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Abstract Jute/polylactic acid (PLA) composite is of

special interest because it is entirely from renewable

resources with high mechanical properties. Thus, it could

be a more eco-friendly alternative to the conventional

wood-based panels made of formaldehyde resin which is

asserted to be carcinogenic. Yet the water affinity of the

natural fibres and susceptibility of polylactic acid towards

hydrolysis raise a question about the water resistance of

such composites in service condition. In this work, the

water absorption behaviour of jute/PLA composites, jute/

maleated polypropylene was investigated with regard to

interior applications following the standard test method in

accordance to ISO 16983:2003 ‘Wood-based panels—

determination of swelling in thickness after immersion in

water’ and compared to standard of wood-based panels.

Untreated and treated jute/PLA composites exhibited a

superior water resistance property compared to particle-

board, MDF and hardboard and they are by far, below the

minimum requirement of the ISO standard 16983.
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Introduction

Increase of crude oil prices and environmental awareness

have aroused interests in green products in the past years.

Natural fibres have proved to be an efficient reinforcement

for natural fibre composites (also called biocomposites),

giving high specific strength and reducing weight, cost and

carbon footprint [1].

Jute/polylactic acid (PLA) composite is of special

interest because it is entirely from renewable resources.

Yet the water affinity of the fibres and hydrolysis of the

PLA are barriers toward the widespread application of this

biocomposite [2]. Indeed, moisture penetration into com-

posite is conducted by two main mechanisms [3]. One

process consists of capillary transport by the fibre into the

gaps and flaws at the interfaces between fibres and poly-

mer, because of incomplete wettability and impregnation.

Jute fibre, as a lignocellulosic fibre, is hydrophilic and

tend to absorb moisture [4]. This is due to a large amount

of hydrogen bonds (hydroxyl group –OH) present between

the macromolecules in the plant fibre cell wall; when

moisture comes in contact with the fibre, the hydrogen

bond breaks and hydroxyl groups form new hydrogen

bonds with water molecules. The cross-section of the fibre

becomes the main access to the penetrating water [3].

Another process of moisture penetration is the diffusion of

water molecules inside the microgaps between polymer

chains [3].

Another option is to use polypropylene instead of PLA

in order to make the composites more water resistant [5].

The obtained material could still remain 70 % biosour-

ced. Even if the material loses its biodegradability, it will

be longer-lasting, could be recycled or made from recy-

cled polypropylene which would lower the carbon foot-

print.
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These jute based biocomposites could be an eco-friendly

alternative to the wood-based panels, i.e. particleboard,

medium density fibreboard (MDF), hardboard and ply-

wood. These panels are made of wood fibres and a phenol–

formaldehyde resin which presents many drawbacks for the

workers and the environment [6]; It emits strong toxic

vapour when processed, has been recognized to be car-

cinogenic by the World Health Organization and is not

biodegradable.

Thus Jute/polylactic acid biocomposite is safer for the

workers and the user as PLA does not produce toxic emis-

sion [7]. Futhermore, it is biodegradable [1] unlike phenol–

formaldehyde resin. Natural fibre present relatively long

fibres which means possibility to control fibre orientation

and lay-up [8] and to obtain better mechanical properties

than for wood fibre, which are relatively short fibres with a

nominal in-plane random fibre orientation [8]. Stronger

mechanical properties enables use of less raw material

which reduce the thickness and consequently the volume

and to gain space in transportation, stockage and use.

Water absorption of biocomposites is an issue to be

considered because the water absorbed by the fibre in the

composite could lead to swelling and dimensional insta-

bility followed by a loss in mechanical properties due to the

degradation of the interface between the fibre and matrix

[5]. It also leads to deterioration of the fibre properties by

hygrothermal expansion [8] and of the surface aesthetic.

It has to be determined in regard to an interior appli-

cation and in comparison with wood-based panels because

those materials could be potential competitors on the

market. Particle board, MDF and hardboard are the closest

‘‘competitors’’ with regard to their properties and

applications.

Indeed the biodegradability of the matrix by micro-

organism from the soil and the water affinity of the fibre do

not allow an outdoor application [9].

