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Abstract

The objective of this research was to study the effect of fiber and lignin content on
properties of coconut fiber/protein biocomposite. To study the effect of fiber content, gluten-based
materials reinforced with different coconut fiber content have been carried out by compression
moulding. Fiber addition increased tensile strength (TS) and Young's modulus (YM), but
decreased elongation at break (EB) of material. Fiber addition also decreased water absorption of
material, but no significant effect of fiber content on water absorption of composite was observed.
To study the effect of lignin content, coconut fibers with different lignin content were obtained by
chemical treatment with 0.7% sodium chlorite. The fiber lignin contents vary from 42 to 21 wt%.
Lignin removal affected on mechanical properties of fiber by decreasing TS and EB but
increasing YM of treated fiber. Gluten-based materials reinforced with 10% untreated and treated
fiber were prepared to study the effect of lignin content. The results showed that lignin removal
did not affect on mechanical properties of composite because of no significant difference in TS.
YM and EB of composite showed the same trend with initial value of lignin extracted fiber. Lignin
removal decreased the water absorption but did not significantly increase the glass transition
temperature of composite. Lignin content had no effect on fiber/matrix interaction due to no strong

difference in the infrared spectrum of composite with different lignin content.

Keywords: Biocomposite / Lignin extraction / Mechanical properties / Natural fibers / Wheat gluten
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2.1 9PnAY

211 NGUWUAINAIIAIA (New South Wales, Australia) A1N131W uuaingyl fumnes
Inged a1 BN uTLIRY 76.8% (1MSINWIAN), ANTU 6% (Hutinitlan)

212 @ulangwiin anidEvuanialpin Wiwasansa (Chonburi, Thailand)

U7 2.1 ulangnin

2.2 a19LAN
2.2.1  Anhydrous glycerol (New South Wales, Australia). Roongsub Chemical Ltd
Mg(NO,), ka& NaClO, (Auckland, New Zealand) Ajax Finechem Ltd. NaN, Merck
224 P,O4Carlo Erba Ltd.

All solvents and reagents were analytical grade.

2.3 Fangunsl

2.3.1 Lﬂdilﬂx‘m@u (King Mixer, K-05 model, America)

2.3.2 Lﬂ?l"ﬂ\‘i heated press (LP-25M, Labtech Engineering Co., Ltd., Thailand) W"Z"amqﬂm‘tﬁ
dviLiugildetig

233, \mednsieduds (Stable Micro System, TA-XT.plus, Surrey, UK).

234 LAIRY dynamic mechanical thermal analyzer (NETZSCH DMA 242, Piscataway, USA)
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2.3.5 LAT84 Fourier Transform Infrared Spectrometer (Perkin Elmer instruments, Singapore)

236 ATAN Hydraulic Press Machine (15 T., SMC TOYO METAL Co., Ltd., Thailand)

2.4 FUADUNITNANDY

2 4.1 ML as TN AT R BN AN TLLAN AN
Tudumeniiazasnaniueanandulansniialngldfanaed uasiinmeiefilsznanmig
wikazantRredulananwasuaaans
(1) nsanmaniuaanannidulauznig
ludunauiiarainaniusananidulanywiig Ield 0.7% Tnaaunaelsd 7 pH 4 aR91891

semanaduleansiail windu 1:50 Nguuniqatheatiiungn 0, 5, 15, 60 waz 90 W9 NAIANTUENY

a

Wulafaatinnau aunguugd 105 ° C lwean 5 datus [9] ddulanndnliianueatlszan

u

0.5-1 cm AL lunaustlnaiin awteud w1 innsie s luduneusalyl
(2) NM3AEFaAlsyna LN AT TeE Wl N ULATUASEN AR ANTLAN
FpsvvinsAtsrnauniaadl W Amnadl 1B Baeds AOAC (2008) 99019, 945.46
FANRIAL Awasiziinnuaniy, Talamaglaauavdaniiaglassioeds Klason method, browning
method waz TAPPI T201 om-93 mNa1AU sNnauaiiaaglaaAiuaaInmnuianenesyndng,

lalawmaglaaiudaniaaglasg

v Y

(3) Nz FaNtRN1naredulanauLaT IR i AR 41TLAN

!
= !

AATLARNLTFN19NAUDULEU L NAULATUAIATAANDUNLIAFING l FOEIN1INARALLLLILINA

(tensile test) FnelLA3ag Texture Analyzer (Stable Micro System, TA-XT.plus, Surrey, UK) TheIRmLAL

v
[ ]

2 vl o Y 1 Ly Y P % . ¥
TonzngnaliiiAaueng 9 cm. ‘JﬂL’&uﬁl’]u@juﬂﬂ@ﬁﬂﬂ‘ﬂ\‘]L’&ulﬁlllﬁW?W’Jﬂ’Jﬂ caliper 874U 4 TILAINN

'
a a o

Aade tneduliuguinasresdulanzninnouainu atnn 15 waz 90 WM ATNITATITIE

11A8E uTI9 0.289 — 0.577 mm, 0.226-0.637 mm AT 0.236-0.497 mm ATNANAL TATIZHANLA

nanalaelimanuzalunisAawindy 1 mm/s AUl 20 GNFRRENT ANKITIANANNLALAY (tensile
o ! ' ! &a’ dl Y o Y A 2 = o

stress) ANNERTIAIUTTIINGUIY (N)FANUNVNTNFATWEUTENZNEIY (MmT) ANLATHAAIUILAIN

pwenamaaulilsdananaaBusiuasadulanzniin uazanfinegaaniuanainaudulugag

LAUATIIRIN TN AN A NN UFILUINANNAUR LA HLATHA
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2.4.2 MawrsNdanialsznauannguazidulanening

(1) nswisNdannlsunnudulouansnaii

wispndanndlunnudulesinaii tnelfidwlanswianldlbadnantivean ivawifsunnséu
langnsiumunzauduiuinaslumanan naldensdiusendnaldsiu : namasas Wwindu 60:40
Taeinuin wazilasuudasiBurndulaneniioilu 0, 5, 10, 15 way 20% Tasinuiin nanlidingu
v dl v d” YA~ I v acal o Y o dl a
Aoaipzeanan uioaugWidluieuaun 15 cmx15cm x2 mm faeRBn198Af0EANAUNG U,

130 °C, 150 U AaelLATeq heated press (LP-25M, Labtech Engineering Co., Ltd., Thailand) 1l

A1 15 U7

dl o ] ] o a dld ¥ 4 ! o
A1319% 2.1 dndauresdaunanludanmelssneuntliunandulanzndounnsinaiu

Ennnuduleneninly AUNEAN (Q)
80 (%) nQLAL NALaIaa dula
0 60 40 0
10 54 36 10
15 51 34 15
20 48 32 20

2) nawraNdaanN BN AN RuludL e unn A9

q

'
o =

wisandannaTsuuEulaseiu tnaldidulangninnainaniuean dnmdauszngng
Tsfin : nAvmesen winriy 65:35 tnetinunin uaziEunaudulonznsin 10% Inatmnin wanlidinnu
whaugUliduuiuauim 15 cmx15cm x2 mm Fa8aan198nAAINARTNIgMAR 130 °C, 150 U3

AaeLATed heated press (LP-25M, Labtech Engineering Co., Ltd., Thailand) tiluan 15 Yty

2.4.3 M3ATiaNRYeadanTeLlsTnay

(1) aNUANNNA

AATILAANTFINIINATBTAAFIUNINARBLLLULIUIIAN (tensile  test) Bouraes  Texture
Analyzer (Stable Micro System, TA-XT.plus, Surrey, UK) Insisimidudan1iiilugl dumb-bell 211m
ANEN 11 cm. AMNNENS 7 mm KaeLAtes Hydraulic Press Machine (15 T., SMC TOYO METAL

a

Co., Ltd., Thailand) i luifiul3ngoamnni 25 °C uaz pouaudusing 53% tnelfasazas@usaves

