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Analysis of Acacia Wood Reinforced PLA/PHA Blend Composites

MUHAMMAD KHUSAIRY BIN BAKRI,  ELAMMARAN JAYAMANI*, SOON KOK HENG, AKSHAY KAKAR

Faculty of Engineering, Com puting and Science , Swinburne  University of Technology Sarawak Cam pus, Jalan Sim pang Tiga,

93550, Kuching, Sarawak, Malaysia

This research focuses on the  analysis of acacia wood re inforced PLA/PHA blend composites. Acacia wood
was processed into small chip particles, which were  mixed with pure  PLA, pure  PHA and PLA/PHA blend.
The wood was treated using acetic acid and sodium bicarbonate . It was then compressed into sheet film .
The micrograph shows that the  PLA and PHA mixture  create  an interlocking continuous structure  and the
addition of wood strengthens interlocking between PLA and PHA. Mixtures of this blend also reduce bubble
and crack, and create  new properties superior than the  earlier properties of existing PHA and PLA.
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A few years ago, re search studies were  extensive ly

conducted based on bio-com posites on biodegradable

polymer. However, the  fabrication has started to slack due

to its highly expensive production and it is paused due to

lim ited technologie s. As due  to an intense  search for

alte rnatives to find replacem ent for pe troleum -derived

based polymer, the price of biodegradable polymer started

to fall down in prices. However, it is still considered more

expensive  than the  pe troleum -derived based polym er.

Furtherm ore , the  continually increasing threat of over-

abundant plastic waste  is becoming a huge problem as it

impacted the environment as well as overfilled the landfills

[1,2]. Thus, blending a few types of biopolymers on an

extensive scale can help increase the biopolymer utilization

and reduce  costs and ene rgy. It can also create  a  big

turnover in the  polymer industry, as it has a good life  cycle

for start and brings about a positive  environmental impact

from  its production . Thus, it is be st to  c re a te  be tte r

biopolymer that can blend properly to fulfill the  industry

and product technical specification, especially to reduce

the cost and create  a better ratio in price-quality.

Poly lactic acid (PLA) is produced from simple  glucose ,

sucrose , lactose , and m altose  sugar extracted from  the

fermentation of corn, potato, cane, beet or cheese  [3]. It is

considered as a linear aliphatic polyester thermoplastic,

which can be  applied and used in biom edical surgical

apparatus, particleboard, carpet, tiles, cloths and e tc. The

PLA is known to have good mechanical properties which

reported by few researcher [4, 5]. The tailoring work of

PLA properties with fiber were  also seen in a few of the

re se a rc h e s  [ 6,7] . Se ve ra l re se a rc h e s  sh o w  th e

compatibility of PLA blends with some other polymer such

as poly (butyl acrylate), acrylonitrile–butadiene–styrene,

poly (ε-caprolactone) [8]. It shows that there  is a good

interaction and adhesion between fiber and matrix, which

directly shows increasing in the  mechanical properties.

Polyhydroxyalkaonates (PHA) is a generically polyeste r

polymer produced from bacterial fermentation of lipids and

sugar. These  polyesters are  obtained due to the  energy

reserves and carbon storage in bacteria, especially in those

Azotobacter chroocoum , Bacillus megaterium , Ralstonia
eutropha . Thus, this will create a wide range of mechanical

properties to PHA. It is considered as a sem icrystalline

structure depending on the range of temperature used and

chemical composition it had.

Gerard and Budtova [9] and Schreck and Hillmyer [10]

showed that PHA and PLA blend are  not hom ogenous

polymers and create new properties. Furthermore, blending
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PLA a nd  po ly (hydroxybu tyra te -co-hydroxyva le ra te )

(PHBV) can manipulate  the  ductility and brittleness of the

biopolymer blend. Thus, this shows that the changes in the

m ic ros tru c tu re  o f se m i-c r ys ta llin e  a n d  a m orph ou s

structure  of PHA and PLA ble nd can be  change d by

changing in the  composition of PHA and PLA blends. By

adding a 10wt% of PHA to PLA, in improving the elongation

of polymer blend of PHA significantly [11]. Improvements

in the properties of natural fiber were seen as addition, due

to re inforced of sisal and coir fiber [12,13]. Furthermore,

chemical modification for both sisal and oil palm  fibers

in c re a se  th e  in te rfa c ia l a d h e s io n s  w h ic h  sh o w

im p ro ve m e n t in  m e c h a n ic a l p ro p e rtie s  o f it. Fe w

researchers also found out that the  absorption and stress

re laxation were  a lso seen with re fe rence  to chem ical

modification and fiber loading [14-17].