For cellulose fibre composites, moisture sensitivity is

generally considered to be a disadvantage, and should be

reduced, if possible. This can be done by enhancing the

chemical compatibility with the matrix and more precisely

by cross-linking of the cell wall polymers in the fibres [8].

In the last two decades, many researchers have focused on

improving the interfacial adhesion by modifying the fibre

surfaces via physical and chemical treatments which could

reduce the water swelling besides improving the mechan-

ical strength [10–12]. The main component of the natural

fibre is cellulose, which is held by hemicellulose (bonding

role) and several fibres are cemented together by lignin.

The water is mostly absorbed by the lignin and the hemi-

cellulose of the fibre. Those two components contain

hydroxyl and other oxygenated groups that attract moisture

through hydrogen bonding. Thus it appears important to

remove the lignin and the hemicellulose to reduce the

water absorption of the fibre. The chemicals to be used for

chemical modification must be capable of reacting with the

lignocellulosic hydroxyls [13].

In the article by Goriparthi et al. [14], some chemical

treatments were selected to improve the adhesion of jute

fibre with polylactide. The surface of jute fibre was mod-

ified by selected treatments: alkali, permanganate, peroxide

and silane. It appeared to be a better adhesion of the treated

fibre with the matrix than untreated fibre, and trimeth-

oxymethyl silane treated jute fibre composite showed an

improvement in tensile strength and moduli by 35 and

38 % respectively and an improvement of flexural strength

and flexural modulus by 24 and 41 % respectively.

After some tests, alkali (sodium hydroxide 4 % 4 h) and

silane fibre treatments were selected for their best adhesion

with the polylactic acid. Maleic Anhydride grafted poly-

propylene as a compatibilizer has shown the best results

with polypropylene [15].

It is interesting to notice that chemical treatment of

fibres could not affect the carbon foot-print of the com-

posite in the sense that a longer lasting product could be

more eco-friendly than a disposable one. But this point has

still to be proved by a complete life cycle analysis.

The cold water absorption test in accordance to ISO

16983 [16] was followed in this work. There are no stan-

dards yet for biocomposites for interior application. Fur-

thermore, the PLA hydrolyzes more at higher temperature

(starting 37 �C) [2], and water boiling resistance is not

required for wood-based panels intended for a dry interior

application.

Materials and Methods

Materials and Preparations

Samples of various jute polypropylene/polylactic acid are

prepared, hot-pressed, cooled and then cut into 6 pieces. 5

pieces are immersed into cold water for 24 h in accordance

to ISO 16983:2003 and one is kept as the control piece.

Jute fibres are provided by Gloster Jute Mills Ltd,

Kolkata; the trimethoxymethylsilane and Polypropylene-

graft-maleic anhydride are purchased from Sigma–Aldrich,

India. The polypropylene granules has been purchased

from Pioneer Paul Industries, Kolkata. The Sodium

hydroxide and the maleic anhydride are purchased from

Industrial and Chemical Concern, Kolkata. Plywood, MDF,

hardboard and high pressure laminate (HPL) from Green-

Ply Ltd Company, Kolkata, are used.

Different samples are prepared with different chemical

treatments and at different ratio of fibre/PLA:
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– The sample called ‘‘Untreated’’ is composed of 70 % of

untreated jute fibre.

– The sample called ‘‘NaOH 4-70’’ is composed of 70 %

of jute fibre treated in an aqueous solution of 4 %

weight of sodium hydroxide for 4 h.

– The sample called ‘‘NaOH 4-50’’ is composed of 50 %

of jute fibre treated in an aqueous solution of 4

weight % of sodium hydroxide for 4 h.

– The sample called ‘‘SiH 4-70’’ is composed of 70 % of

jute fibre treated in a solution of trimethoxymethylsi-

lane (1 % in a 50 % acetone and 50 % water solution

for 5 h.)

– The sample called MAPP/jute is made of 70 % of

untreated jute and 30 % of maleated polypropylene.

The maleated polypropylene has been made by melt

mixing the Polypropylene-graft-maleic anhydride

homopolymer (8–10 wt% maleic anhydride content)

at 5 % level with common polypropylene granules,

using a hot press.