L1l
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2 o | Y o o | o v . o e
LNAR I\/Ig(NO3)2 @uﬁ]@ﬂﬁl%‘llﬁﬂ’]@j@ﬂ’m:@l@@ UIFIALWNHIIAAINUNUNIALE  caliper R1UIU 4 TILRI

mANeat AATzanTAn1analag A3 lunN9AWInAL 1 mm/s 91U 4 T1FR8ENT AN
| v K , al . | e o | o o o v
ANAINHLALAN (tensile stress), AHNLATEA (Strain) LATANENNDANA WiAganUlWiage 2.4.1 (3)
(2) gaumnianInuia (T)
al o 1 o [3 Qi dy % o o v
WTINAREN9TWIA 10 mm x 3 mmx 1 mm W liALN AruTuduius 0 % Taeldans PO,
auFnatiadingan1azanna AAsziifatLATas dynamic mechanical thermal analyzer (NETZSCH

DMA 242, Piscataway, USA) NAAULLLKINANNgMAR -50 to 150 °C, dmsnnisliimanben 3 °C

[ % I

min AR 1 Hz @9inliiifia sinusoidal strain amplitude 0.05% tiunnANagaatiamel (elastic

a

modulus ; E’), AMNBARAAIINULA (viscous modulus ;E”) WAZAN tan & (E/E) Ngnunaising 7

a

AIITIAGUNYRANINLTIIRINAINNEIEAT4 tan § (tan & peak)

a

(3) FTIR spectra

WTENFaEN9A83E KBr pellet ARz EneILAaas Fourier Transform Infrared Spectrometer
(Perkin Elmer instruments, Singapore) Wil transmission mode ‘17{ resolution 4 Cm’1, 64 scans, 400-
4000 cm’'.

(4) NMIRATHIN

a

et eruadueuAudnats 20 mm llauuisnigungdl 55 °C waan 24 dalua vise

a

1
a o

aunminasy (W) sildugluinndu 50 mi MEN 0.05% NaN, wWeilesiunisiasnyaesqauriad 7

1 £ 1
qrunni 25 °C lunan 1 anfind detiwinsaedtie (W,) inldeuuitsnemund 55 °C Wuian 24

q a

v
o o

F0T19 WTBAUUMUNAIN(W,). TAFIZIIIUI 4 TIFIBENN AMUITUNITAATHINAIANNS
NNIQATNIN (%) = 100 x (W, - W,) / (W) (2.1)

2.4.3 NNFWATIZINNADA .

a

AAzflaeldllsunsn  SPSS 10.0 wul one-way ANOVA uazld LSD dwsuilzauiiew

ARAENANNTRI 95% (p < 0.05).
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3.1 HATRINISANARNUUNNARANLAUDIAULANETWED
dl a s o dld 1 '8 = a % E%
WWaILATL i NaIR9N AR AN N ARadALs N UN AR LAZaNT ANI9NaTaLEwlans w1

NDULAZUAIRANAANUUADN

3.1.1 asAdsznaumaail

37l 3.1 uamsprnduiufrsuine funadnduludulanswiniignataean (%) funan
nsanafiog 0.7% Tmhanasalsd  wudilunndnivludulongniingnadneanuinludosusn
udnii 60 aufl 90 wiBruAniudewinned suiluduneusel3@nenares s

antuludulansndnnadaiinai 0, 15 way 90 W

60

(%)

s

SuNANNUNANARAN

ﬂa

0 T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

AENA (RIN)

917 3.1 Rannianiunainean (%) Naain1sansa 0-90 w1,

717 3.2 uanudureadulanznironasanain 15 win (n) uaz90 ww (1) wudndulenda

]
=

o dl al 09/ 4 @ a 091 | =2 A IS o v a A
analasuaainuAaluiiuduimaaaunAuan Ieeutun1IdNaanlLaan



(n)
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917 3.2 Aeeadulanzwiiaudaanni 15 wan (n) waz90 WA (1)

A1719% 3.1 uansasALlsznauniuatreaduleneulaznasanaiinan 0, 15 ez 90 i Tag

2
AAUANALEULEN A NTULAZIENANAY 4.5%,  3.5%.ANNANAU HUFNUANTY maaladuazial

1aglaavinaL 42 %, 31% and 21% MINAIAL naINIFaiAlFNIMANTuean dena liitTunEd

uaglaauazisaglaanasunlasliidniios annimeaaanudan 90 wn arunsnanaaniiveants

a Aa QI %4 A A ! 1 o 1% dll a A [ A A o =
50%ARIANULLTH U Lmmm@ﬂuum\‘imuhmmmmnm@@ﬂim FIANRMNANUUDTNMAUNTANNUDISLAN

1
o 1 A

Aungiaiau 7 [27]. luduseusellidendAnsnaesdaniiu 3 szau Tnaainm 0, 15 uay 90 w191 4l

U

N34NAANTUBAN 0%, 25% LAY 50% AINAAL.

AN9199 3.1 a9Alsznaun1aaRaaadulaNs i nauLaz AT AAN LA an

lelidaly EVALZLLION anilu (%) wailinaglag (%) \iaglaa(%)
0w Eule L 42 42.10 25.3 36.6
5 uh WEule L 36 36.03 - -

15 WEule L 31 31.38 25.8 39.4

60 W7 Wl L 22 22.44 - -

90 W7 WEule L 21 21.42 23.3 41.1
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3.1.2 ANUANNNAUDILAULENZTWE1Q
ANTNT 3.2 LAASANLTAN NN AT E W aN NI N ULALNAIRNAANTIU AR ANeATN3
NARDULLULIIAY NUINANTAN19NaU09L AU N ENENaBLATUAIATARNDULANFAI 19 TN
dednAty (p>0.05) InelannzAndaniuenaa (Young's modulus) WAZANAYINANUNIULIIAG (tensile
strength)
LY 2 £ 1 o a a al v a o
antiRraadulansninnaudnnantiuaaniA INAALNOLNATEY  Geethamma  LATATLY
(1998) [10] Ay Tomczak wazAny (2007) [11]. %ﬁﬁmmdf]lﬁaﬁuﬁlﬂmw’émﬁﬂﬁqm@ﬁm, ANAIN

AuMIuULIRe uazAINsEinsna lumag 2.5- 6 GPa, 108-252 MPa uaz 15-40% ANNATAL.
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Abstract

The effect of lignin content 1n fiber on properties of
biocompesite was mvestigated. Coconut fiber was
treated with 0.7% sodium chlorite to vary lignin
content 1 fiber. Gluten-based matenals remforced
with fiber contamning different lignin content were
prepared by hot molding. The result showed that
removal of lignin i fiber has no effect on tensile
strength of composite. Young s modulus of composite
with treated fiber increased. This may be the influence
of lignin extraction on mechanical properties of
treated fiber. No effect of lignin content on glass
transition temperature of composite was observed.
Lignin content has no sigmificant effect on
fiber/matrix 1interaction because of no change in
infrared spectra of composite with different ligmin
content.
Keywords:
Biocomposite

Wheat  gluten.  Cocomut  fiber,

1. Introduction

The increase m fossil energy costs and the
environmental concerns result in new opportunities
for the industrial production of biodegradable
materials based on natural renewable resources.
Gluten-based material displavs interesting functional
properties, in terms of viscoelasticity and water
resistance. Mechanical properties of gluten-based
materials can be modulated according to the process
conditions such as temperature [1]. [2]. blend
composition such as plasticizer type/content [3] fiber
addition [4]. [5]. [6] and filler addition [7].