Thus, this work will present the  results of acacia wood

chip particles with hybrid PLA/PHA blend bio-composites.

A few thin sheet film s of sam ples were  prepared; pure

PLA, pure  PHA, pure  PLA/PHA, and untreated and treated

wood PLA/PHA. The  pros and cons that influence  the

properties of bio-composites will also be  discussed. The

re corde d  da ta  w as the n com pare d  the ore tica lly and

experimentally to give  a full scope behavior of it.

Experimental part

Methodology
Wood preparation

The acacia wood sawdust was processed and turned it

into small particles by using chipping machine provided by

th e  Sa ra w a k Fo re s tr y De pa rtm e n t (SFD) , Ku c h in g,

Sarawak. The acacia wood was obtained locally as part of

forest re -plantation program  in Malaysia  generally and

Sarawak specifically. Legum inous tree  species, Acacia
mangium are  one of the  subfamily Mimosoideae . It has a

density range of 420-483 kg/m 3 (in green soaked volume)

and 500-600 kg/m 3 (in dry condition) [18-22]. Naturally

grown acacia wood has a specific gravity (SG) of 0.56,

while  the  re-plantation grown acacia wood has a lower SG

of 0.40-0.45 [23] . How e ve r, in  Born e o , th e  SG c a n

specifically be  obtained around 0.43-0.47 for 6 years old

acacia wood [24].

The acacia wood chip particles were  then submerged

and soaked for 24 h inside  1.5  of acetic acid solution. The

acetic acid solution is obtained from Anita Food Industry

Sdn. Bhd. Under the  product name Cap Padi. It has 94% of

H
2
O, 5% of CH

3
COOH and 1% of NaCl. After that, 90gm of

sodium bicarbonate, NaCO
3 
(baking powder) were poured
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into the  soaked acacia wood chip particles for 24 h. The

sodium bicarbonate  was supplied by Ee Syn Corporation

Sdn. Bhd. The reaction between both acetic acid solution

and sodium bicarbonate  creates a reaction as follows:

Na
2
CO

3
 +  2CH

3
COOH →2CH

3
COONa +  H

2
O +  CO

2

(1)

The  re a c tion  ca use s ne u tra liza tion  be tw e e n  tw o

diffe re nt che m ical re actions (pH). Table  1 shows the

properties of each chemical used. The acacia wood chip

particles were  filtered and rinsed using distilled water to

neutralize  the  remaining chemical attached to the  acacia

wood chip particles. Lastly, it was dried inside  an open

ventilated oven under temperature  of 80°C for 24 h. Figure

1 shows the  process of raw acacia wood sawdust into

untreated and treated acacia wood sawdust chip particles.

Hybrid Composites Preparation

The poly lactic acid (PLA) was mixed with polyhydroxy-

alkanoates (PHA) (by a ratio of 1:1). Few samples were

pre pa re d : pure  PLA, pure  PHA, pure  PLA/PHA, and

untre a te d  and  tre a te d  w ood PLA/PHA. The  polym e r

mixture  was added with 5wt%, 10wt%, 15wt%, and 20wt%

acacia  wood chip particle s. Shee t thin film s of hybrid

com posite s with thickne ss approxim ate ly 1m m  we re

made by using hot press machine.

The two plates were  waxed before  filled in with the

m ixture  of com posite  ingre die nts. The  re le asing wax

contained carnaubas are  used and it is to prevent the

sample  from stick and stuck within the  two plates when

removing the  samples out from the  mould. The mixture  of

polym er and wood sawdust were  then poured into the

mould and compressed by using 30-ton hydraulic hot press

machine with model code LS-22071 equipped by Lotus

Scientific (Malaysia) Sdn. Bhd. under a pressure  of 6.89

MPa at 150 °C for 3-5 min. The moulds were then quenched

in wate r unde r room  te m pe ra ture  24± 1°C for curing

purposes.

Light/Optical Microscopic Test

Samples of thin sheet film  were  tested by using Eclipse
3x2 LV140 ligh t/optica l industria l m icroscope  m ode l

equipped by Nikon (Japan) Corporation. The tests were

run and evaluated according to ASTM E2015-04 [26].

Results  and discuss ions

Theoretically, when two or more different or identical

polymer particles were  heated, it will start to expand in

size , when there  is an increase  in temperature  [27]. As

two or more polymer particles were  close  to each other

due to compression or pressure during the hot compression

molding technique, the  polymer particles tend to combine

together. The combination of polymer particles will create

one big formation, as it is attracted and pulled together

due  to com pre ssion or pre ssure . Sim ila r or ide ntica l

polymer will combine and become one bigger formation

like  those  small bases of its polymer, while  different or

d issim ila r polym e r w ill c re a te  an  in te rlock of b igge r

formation of two or more different or dissimilar polymer

base .

