF in some way. This is easily imagined for

the C8-DMF treatment, where DMF solvation and exten-

sive internal esterification may have changed the fiber

properties. This explanation seems less likely for the

milder, more surface-specific, C8-CHCl3 treatment. Nev-

ertheless, it is possible that removal of some extractives by

CHCl3 during esterification has changed the WF fiber

properties in some manner. Such changes, in turn, could

decrease the flexural moduli. The C8-WF(DMF)/PP system

(with significant internal esterification) is, by far, the most

seriously impacted system (Figs. 6 and 7).

SEM of modified WF/PP composite fracture surfaces

SEM micrographs of the fracture surfaces of C8-WF

(CHCl3)/PP (60/100) composites illustrate that the modi-

fied WF was well dispersed in the composites (Fig. 8a, b).

Some protruding WFs were found on the fracture surfaces

(Fig. 8a, b). The C8-WF(CHCl3) was covered with what

looks like a waxy layer and it was not visibly bonded to the

PP matrix (Fig. 8c). Voids existed between the C8-WF

(CHCl3) and PP matrix (Fig. 8d). The C8-WF(CHCl3)/PP

absorbed substantially less water after immersion than

unmodified-WF/PP (60/100) composite despite the poor

bonding observed between C8-WF and PP matrix. Despite

absorbing much less water, the poor C8-WF(CHCl3)–PP

adhesion leads to lower flexural moduli and strengths

compared with those of the corresponding unmodified-

WF/PP composites. C8-WF(DMF)/PP (60/100) composites

also exhibited the same poor WF adhesion to PP (Fig. 9),

and substantial losses in flexural strength and modulus. The

alkyl chains of the grafted ester groups do not effectively

entangle with the PP matrix, so the adhesion between

C8-WF and PP is poor. This reduced adhesion may allow

some separation (voids) between the WF and PP to occur

due to contraction on cooling after hot pressing. However,

no suitable techniques to probe this possibility were

available.

Figure 10 illustrates unmodified-WF/MAPP/PP (60/5/

100) composite fracture surfaces. These exhibit good

WF–PP adhesion. Very few WF fibers were observed at

these fracture surfaces (Fig. 10a, b). Instead, PP covers the

WF surfaces. This shows that failure mainly occurred

within the PP matrix instead of at the WF/matrix interfaces.

Large voids were not observed at the WF to PP interface

with the MAPP/PP matrix (Fig. 10c, d). The adhesion

between the WF and MAPP/PP matrix was good. When

Fig. 8 SEM fracture surface

micrographs of C8-WF(CHCl3)/

PP (60/100) composites.

a, b Overall C8-WF(CHCl3)

dispersion; c poor bonding and

voids between the C8-

WF(CHCl3) surface waxy layer

and PP matrix; d voids between

C8-WF(CHCl3) and PP matrix
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MAPP is added to the PP matrix, the anhydride groups of

MAPP react with the unmodified-WF surface –OH groups

during the hot (182 �C) melt extrusion processing. The

long MAPP chains, attached to the WF, entangle with

the PP matrix. These factors contribute to the excellent

unmodified-WF–MAPP/PP adhesion and mechanical prop-

erty improvements that this causes.

Conclusions

The properties of unmodified-WF/PP composites were

largely dependent on the unmodified-WF content. Higher

unmodified-WF content led to higher composite stiffness,

higher water uptake, but lower flexural strength. The

flexural moduli of unmodified-WF/PP composites

decreased after 24 h of water immersion, but the flexural

strengths were little affected.

Modification of WF by octanoyl chloride esterification

greatly reduced C8-WF/PP composite water absorption, but

it also decreased both the composites’ flexural strengths

and flexural moduli. C8-modified WF exhibited poorer

adhesion to PP matrix under stress than unmodified-WF

(SEM) despite the better match in surface energies between

C8-WF and PP (both hydrophobic). MAPP, in contrast,

improved unmodified-WF–PP adhesion. Addition of

MAPP to WF/PP composites improved composite flexural

strengths, flexural moduli, and water uptake resistance.

Higher MAPP loadings (between 1% and 5%) favor pro-

gressively better composite flexural properties.

Fig. 9 SEM fracture surface

micrographs of C8-WF(DMF)/

PP (60/100) composites.

a Overall C8-WF(DMF)

dispersion; b poor bonding

between the C8-WF(DMF) and

PP matrix (see arrow)

Fig. 10 SEM fracture surface

micrographs of unmodified-WF/

MAPP/PP (60/5/100)

composites. a, b Overall WF

dispersion; c, d good bonding

between WF and MAPP/PP

matrix
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MAPP enhances mechanical properties mainly by

forming MAPP/PP entanglements at the WF surfaces.

These entanglements allow better stress transfer between

the polymer and fiber. Modification of WF surfaces with C8

ester groups lowers the rate of water uptake and enhances

surface hydrophobicity. However, making the surface

hydrophobic by this treatment did not improve mechanical

properties. Apparently, entanglements are the major

enhancers of the mechanical properties. Kazayawoko et al.

[19] demonstrated that MAPP improved the tensile strength

of wood veneer/PP and wood fiber/PP composites and

attributed these improvements to the reduction of wood

fiber surface energy, improved fiber dispersion, improved

fiber orientation, and enhanced interfacial adhesion through

mechanical interlocking. They mentioned interchain

entanglements between PP and surface-bound MAPP but

did not further emphasize it. In our study, the octanoyl

chloride-esterified WF has a low surface energy, similar to

MAPP-esterified WF. So surface activity in both cases will

lead to PP/WF-surface compatibility. Our process does not

orient the fibers; so, no fiber orientation effects can explain

the differences in mechanical properties given by MAPP-

modification versus C8-modification. Our observations are

consistent with no differences in fiber dispersion between

these two systems. Thus, mechanical interlocking, based on

the net geometry of fiber surface shape surrounded by

polymers, cannot explain the differences. Thus, we con-

clude that entanglements between surface-bound MAPP

and matrix PP must play a major role in the mechanical

property differences for the WF/PP composites prepared in

this article.
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