Natural fiber is widely used as a reinforcement
to produce biocomposite. Adhesion between matrix
and fiber 15 an important parameter affecting
mechanical properties of composite, as a good
adhesion ensures a good stress transfer from the
matrix to the fiber [8].

Fiber/matrix adhesion can result from a physical
adhesion or from a chemical cross-linking. Pressure
Sensitive Adhesives (PSA) of gluten matrix 15 an
important parameter on physical adhesion between
fiber and gluten [4].

Despite phvsical adhesion. chemical bonding
can strongly affect the quality of the interface. Lignin,
a polyphenolic compound located on fiber surface,
may be a key parameter on the fiber/matrix chemical
adhesion. Polyphenol/protemn mteractions have been
described i literatures [9] [10]. A recent study [7] has
been demonstrated that Kraft ligmin can strongly
interact with wheat gluten. suggesting the occurrence
of a strong non-covalent interaction.

The coconut husk 15 available 1n large quantities
from coconut production in Asia [11]. Coir 15 a
lignocellulosic natural fiber obtamned from the outer
shell. or husk. of the coconut Coconut coir 1s
extremely high in lignin content about 46% [12]. Use
of coconut coir as a reinforcement has been already
studied. but only on cement board [11].

The objective of this work was to study the
effect of lignin content on properties of coconut
fiber/WG biocomposite. The effect of lignmn on
fiber/matrix interaction and the matrix
deplasticization was wmvestigated. Chemical bonds
between fiber/matrix were determuned by FTIR. Glass
transition  temperature (T,) of composites was
determined by DMTA. MMechamical properties of
composite were determuned.

2. Experimental Procedure
2.1 Materials

Commercial vital wheat gluten was obtained
from Winner Group Enterprise Ltd. (NSW. Auvstralia).
Its profein confent was 76.8% (dry matter). moisture
content was 6% (wet basis) according to the
manufacturer.

Coconut coir fibers were purchased from
Banglamung factorv (Chonbun. Thailand). They are
obtained by separating fiber and pitch, and drying in
an ambient air. Density of raw coconut fiber 15 0.86 =
0.06 g/em’ measured by oil pycnometer.

Anhydrous glyveerol was purchased from
Roongsub  Chemical Ltd  (New South Wales,
Australia) in analvtical grade. Chemical reagents were
obtained from Ajax Finechem Ltd.. Merck and Carlo
Erba Ltd. in analvtical grade.
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Fiber preparation
.2.1 Chemical treatment

To reduce the lignin content. coconut fibers were
treated with 0.7% NaClQ, at pH 4. 1:50 liquor ratio,
at boil temperature for different periods of time at 0.
15 and 90 mun. After treatment, fibers were washed,
dried at 105° C for 5 b [13] and cut into 5 mm length.

[ )
[

Moisture content. ash content of coconut fiber
were analyzed by AOAC (2006) 990.19. 94546
Lignin content. holocellulose content and alpha-
cellulose content of coconut fiber were analvzed by
Klason method, browning method and TAPPI T201
om-93. respectively. Hemicellulose content was
calculated by the difference between holocelloulose
and alpha-cellulose. Samples were analyzed in three
replications.

2.2.3 Mechanical properties of single fiber

The fiber tensile strength test was carried out by
using a Texture Analyzer (Stable Micro Svstem, TA-
XT plus, Surrey, UK). Coconut coir fibers were cut
into 9 cm length. The diameters of coconut fibers are
between 0.289 — 0.577 mm. 0.226-0.637 mm and
0.236-0.497 mm measured using a caliper for 0. 15
and 90 min, respectively. The initial grip separation
was 50 mm and elongation speed was 1 mm/'s. Stress
values (MPa) were calculated by dividing the
measured force walues (N) by the initial cross-
sectional area of the specimen (mm?). Strain values
were expressed in percentage of the initial length of
the elongating part of the specimen (Lg= 50 mm).
Young's modulus was deternuned as the slope of the
linear regression of the stress-strain curve. Samples
were analyzed in twenty replications.

2.3 Biocomposite preparation

The composites were produced by mixing and
compression molding. Composition consisted of 635
gluten/35 glvecerol wt/wi. as a matrix, and 10 wi%e
fiber as a reinforcement.
2.3.1. Mixing process

Sixty g of gluten. glyeerol and fiber was mixed
i a nuxer (King Mixer. K-05 model, U.S.). Mixing
speed was respectively low medinum and high, nmixing
ttme of each speed 15 10 nmun.
2.3.2. Compression molding

Fifty-five g of the mixed blend was deposed in a
squared mould (15 ecm=15cm =2 mm) and
thermomolded at 130 °C. 150 bar in a heated press
(LP-25M. Labtech Engmeering Co.. Ltd.. Thailand)
for 15 min.

2.4 Biocomposite characterization
2.4.1 Mechanical properties at high deformation
Tensile tests were performed on a Texture
Analvzer (Stable Micro System, TA-XT plus. Surrey,
UK). Samples were cut into dumb-bell shaped
specimens of 11 cm overall length and 7 mm width by
Hydravlic Press Machine (15 T. SMC TOYOQ
METAL Co.. Ltd.. Thailand) and preconditioned at
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25°C and 53% relative humidity over a saturated salt
solution of MMg(NO;); Specimen thickness was
measured with a caliper. The initial grip separation
was 50 mm and elongation speed was 1 mm/s. Tensile
strengths and elongations at break values, as well as
Young moduli were calculated as described mn 223
section. Each sample was analysed at least four
replications.
2.4.2 Mechanical properties at low deformation

Rectangular samples (10x3=1 mnt)  were
analyzed with a dynamic mechanical thermal analvzer
(NETZSCH DMA 242 Piscataway. USA) equipped
with a cryogenic svstem fed with ligud nitrogen. A
tensile test was performed with a temperature ramp
from —100 to 150°C at a heating rate of 3°C min™. A
variable sinusoidal mechanical stress was applied to
the sample (frequency = 1 Hz) to produce a sinusoidal
strain amphtude  of  0.05%. which ensures
measurements in the linear domain of viscoelasticity.
During analysis. the storage modulus (E7). the loss
modulus (E7) and tan & (=E"/E’") were recorded and
plotted against temperature for further evaluation of
thermal transition. T, was 1dentified as the
temperature of the tan § maximum. Each sample was
analysed in three replications. and the average value 1s
given.
243 FTIR

The composites are sprinkled inte a matrix of
KEBr., and ground in an agate mortar (KBr pellet
technique). The samples are tested using a Fourier
Transform Infrared Spectrometer (Perkin Elmer
struments,  Singapore). Investigation has  been
performed 1n the transmission mode at the resolution
of 4 em™. Each sample recording consisted of 64
scans recorded from 400—4000 cm™.

3. Results and discussion
3.1 Influences of lignin extraction on fiber
properties
3.1.1 Chemical composition

The chemical compositions of untreated and
treated coconut fibers are given m Table 1. Untreated
coconut fiber has lignin content about 42%. After
lignin extraction at 15 and 90 mun  fiber has
respectively  31% and 21% lignin  content,
corresponding to 25 and 50% of lignin remowval
NaClO, treatment slightly changes cellulose content.
but increases hemicellulose content.

Table 1. Chemical composition of coconut fiber
treated with different time

Coconut Chemical composition (%)

fiber Lignin Cellulose | Hemicellulose
0 min 4210 253 36.6
15 min 3138 258 394
90 min 2142 233 1.1
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3.1.2 Mechanical properties of fiber

Mechanical properties of the fiber containing
different lignin content are shown in Table 2. Tensile
strength of fiber decreased after lignin removal This
mav be associated with breakage of the bound
structure  and the non-cellulosic materials [14].
resulting 1n a lower adhesion within fiber. However,
at 90 min treatment tensile strength of fiber increased.
This mav be attributed to the smaller diameter of fiber
at longer treatment, resulting in an enbancement of
the aspect ratio of the fiber [15].