The addition of fiber or wood as re inforced materials

will strengthen the  formation of two or more different or

identical molecule or particles in polymer blends. According

to Lourerio e t al. [28] and Yu e t al. [29], the  adhesion

properties were depending on the content of PHA and PLA.

Whereas the  content will have determined the  structure

formation it created. Figure  2 shows the  process for (a)

similar or identical molecule  or particle  [27], (b) different

or dissimilar (non-identical) molecule  or particles, and (c)

addition of fiber or wood as re inforced material. Implosion

happens when sudden change in hot to cool temperature

as the  m aterial quenched in water. Quenching caused

shrink formation of the  materials that indirectly closer the

pack between the  two or more molecules or particles and

its structure . Figure  3, shows the  formation that created

when two polymer blend together with fiber/wood.

Acacia  woods have  unique  sm all porous structure ,

opening, membranes, pits and an intricate ly layered wall

that tends to allow polymer to enter in which create a unique

interlock between two or more molecules or particles [30].

Che m ica l tre a tm e nt cause s the  w ood  ch ip  saw dust

pa rtic le s to  be  pre se rve d  and  incre ase  in  pore  size ,

structure , opening, pits, and membranes, which is due to

the removal intricate  layer wall of cellulose, hemicellulose,

lignin, wax, and oil structure . Thus, this will increase  the

absorption rate  of polymer into the  wood structure  due to

hydrophilic and hydrophobic interaction.

Figure  4 shows the  light/optical m icrographs of pure

PLA, pure  PHA, pure  PLA/PHA, and untreated and treated

acacia wood PLA/PHA composites. Figure  4 (a) and (b)

shows the  internal m inor crack and bubble  structure  in

Table  1

PROPERTIES OF CHEMICALS AND ITS REACTIONS

Fig. 1. Raw sawdust processed into

untreated and treated acacia wood sawdust

chip particles
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PLA. The bubble  structure  may be due to overheat (higher

te m pe ra tu re  a bove  tha n  op tim a l m e lting po in t tha t

encourage creation of bubble), while  the crack usually due

to  ind ire c tly pe rm issib ility fo rce  d u ring re m ova l o f

composite  sample . As PHA has better stiffness structure ,

as can be  seen in figure  4 (c), it has less bubbles and crack

problems. By combining both PLA and PHA, it creates and

optimal structures which create  better interlock structures

which have optimum strength and flexural properties, as

shown in Figure 4 (d). The addition of acacia wood sawdust

chip particles creates an interlocking structure  between

two polym e r ble nd in  the  com posite s. Howe ve r, the

untreated one have disadvantages than the  treated one

which cause poor surface adhesion as can be seen in figure

4 (e) and better adhesion in figure  4 (f). The treatment also

creates surface  roughness on the  acacia wood sawdust

Fig. 2. The  form ation and im plosion process for

(a) sim ilar or identical m olecule  or particle ,

(b) diffe rent or dissim ilar (non-identical)

m olecule  or particles, and (c) addition of fiber or

wood as re inforced m aterial.

Fig. 3. Exam ples of structural configurations of hybrids com posite :

(a) concentric cylindrical she lls, (b) sandwich, (c) honeycom b,

(d) chopped fibers, (e ) particulate , (f) am orphous/crystalline

blend, and (g) m ixture  of (d) and (f) [27]

Fig. 4. light/optical m icrographs for (a)

bubble  structure  in PLA, (b) internal

crack in PLA, (c) PHA stiffness

structure , (d) m ixture  of PLA and PLA

structure , (e ) untreated acacia wood

chip sawdust particles, and (f) treated

acacia wood chip sawdust particles



http://www.revmaterialeplastice.ro MATERIALE PLASTICE ♦ 55♦ No. 4 ♦ 2018468

chip particles. Gerard and Budtova [9] shows similar results

in their optical m icrograph, where  PLA/PHBV shows co-

continuous structure  that bind together.

Conclus ions

In essence, the mixture of two different types of polymer

particles, PLA and PHA, create  an interlocking continuous

structure  that creates one new big formation of polymer

blends, which gives new properties to the  polym er by

re duc ing bo th  d isa dva n ta ge s in  the ir ow n ide n tica l

properties like  bubble  and crack. Addition of acacia wood

sawdust chip particles, create  a secure  interlock between

two types of polymer blend, while  the  chemical treatment

increases the  preservation rate  and adhesion in the  bio-

com posites.
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