The treated fibres are immersed as mentioned above,

then the treated and untreated fibre are dried in an oven at

50 �C for a day to reach around 5 % moisture content (by

weight loss calculation). The fibres are aligned in parallel

in each layer, the layers of fibre (12 layers) are superim-

posed with matrix layers sheet and oriented in perpendic-

ular direction to each other to form a cross-ply or

bidirectional composite. Then they are compression

moulded to form the laminate at 180 �C and 19.61 MPa

pressure, then immediately cooled in the same hot-press

with the help of a water cooling system, without relaxing

the pressure until 120 �C. The samples are cut into six

pieces of 50 9 50 mm each with an average thickness of

5 mm. A single piece of 5 mm width and 120 mm length is

cut and broken by hand in the middle to check visually if

the pressing has been convenient.

Thickness Swelling and Water Absorption Test

Water absorption tests are conducted in accordance to ISO

16983:2003 ‘Wood-based panels - Determination of

swelling in thickness after immersion in water’ [16]. Five

pieces of each samples are immersed in distilled water in a

beaker for 24 h at room temperature. Thicknesses and

weights of the pieces are measured before and just after

water immersion. An average of the thickness and weight

absorption of the five pieces is done and a percentage for

each sample is calculated.

Scanning Electron Microscope (SEM) Observation

The samples edges before immersion and after drying are

coated with gold and examined under a Scanning Electron

Microscope machine model S-3400. Indeed, humid sam-

ples cannot be coated.

Results and Discussion

Water Thickness Absorption

The untreated fibre composite with 70 % fibre loading

shows the highest water absorption of the jute composite

(Fig. 1: thickness swelling ?10 % and weight gain

?33 %). It can be noticed that its thickness swelling is

already less than the accepted standards of some wood-

based panels (darker grey bar of the graph). It is 1.5 times

below the accepted standards of particleboard (15 %), 2.1

times below the hardboard one (21 %) and 2.5 time below

the MDF one (25 %).

The composite with 4 % NaOH treated fibre and 70 %

fibre loading shows a slight lower water absorption

(?8.5 %). Indeed, NaOH treatment is often referred as a

major cross linking agent removing the lignin [11]. The 10

by 120 mm broken samples visually shows a better

impregnation than the untreated one.

With 50 % fibre and 4 % NaOH treatment, the thickness

swelling decreases (?6 %). It means that a lower content of

fibre improves the water resistance and confirm the positive

action of the NaOH. Indeed, the hydrophilic character of

natural fibres is responsible for the water absorption in the

composites and therefore, a higher content on fibres leads to

a higher amount of water absorbed [3].

The silane treatment shows the greatest effect on the

thickness swelling (only ?3 %), despite the fact that it has

high percentage of fibre (70 %). It is 3.3 times better than

untreated composite, 5 times better than particle board, 7

times better than MDF and 8 times better than hardboard.

With better adhesion between matrix and fibres, the

velocity of the diffusional processes decreases since there

are less gaps in the interfacial region and also more

hydrophilic groups as hydroxyls are blocked by the cou-

pling effect [3].

Maleated polypropylene shows the best result (thickness

swelling ?3 %) even at a 70 % content of fibre. It complies

the standard for plywood and HPL. In Karmaker [9], the PP

had little effect on the amount of water absorbed as pure PP

composites and recycled PP composites demonstrated

around the same water content, between 5.8 and 6.3 %

after 100 h of exposure. It also means by comparison with

the PLA samples that the polylactic acid is also imply in

the water absorption of the biocomposite by an hydrolytic

degradation of the PLA, as demonstrated in [2].

Other results of ordinary wood-based panel samples are

close to their respective standards for the same thickness

which means that the experiment has worked properly.
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Physical Changes

Few physical changes are observed after water immersion

(Fig. 2). The untreated jute composite shows the most

significant changes.

The ‘after 24 h immersion’ pictures show some slight

darkening on the edge of the samples after immersion,

indicating the water absorption by the sectioned fibres.

Indeed, the cross-section of the fibre becomes the main

access to the penetrating water [4]. Some fibres of the

surface also appears darker after water absorption meaning

that an absorption is also made by them.

Some brightening appears on the surface after drying the

sample (‘dried’ column). This is due to some degradation

of the PLA due to fibre’s diameter expansion and reduction

caused by water uptake and release [17].