Young's modulus of fiber increased and
elongation at break decreased after lignin extraction.
These results may be associated with the removal of
cementing materials which affected the rearrangement
of the cellulose molecules, leading to a better packing
of cellulose [16].

Table 2. Mechanical properties of coconut fiber with
different treatment time

Coconut E;Eglli‘lgub Ten'“il‘l? Elongation at
fiber (GPa) ’ SE;.EIII]FI'%:]‘1 break (%)

_ 2.29 123.24 33.39
0 nun +0.47 +34 67 +7.01
259 9727 21.61
15 min +0.64 +37.38 =9.00
243 112.50 27.59
90 min 062 =47 79 =11.95

3.2 Effect of lignin content on composite properties
3.2.1 Mechanical properties of composite

The effect of lignin content on mechanical
properties of fiber/gluten composite is shown in Table
3

mechanical properties of treated fiber as shown in
previous section. Changes m Young's modulus and
elongation may be associated with the influence of
lignin extraction on mechanical properties of fiber.
Moreover, lignin removal has no effect on tensile
strength of composite. Therefore, it seems that lignin
content has no effect on mechanical properties at high
deformation of compaosite.

3.2.2 Glass transition temperature

Storage modulus (E”) and tan ¢ evolutions with
temperature of composites reinforced with 10% fiber
containing different lignin content are shown in
Figure 1. Several tan & peaks are observed. A munor
peak at a temperature range from -50 to -60 °C should
be attributed to the second relaxation (tan & —p1) of
free glycerol [17]. The weak peak (tan ¢ - o2)
appearing at a temperature around 26-33 °C should be
attributed to the T, of the plasticized matrix phase
[18]. A strong tan ¢ peak (tan 5-al) 1s corresponded to
the main transition of material.

le+f 5 7
3 ———  (Gluren-based material
Unextracted fiber sluten composite L 5
15 min exacted fiber ghen composite
90 min exTacted ghien composite .
g 43
= Pe =
= g Ls 3
£ * |
i
i 2
rm é.if ~
‘
3 e L1
T T T 0.0
a 50 100 150
Temperature (C)

Figure 1. E" and tan é of wheat gluten-based matenials
reinforced with coconut fiber containing different
lignin content

Table 4 shows the T, and tan delta peak of
materials determined from the main transition. Fiber
addition ncreased T, of material compared to pure
gluten-based material. This can be associated with a
deplasticizing effect [3] and the effect of fiber/matrix
mnteraction [19] as already reported.

Table 4. T, and tan ¢ peak height of gluten-based
materials

Table 3. Mechamical properties of gluten-based
materials
Young's Tensile .
Sample modulus strength IEII;mg ;n{oon at
(MPa) (MPa) reak (%)
5.52 171 162.66
o
0%fiber =0.55 =0.12 £25.03
10% of O 17.94 1.86 32.82
min treated -
£27 =013 =507
fiber +2.26 =0.13 =6.07
10% of 15 2274 1.85 23.00
mintreated |, o, =0.11 =640
fiber
10% of 90 18.51 1.76 2953
mintreated |, 44 £0.05 =292
fiber

Young's modulus of composite with treated
fiber increased. and elongation at break decreased.
These results are the same trend with initial

Sample - Tan & peak
I CO) height
0%fiber 7220%3.0 043 +0.0047
o, ;
lrfe_jt::; %E’;r“ 9237+08 0.35+0.0014
10% of 15 mi
e et | 9251201 | 036+00202
10% of 90 m
U:_fed fib’:rm 9233+16 0.31 + 0.0004
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Concerning the effect of hignin content on T
lignin removal had no effect on T,

Comparing the maximum of tan 4, Tan ¢ of pure
gluten material was lower than that of fiber/gluten
composite. suggesting motional restriction [18] due to
fiber addition. Concerning the effect of lignin content,
tan & slightly decreased at long treatment time.

3.2.3 FTIR spectra

Figure 2 shows the FTIR spectra of the WG-
based matenial with fiber contamning different lignin
content ranging from 1600 to 1000 cm™. Observed
peaks are the functional group of gluten or fiber.
There are some slightly changes 1n band positions and
mtensities. All matenials present peak at 1640 (amude
I). 1542 (anude II) which are functional group of
gluten. For fiber/gluten composite. some peaks of
fiber are observed compared to pure gluten material
such as 1515 (aromatic nng). 1422 (lignin
component). 1243 (OH group and syringyl ring).
Comparmg between unextracted and extracted fiber.
some peaks are disappeared 1n extracted fiber/gluten
composite. for example 1379 (syrningyl ning). 1261
{guaiacyl ring).

160
M0 1243 (OF group + syringy! rimg)
120 i
= 1517 (aromatic
E 1004 ¢ =)
z
; 80 1261 (gmaiacyi =
;3 60 - 1379 (syriagy! ring)
40 1542 (amide 1T)
~4 1650 (amida T)
¢ ; ; . v . . .
2000 1800 1600 1400 1200 1000 500 609
“'lm(tl-l)
Figure 2. FTIR spectra of gluten-based material

reinforced with (bottom to top) 0% fiber. 10% of 0. 15
and 90 min treated coconut fiber

It can be concluded that lignin has no effect on
function group of polyphenol- protein mteraction in
fiber/protein composite. because there 15 no strong
difference 1n the IR spectrum among different lignin
composite samples. This may be because protein-
polyphenol complexes are held together by weak
associations such as hydrophobic bonding. Therefore.
lignin content has no sigaificant effect on fiber/matrix
interaction.

4. Conclusion

Gluten-based matenals reinforced with 10%
untreated and treated fiber were prepared to study the
effect of lignin content. The results showed that lignin
removal did not affect mechanical properties of
composite because of no significant difference in
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tensile strength. Young's modulus and elongation at
break. Mechanical properties of composite showed
the same trend with initial value of lignin extracted
fiber. Lignin removal did not significantly affect the
T, of composite. Lignin content had no effect on
fiber/matrix interaction due to no strong difference 1n
the infrared spectrum of composite with different
lignin content.

References

[1] Pommet. M.. Morel. M.-H.. Redl. A and Guilbert.
S. 2004, Aggregation and degradation of
plasticized wheat gluten dunng thermo-
mechanical treatments. as monitored by
rheological and biochemical changes. Polymer.
45: 6853-6860.

[2] Domenek. S.. Morel. M.-H.. Bonicel. J. and
Guilbert. S. 2002. Polvmerization kinetics of
wheat gluten upon thermosetting. A mechanistic
model. J. Agric. Food Chem. 50: 5947-5954.

[3] Pommet. M.. Redl. A.. Guilbert. S. and Morel. M -
H. 2005. Intrinsic influence of various plasticizers
on functional properties and reactivity of wheat
gluten thermoplastic materials. J. Cereal Sci.. 42:
81-91.

[4] Kunanopparat, T.. Menut. P.. Morel. M -H. and
Guilbert. S. 2008. Plasticized wheat gluten
reinforcement with natural fibers: Effect of
thermal treatment on the fiber/matrix adhesion.
Composites Part A: Applied Science and
Manufacturing. 39: 1787-1792.

[5] Kunanopparat. T.. Menut. P.. Morel. M -H. and
Guilbert. S. 2008. Remforcement of Plasticized
Wheat Gluten with Natural Fibers: From
Mechanical Improvement to Deplasticizing Effect.
Composites Part A 39: 777-785.

[6] Wretfors. C.. Cho. S. W.. Hedenquist., M.
Marttila. S.. Nimmermark. S. and Johansson. E.
2009. Use of Industrial Hemp Fibers to Reinforce
Wheat Gluten Plastics. Journal of Polvmers and
the Environment. 17: 259-266.

[7]1 Kunanopparat. T.. Menut. P.. Morel. M -H. and
Guilbert. S. 2009 Modification of the Wheat
Gluten network by Kraft Lignin addition. J. Agric.
Food Chem. 57: 8526-8533.

[8] Riande. E.. Diaz-Calleja. R. Prolongo. M.
Masegosa. R. and Salom. C. 2000. Polymer
Viscoelasticity: Stress and Strain i Practice.
Marcel Dekker. Inc.

[9] Bennick. A. 2002. Interaction of plant polyphenols
with salivary proteins. Crit. Rev. Oral. Biol. Med.
13: 184-196.

[10]Papadopoulon. A. and Frazier. RA. 2004
Characterization of protein-polyphenol
interactions. Trends Food Sci. Technol.. 15: 186-
190.

[11]Asasutjarit. C.. Charoenvai. S.. Hirunlabh. J. and
Khedari. J. 2009. Materials and mechanical
properties of pretreated coir-based green



HAUARNW WU s gaRgn9ss AUWIWITNG

P. Muensri et al. / TISD2010. Thailand. 4-6 March 2010 5

composttes. Composites Part B: Engineering. 40:
633-637.

[12]Khedar:. J.. Nankongnab. N.. Hirunlabh. J. and
Teekasap. S. 2004. New low-cost insulation
particleboards from mixture of durian peel and
coconut coir. Building and Environment. 39: 59-
65.

[13]Pejic. B.M.. Kostic. M. M.. Skundnc. P. D. and
Praskalo. J. Z. 2008. The effects of hemicelluloses
and lignin removal on water uptake behavior of
hemp fibers. Bioresource Technology. 99: 7152-
7159.

[14]Sreekala. M.S.. Kumaran. M.G.. Joseph. S.
Jacob, M. and Thomas. S. 2000. Oil Palm Fibre
Reinforced Phenol Formaldehyde Composites:
Influence of Fibre Surface Modifications on the
Mechanical Performance Applied Composite
Materials. 7: 295-329.

[15]Cao. Y.. Shibata. S. and Fukumoto. I. 2006.
Mechanical  properties  of  biodegradable
composites reinforced with bagasse fibre before
and after alkali treatments. Composites Part A:
Applied Science and Manufacturing.. 37: 423-
429.

[16]Rong. M.Z., Zhang, M. Q.. L. Y.. Yang. G. C.
and Zeng. H. M. 2001. The effect of fiber
treatment on the mechanical properties of
unidirectional sisal-reinforced epoxy composites.
Composites Science and Technology. 61: 1437-
1447,

[17]Averous. L. and Boquillon. N.. Biocomposites
based on plasticized starch: thermal and
mechanical behaviours. Carbohvdrate Polvmers.
2004. 56: 111-122.

[18]Zhang. X.. Do. M. D.. Dean. K.. Hoobmn. P. and
Burgar. I. M. 2007.Wheat-Gluten-Based Natural
Polymer Nanoparticle Composites.
Biomacromolecules. 8: 345-353.

[19]Averous. L.. Fringant. C. and Moro. L. 2001.
Plasticized  starch-cellulose  interactions in
polysaccharide composites. Polymer. 42: 6565-
6572.



HAUANNA UL sEgaRTIN199 T AU TG




NANUANNWIUINTANTITIN I AUUIUNTN R

NATUANNN LUINSTRIFITINITTEAUUIUE A

Composites: Part A 42 (2011) 173-179

ELSEVIER

Contents lists available at ScienceDirect

Composites: Part A

journal homepage: www.elsevier.com/locate/compositesa

Effect of lignin removal on the properties of coconut coir fiber/wheat

gluten biocomposite

Pakanita Muensri?, Thiranan Kunanopparat ®*, Paul Menut ¢, Suwit Siriwattanayotin *

*Department of Food Engineering Faculty of Engineering King Mongkut's University of Technology Thonburi, Tungkry, Bengkok 10140, Thailand
®Pilot Plant Development and Training Institute, King Mongkut's University of Technology Thonburi, Tungkry, Bangkok 10140, Thailand
“UMR 1208 Ingénierie des Agropolyméres et Technologies Emengentes, INRA, CIRAD, Montpeilier SupAgro, Université Montpellier 2, F-34000 Montpellier, France

ARTICLE INFO ABSTRACT

Artide history:

The effect of fiber lignin content on biocomposite properties was investigated. Coconut fiber was treated
with 0.7% sodium chlorite to selectively decrease amounts of lignin. The fiber lignin content was then
reduced from 42 to 21 wt.%. The composition and mechanical properties of the individual modified fibers
were characterized. Gluten-based materials reinforced with modified fibers were prepared by compres-
sion molding. Then, the mechanical properties, water sensibility, matnx glass transition and infrared
spectra of biocomposites prepared with fibers containing various amounts of lignin were evaluated. This
study showed that the addition of coconut coir fiber significantly improved properties of wheat gluten
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B. Mechanical properties lignin removal is not an efficient way to improve the properties of natural fiber/plasticized protein

biocomposites.
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1. Introduction

The increase in fossil energy costs and the environmental
concerns result in new opportunities for the industrial production
of biodegradable materials based on natural renewable resources.
A growing demand for various applications are thus expected such
as short-lived applications for agriculture {(e.g, plant pot, mulching
films to cover soil), food and non-food packaging [1,2]. Gluten-
based material displays interesting functional properties, in terms
of viscoelasticity and water resistance. Mechanical properties of
gluten-based materials can be modulated according to the process
conditions for example temperature | 3,4] or mechanical energy in-
put[5],or to the blend composition by the modification of the plas-
ticizer content [6] or by the addition of natural fibers [7-9].

Natural fibers, which are essentally composed of cellulose,
hemicellulose and lignin, are widely used as a reinforcement to
produce biocomposite [7-9]. The fiber composition depends on
the plant from which it is extracted, as well as on the agricultural
conditions. It is mainly composed of three compounds which are
cellulose, hemicellulose and lignin. Cellulose and hemicellulose
are polysaccharides, while lignin is a three-dimensional amor-
phous polyphenolic macromolecule consisting of three types of
phenylpropane units (as shown in Fig. 1) [10], which are forming

* Corresponding author. Tel.: +66 2470 9343; fax: +66 2470 9240.
E-mail address: thiranankun@kmutt.ac.th (T. Kunanopparat)

1359-835X/$ - see front matter @ 2010 Elsevier Ltd. All rights reserved.
doi: 10.1016/f.compositesa, 2010.11.002

a complex, highly branched and amorphous structure. Moreover,
the local repartition of the compounds is not homogeneous. In
general, lignin is mainly located at the surface of the fiber, while
the backbone is mainly composed of cellulose.

Adhesion between matrix and fiber is an important parameter
affecting the mechanical properties of composite, as a good adhe-
sion ensures a good stress transfer from the matrix to the fiber
[11]. This adhesion can result from a physical origin or from a
chemical cross-linking. In natural fibers/wheat gluten composites,
both types of adhesion are supposed to be effective. Our previous
study [8] showed that different reinforcement effect can be corre-
lated with different Pressure Sensitive Adhesive (PSA) properties of
the gluten matrix. Additionally, chemical bonding can strongly
affect the quality of the interface. Lignin, a polyphenolic compound
located on fiber surface, may play a key role on the fiber/matrix
chemical adhesion. Indeed, polyphenol/protein interactions have
been largely described in literatures [12-14] and various types of
interactions are identified. In a recent study, we have demon-
strated that Kraft lignin can strongly interact with wheat gluten
[15], and evidenced the role of the phenolic group in this interac-
tion [16]. Therefore, variations in the fiber lignin content should
monitor the density of fiber/matrix interactions, and resultantly
the biocomposite properties.