The silane treated samples shows only a very little

change, just a slight whitening on the surface which may be

due to the reason explained above. It remains like the

control sample after drying.

The wood based-panels do not exhibit significant

physical change.

Scanning Electron Microscope (SEM) Observation

The samples are dried before the SEM over 4 days, at room

temperature to prevent cracks (average 21�). Figure 3

notably shows the untreated fibre/PLA before immersion

(Fig. 3a) and untreated fibre/MAPP (Fig. 3j), we can see

that the fibre adhesion with the matrix is poorer. We can

observe that some fibres aligned in parallel with the edge

are pulled out by the utility knife cutting.

The untreated 70 % fibre (Fig. 3c) and the NaOH 50 %

fibre samples (Fig. 3f) after immersion, the white edges

rectangle surround those parallel fibres to the sample edges.

Looking into it, Fig. 3f exhibits a less deep groove than

Fig. 3c which means that a better adhesion occurred with

the matrix due to the NaOH treatment reducing the possi-

bility of void between the matrix and the fibres and then

reducing the water absorption.

The black edge rectangles in Fig. 3c, f, and i point out

the layer of fibres oriented perpendicular to the sample

edge. These can be seen as close disks looking like alve-

olus which are the truncated fibres.

These separations on Fig. 4 are not visible before

immersion on samples (Fig. 3e). This may be attributed to a

diameter expansion of the fibre during water absorption

and then a diameter reduction after drying [17]. Water

absorption and their resulting effects contribute to the loss

of compatibility between fibres and matrix, which results in

debonding and weakening of the interface adhesion. [3].

They reduce the strength of the composite as well as create

more voids for environmental attack. The silane sample

shown in Fig. 3i exhibits much less interfacial debonding

after immersion and instead presents some small cracks

into the composite due to internal tensions which means

that the fibres are more linked to the resins.

The MAPP composite shows some unequal fibre

impregnations already before immersion (Fig. 3j). It means

that the fibres also need a chemical treatment for being

chemically compatible with MAPP. Yet MAPP is more

Fig. 1 The thickness swelling

percentage of each samples

(average rate on 5 samples) after

24 h immersion in cold water
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resistant to water than PLA as seen in Fig. 1 which means

that PLA also plays a role in the water absorption of jute/

PLA composites [18].

The initial particleboard sample Fig. 3m before

immersion already shows many voids which enable water

to penetrate. This is due to different ways of making a

particleboard where the particles are bonded together by

small resin droplets [19] and not by completely surround-

ing the fibre by the matrix.

Conclusions

Jute/polylactic acid composite presents far better water

resistance compared to particleboard, MDF and hardboard

and is by far below the minimum requirement of the ISO

16983.

The thickness swelling of untreated jute/PLA composite

is 1.5 times less than the accepted standard for particle-

board, 2.1 times less than hardboard, 2.5 times less than

MDF. When the fibres are treated with silane, it is 3.3 times

better than untreated composite, 5 times better than particle

board, 7 times better than MDF and 8 times better than

hardboard.

The thickness swelling also decreases when the natural

fibre content in the composites is lowered.

Maleated polypropylene/jute composite shows the

highest water resistance even at a 70 % fibre content and

even reaches the water absorption standard for plywood

and HPL.

The SEM observation confirms that a better adhesion of

the fibres to the matrix is achieved by NaOH and silane

treatment which improves the water resistance of the

composite.

Fig. 2 Physical changes after water immersion in comparison to control samples
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Thus the untreated and treated PLA/jute fibre compos-

ites pass easily the water absorption standard requirement

of wood-based panels for a dry interior application. This

composite could be used for high quality furniture or

panels with a reduced thickness and volume. Futhermore, it

could be used in location with risks of water spray, such as

Fig. 3 SEM pictures of the samples after drying
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kitchen or bathroom. Thus, passing wet interior application

standards is worth considering as well as an exterior

application for MAPP/jute.

Chemical treatments improve the water resistance as

well as the mechanical properties of the jute composites.

They could enable a reduction in use of raw resources and

an expansion of the lifespan of the material, equalizing the

carbon foot-print of untreated fibre composite. Yet this

point still has to be asserted by a complete life cycle

analysis.
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