A specific phenomenon that can be observed in biocomposites
is called the matrix deplasticization [8]. Indeed, the agropolymer
used as a matrix (here, a protein), is thermosensitive, and begins
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Coniferyl alcohol/guaiacyl: R;=OMe, R>=H
Sinapyl alcohol/ syringyl: Rj=R.=0Me
pCoumaryl alcohol: R)=R.=H

R

OH
Fig. 1. The three building blocks of lignin [10].

to degrade at a temperature lower or close to its glass transition.
Therefore, agropolymers need to be plasticized by a small polar
molecule (as glycerol) to decrease their glass transition tempera-
ture, and therefore allow their industrial processing with a limited
thermal degradation. This plasticizer significantly affects the ma-
trix properties, the common observation is that it decreases both
Young's modulus and tensile strength, while increasing the elonga-
tion at break of materials [8]. Then, when natural fibers are added,
there is a competition between the matrix and the fibers for the
plasticizer absorption, which can result in a deplasticization of
the matrix, and thus in a different reinforcing effect. Unlike cellu-
lose which is associated in microfibers, lignin is an amorphous
polymer, and thus may play an important role on this mechanism.
Therefore, lignin might play a key role by increasing the mechani-
cal properties of those biocomposites due toits location on the sur-
face fibers, its amorphous structure, and its reactivity with wheat
gluten.

Coconut coir fiber, which is in average composed of 46% of lig-
nin (weight basis) is one of the natural fibers containing the higher
lignin content [17]. Lignin can be extracted selectively and progres-
sively by treating the fibers with an aqueous alkaline solution or
with an organic solvent [2]. It is thus a medium to conduct a sys-
tematic study on the effect of lignin on biocomposites properties.
About 55 billion of coconuts are harvested annually in the world,
but only 15% of the husk fibers are actually recovered for use
[18]. Most husks are abandoned in the nature, which constitute a
waste of natural resources and a cause of environmental pollution
[19]. Therefore, biocomposites from wheat gluten reinforced with
coconut coir fiber would certainly offer interesting routes for the
production of environmentally-friendly materials. Use of coconut
coir as a reinforcement has been already studied, but only on ce-
ment board [20], polypropylene [21], and starch/ethylene vinyl
alcohol copolymers [22].

Pretreatments of coir fiber by washing and boiling in order to
remove the impurities on the coir surface have been already stud-
ied [20]. In terms of surface topology, pretreatments can create
voids and produce fiber fibrillation, leading to a better fiber/matrix
adhesion and therefore better mechanical properties of coir/
cement composite. For biocomposite, the modification of fiber
chemical composition and their effect on the properties of materi-
als was studied [23,2]. The effect of the lignin content has been
studied on lignocellulosic fibers incorporated into a biodegradable
aromatic polyester, polybutylene adipateco-terephthalate [2]. In
that case, lignin removal by chemical treatment increased the bio-
composite moduli, suggesting that the lignin/cellulose ratio is an
important parameter [2]. However, the effect of chemical composi-
ton of natural fiber on properties of biocomposite especially on
matrix deplasticization and fiber/matrix interaction has not been
clearly reported.

The objective of this work was to study the reinforcing effect of
coconut fiber in protein-based biocomposites, by modifying the
fiber lignin content. Firstly, coconut coir fiber was pretreated in or-
der to decrease progressively its lignin content. Properties of origi-
nal and modified fibers were characterized. Then, the glass
transition temperature {T) of biocomposite was determined by dy-
namic mechanical thermal analysis (DMTA), in order to investigate
the matrix deplasticization. Chemical bonding between fibers and
matrix were investigated by Fourier Transform Infrared Spectros-
copy (FTIR). Mechanical properties and water absorption of the
samples were finally characterized to study the functional proper-
ties of materials.

2. Experimental procedure
2.1. Materials

Commercial vital wheat gluten was obtained from Winner
Croup Enterprise Ltd. (NSW, Australia). Its protein content was
76.8% (dry matter), moisture content was 6% (wet basis) according
to the manufacturer.

Coconut coir fibers were purchased from Banglamung factory
(Chonburi, Thailand). They are obtained by separating fiber and
pitch, and drying in an ambient air. Density of raw coconut fiber
is 0.86 + 0.06 g/cm* measured by oil pycnometer.

Anhydrous glycerol was purchased from Roongsub Chemical
Ltd. (New South Wales, Australia) in analytical grade. Chemical re-
agents were obtained from Ajax Finechem Ltd., Merck and Carlo
Erba Ltd. in analytical grade.

22. Fiber preparation and characterization

22.1. Lignin extraction

The selective extraction of lignin from coconut fibers was real-
ized as follow [24)]. Fibers were treated with 0.7% NaClO; at pH 4,
1:50 liquor ratio, at boil temperature for different periods of time
at 0, 15 and 90 min. After treatment, fibers were washed, dried
at 105 “C for 5 h and cut into 5 mm length.

22.2. Chemical composition and crystallinity of fiber

Moisture content and ash content of coconut fiber were ana-
lyzed by AOAC (2006) 990.19, 945.46. Lignin content, holocellulose
content and alpha-cellulose content of coconut fiber were analyzed
by Klason method, browning method and TAPPI T201 om-93,
respectively. Hemicellulose content was calculated by the differ-
ence between holocellulose and alpha-cellulose. Samples were
analyzed in three replications.

Crystallinity of cellulose was analyzed using X-ray diffractome-
ter (Rigaku, DMAX 2200). X-ray diffraction spectra were collected
in a 26 range between 10° and 50°. The crystallinity index, which
is adapted only to crystalline cellulose I, was calculated by [25]:

Cl‘ystallinlty ("7()) = (Imz — n&S)/lml x 100 (l)

where Iy is the diffracted intensity by (00 2) plane which is the
intensity at strongest peak [26], I;5s- is the diffracted intensity at
18.5%

22.3. Mechanical properties of single fiber

The fiber tensile strength test was carried out by using a Texture
Analyzer (Stable Micro System, TA-XT.plus, Surrey, UK). Coconut
coir fibers were cut into 9cm length. The diameters of coconut
fibers are between 0.289-0.577 mm, 0.226-0.637 mm and
0.236-0.497 mm measured using a caliper for 0, 15 and 90 min
of treatment, respectively. The initial grip separation was 50 mm
and elongation speed was 1 mm/s. Stress values (MPa) were
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calculated by dividing the measured force values (N) by the initial
cross-sectional area of the specimen (mm?). Strain values were ex-
pressed in percentage of the initial length of the elongating part of
the specimen (L; = 50 mm). Young's modulus was determined as
the slope of the linear regression of the stress-strain curve. Sam-
ples were analyzed in 20 replications.

22.4. Surface morphology of fiber

Surface morphology of the fibers was examined by scanning
electron microscopy each sample was deposited on carbon tape
mounted on stubs and then gold-coated. Samples were observed
by scanning electron microscopy (Hitachi S-3400N & EDAX) using
a voltage of 10 kV.

23. Biocomposite preparation

The composites were produced by mixing and compression
molding. In order to decrease the gluten glass transition tempera-
ture and therefore process it at a processing temperature that
prevented a strong thermal degradation, glycerol was added. Com-
position consisted of 65 gluten/35 glycerol wt./wt. as a matrix, and
10 wt¥ fiber as a reinforcement.

23.1. Mixing process

Sixty gram of gluten, glycerol and fiber was mixed in a mixer
(King Mixer, K-05 model, US). Three steps of mixing speed were
successively used for each sample: low, medium and high, respec-
tvely. Mixing time of each speed is 10 min.

23.2. Compression molding

Fifty-five gram of the mixed blend was deposited in a squared
mould (15cm > 15cm <« 2mm) and thermomolded at 130°C,
150 bar in a heated press (LP-25M, Labtech Engineering Co., Ltd.,
Thailand) for 15 min.

24. Biocomposite characterization

24.1. Mechanical properties at high deformation

Tensile tests were performed on a Texture Analyzer (Stable
Micro System, TA-XT.plus, Surrey, UK). Samples were cut into
dumb-bell shaped specimens of 11 cm overall length and 7 mm
width by Hydraulic Press Machine (15 T., SMC TOYO METAL Co.,
Ltd.,, Thailand) and preconditioned at 25°C and 53% relative
humidity over a saturated salt solution of Mg(NO1),. Specimen
thickness was measured with a caliper. The initial grip separation
was 50 mm and elongation speed was 1 mmy/s. Tensile strengths
and elongations at break values, as well as Young moduli were cal-
culated as described in Section 2.2.3. Each sample was analyzed at
least in four replications.

24.2. Mechanical properties at low deformation

Rectangular samples (10 x 3 x 1 mm®) were analyzed with a
dynamic mechanical thermal analyzer (NETZSCH DMA 242, Piscat-
away, USA) equipped with a cryogenic system fed with liquid
nitrogen. A tensile test was performed with a temperature ramp
from —100 to 150 °C at a heating rate of 3 °Cmin ', A variable
sinusoidal mechanical stress was applied to the sample (fre-
quency = 1 Hz) to produce a sinusoidal strain amplitude of 0.05%,
which ensures measurements in the linear domain of viscoelastic-
ity. During analysis, the storage modulus (E'), the loss modulus (E’)
and tané (=E'[E') were recorded and plotted against temperature
for further evaluation of thermal transition. T, was identified as
the temperature of the tan 4 maximum. Each sample was analyzed
in three replications, and the average value is given.

24.3. Water absorption

Samples (20 mm in diameter) were dried in hot air oven at
55 °C until their weight was constant (W,). Then, they were im-
mersed in 50 ml distilled water containing 0.05% NaN; to avoid
the microbial growth at 25 “C. The swollen samples were wiped
and weighed (W,,) after 1 week Then, they were dried in hot air
oven at 55 “C until their weight was constant (Wj). Each sample
was analyzed in four replications.

Water absorption (%) = 100 x (W,, — Wy)/(W;) (2)

24.4. FTIR

The composites were sprinkied into a matrix of KBr, and ground
in an agate mortar (KBr pellet technique). The samples were tested
using a Fourier Transform Infrared Spectrometer (Perkin Elmer
instruments, Singapore). Investigation had been performed in
the transmission mode at the resolution of 4 cm ', Each sample
recording consisted of 64 scans recorded from 400 to 4000 cm ',

25. Statistical analysis

The data in this experiment were analyzed and presented as
mean values with standard deviations. Differences between mean
values were established using one-way analysis of variance (ANO-
VA) and least significant difference (LSD) test at 95% confidence
(p<0.05). The software SPSS 10.0 program was used to perform
the calculation.

3. Results and discussion
3.1. Influences of lignin extraction on fiber properties

3.1.1. Chemical composition

The chemical compositions of unextracted and extracted coco-
nut fibers are given in Table 1. Unextracted coconut fiber has a lig-
nin content about 42%. After lignin extraction for 15 and 90 min,
fibers contain respectively 31% and 21% of lignin, corresponding
to 25% and 50% of lignin removal Therefore, sample codes of fiber
in Table 1 which are L 42, L 31 and L 21 correspond to lignin con-
tent after 0, 15 and 90 min extraction, respectively. As result of the
sodium chlorite (NaClO, ) treatment and resulting lignin extraction,
the relative cellulose content of the fibers increase. However, only
slight changes in cellulose crystallinity are observed.

3.1.2. Fiber surface

The NaClO, treatment used in this study to remove lignin from
the fiber surface also removes impurities, wax and fatty substances
presented on the fiber surface. It can be observed in Fig. 2 that the
longer treatment results in the stronger effect. The globular protu-
sions composed of fatty deposits called tylose [27], have disap-
peared. Similarly, the rugosity associated with the presence of
parenchyma cells [28] at the fiber surface is reduced. Thus, fiber
surface appears to be smoother.

Table 1
(hemical composition of coconut fiber extracted with different time.

Lignin Sample Crystallinity  Chemical composition (%)
extraction  code of of cellulose " X
fime (min), commut ® Lignin  Cellulose Hemicellulose
fiber
0 L 42 fiber 5198 4210 3269 2256
15 L 31 fiber 5259 31.38 3767 2463
920 L 21 fiber  49.06 21.42 4375 2483
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Fig. 2 Coconut fiber, 500 (a), 1000 (b), 15 min-NaClO: treated fiber, 500 (c), 1000 (d}) and 90 min-NaClO> treated fiber 500 (e), 1000 (f).

Table 2
Mechanical properties of coconut fiber with different treatment time.

Coconut Young's modulus Tensile strength Elongation at break
fiber (GPa) (MPa) (%)

L42 fiber  229:047% 1232+ 8.7 3339+701°

L31 fiber 2594064° 973 +37.4 2161+900°

L21 fiber 243:062% 1125 £ 47.8" 2759+1195"

Values with different supersaipt letters in the same column are significant differ-
ence (p <0.05). Significance of the differences was tested with ANOVA-LSD test as
described in Section 2.5,

3.1.3. Mechanical properties of fiber

Mechanical properties of the fibers containing different lignin
content are shown in Table 2. Mechanical properties of unex-
tracted fiber (L 42 fiber) are closed to the values in literature which
reported Young’s modulus of 2.2-2.4 GPa, tensile strength of 128~
155 MPa and elongation at break of 28-34% [29].

Table 2 shows that the elongation at break and tensile strength
of the fibers decrease to a minimum and then increase again while
increasing amounts of lignin removal. Indeed, the effect of lignin
extraction on fibers properties can be diverse. On one hand, the
partial breakage of the three dimensionally cross-linked network
of cellulose and lignin after treatment, results in lower adhesion
within the fiber [30], and thus in lower mechanical properties.
But on the other hand, the removal of cementing materials affects
the rearrangement of the cellulose molecules, leading to a better
packing of cellulose [25]. The extraction can also modify the fibers
dimensions and diameters, which is known to modify their tensile
strength properties, which increase when the diameter decreases

[31], as measured in this study for the stronger treatment {Section
2.2.3). Table 2 also shows that Young's modulus and tensile
strength of untreated and treated fibers are not significantly differ-
ent Therefore, using those different fibers in biocomposites allow
us to vary their chemical compositions while preserving their elas-
tic propertes.

32. Effect of lignin content on composite properties

Gluten materials reinforced with 10 wt® unextracted and ex-
tracted coconut fiber were prepared. Density of coconut fiber is
about 0.86 +0.06 g/cm®, which is low compared to another fiber
such as hemp fiber which has density of 1.44 g/cm’ [32]. Previous
study [ 8] showed that 20 wt.% or 18 vol.% of hemp fiber caused the
fiber agglomeration in gluten-based biocomposite. Therefore, in
this study 10 wt.% (or 14 vol%) of coconut fiber was selected to
avoid an agglomeration of fiber in the matrix.

32.1. Mechanical properties of composite

The effect of lignin content on mechanical properties of fiber/
gluten composite is shown in Table 3. The addition of fibers results
in a strong increase of Young's modulus, an increase of the tensile
strength, and a decrease of the elongation at break, as usually
observed in reinforcement. This is typical of a reinforcing effect,
and those data are similar to values already published for gluten/
fiber composite [9]. Young’s modulus increase with the addition
of 10% of fibers is about 3-4 times. For a given fiber content, com-
posites properties depend on the fibers individual properties, and
on the matrix/reinforcement adhesion. Table 3 shows that the
elongation at break of the composite follows the same trend as that
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Table 3 Table 4
Mechanical properties of gluten-based material reinforced with 10% coconut fiber T; and tan § peak height of composites with different lignin content.
containing different lignin content. =
Sampl T, (°C) Tan s peak height
Sample Young's Tensile Elongation at
-bas 0+£3.0 43+
modulus (MPa)  strength (MPa)  break (%) Gluten-based material 722043 043 +0.0047
R 7% . Gluten/fiber composite
Gluten-based matenal 5,52 £0.55 1712012 162.7 £25.1 L 42 fiber 9237:08 035400014
Gluten/fiber compasite L 31 fiber 9251401 036 £ 0.0202
L 42 fiber 17.94 £ 226 186+013* 32.82 + 607 L 21 fiber 9233+1.6 031+ 00004
L 31 fiber 22744254 185+011* 2300+ 640"
L 21 fiber 18.51 £ L40* 1.76 £ 0.05* 29.53 £292*

Values with different superscript letters in the same column are significant differ-
ence (p < 0.05). Significance of the differences was tested with ANOVA-LSD test as
described in Section 2.5,

of the individual fibers, while tensile strength does not show any
significant difference. Young's modulus of the composites slightly
increases when the lignin content is reduced. However, changes
of composite mechanical properties with lignin content remain
very limited in comparison with the global reinforcing effect due
to the fiber addition. In the investigated range, the partial lignin re-
moval does not appear as strongly modify the biocomposite
properties.

In this study, the lignin content is reduced from 42 to 21 wt%.
Beside this important difference in composition, the remaining lig-
nin content might stll be sufficient to cover the fiber surface.
Therefore, it seems that in natural fiber/protein biocomposite, the
fiber lignin content does not affect the fiber/matrix adhesion as
long as it is still sufficient to cover the fiber surface.

32.2. Glass transition temperature

Storage modulus (E') and tan 6 evolutions with temperature of
composites reinforced with 10% fiber containing different lignin
content are shown in Fig. 3. Several tan é peaks are observed. A
minor peak at a temperature range from -50 to —60 °C should
be attributed to the second relaxation (tan é-f,) of free glycerol
[33]. The weak peak (tan §-2) appearing at a temperature around
26-33 °C should be attributed to the T, of the plasticized matrix
phase [34]. A strong tan  peak (tan 6-a,) is corresponded to the
main transition of material.

Table 4 shows the T, and tan delta peak of materials determined
from the main transition. Fiber addition increases T, of material
compared to pure gluten-based material. This can be associated
with a deplasticizing effect [9] and/or interaction between fiber
and matrix [35] as already reported. Moreover, when fiber was

le+6 3
Gluten-based matenial
les5 & 10%1.42 fiber/gluten composite L &
10%1.31 fiber/gluten composite
10%1.21 fiber/gluten composite 5
= L 4 8
S =
> | 4,
- S8
F 2
Fol
le-1 . . T T 00
-100 -50 0 50 100 150
Temperature ("C)

Fig. 3. E' and tan 5 of wheat gluten-based materials reinforced with coconut fiber
cntaining different lignin content.

added into material, peak at a temperature around 26-33 “Cdisap-
pears. The maximum of tan é of pure gluten material is lower than
that of fiber/gluten composite, suggesting motional restriction [34]
due to fiber addition.

Concerning the effect of lignin content on T, and tan 3, lignin re-
moval has no significant effect neither on T or tan ¢ peak This sug-
gests that the matrix deplasticization can originate in the
plasticizer absorption either by the cellulose, the hemicellulose
or the lignin, in similar proportions. As a result, the addition of a
similar concentration of fibers, whatever their relative lignin con-
tent results in a similar deplastidzing effect.

32.3. Water absorption

Fig. 4 shows the water absorption of gluten-based material and
gluten-based materials reinforced with 10% fiber containing differ-
ent lignin content The addition of 10% fibers strongly reduces the
water absorption of the materials from 75% to 66.5%. These values
are closed to the ones found in literature for gluten/fiber composite
[9]. The overall water absorption of a sample is simply the sum of
the water absorption of each of its components, balanced by their
weight fraction. Therefore, in average, fibers absorb less water than
the plasticized wheat gluten matrix. Fig. 3 shows that lignin re-
moval slightly decreases the water absorption of composite. This
result shows that a difference exists between the water absorption
of lignin and of cellulose (and hemicellulose). As lignin is easily
accessible and has an amorphous structure, it can absorb more
water than cellulose, which is crystalline and less accessible
[24,36].

32.4. FTIR spectra

To study the reinforcing effect of fibers with variables lignin
content, the FTIR spectra of composites was characterized to ob-
serve the formation of new chemicals bonds between fibers and/
gluten. Fig. 5 shows the FTIR spectra from 1600 to 1000 cm ' of
the WG-based material with fibers containing different lignin con-
tent. Observed peaks are the functional groups of gluten or fiber.
There are some slight changes in band positions and intensities.

70 4

:i]lll

10% L 42 fiber  10% L 31 fiber 10% L 21 fiber

Water absorption (%)

Coatrol

Fig. 4. Water absorption of gluten-based material and gluten-based materials
reinforced with 10% fiber containing different lignin content.
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1422 (lignin componest)

1515 (aromatic ring)

% Transmittance

80 1261 {guaiscy! ring)
44 " 1542 (amids IT)
20 1650 (umide= 1)
0 T T T T
1800 1600 1400 1200 1000 800

Wavenumber (cm ™)

Fig. 5. FTIR spectra (bottom to top) of gluten-based matenial, and gluten-based
mmposites with 10% of L42, 131 and 121 fiber.

All materials present peaks at 1640 cm ™' (amide I) and 1542 cm !
(amide II) which are functional group of gluten. For fiber/gluten
composite, some peaks characteristics of the fibers can be clearly
observed, for example at 1515cm ' (aromatic ring), at
1422 cm ' (lignin component), and at 1243 cm™' (OH group and
syringyl ring). However, no new chemical bond between fiber
and matrix is observed. Moreover, it is difficult to deduct from
those measurements the complete absence of those chemical
bonds, as their absence may be due to a very complex infrared
spectrum of both lignin and gluten, which have a large number
of functions and linkages in their structure.

4. Conclusion

In this study, the results showed that the properties of coconut
coirfwheat gluten biocomposites are significantly different from
those of pure plasticized gluten materials. Up to 50% lignin content
of the fibers was progressively removed. Then, the effect of this
composition change was evaluated for lignin content ranging be-
tween 42 and 21 wt% in the fibers. In this range, lignin removal
does not modify the mechanical properties of coconut fiber itself.
In terms of reinforcing effect, matrix deplasticization or overall
biocomposite mechanical properties, the lignin removal has no sig-
nificant effect, but slighdy reduces the water absorption of
samples.

The hypothesis is that the remaining lignin is still sufficient to
cover the fiber surface, where it is essentially located. Therefore,
this study suggests that in natural fiber/protein biocomposites, a
high lignin content in the fibers is not a necessary condition to ob-
tain a good fiber/matrix adhesion, at least if the lignin concentra-
tion is sufficient to cover fiber surface. However, a definitive
demonstration of this hypothesis will imply the preparation fibers
in which the surface lignin content can be modulated precisely
from nothing to a complete coverage. Therefore, further studies
will be conducted in order to develop lignin extracting procedures
that will allow reaching higher extraction level without degrading
the inner structure of natural fibers. Evidencing the condition in
which lignin content affects or not the biocomposite properties
leads to a selection of appropriate fiber and fiber treatment to bio-
composite production,
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