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Wihdirdre,composiie materials ?

iaserRiaisNHIChN WG o eresseparaie materials
aVENPEEcombInea o make a single constiruci

WIS PrOpEriies

FIERS) ol sehies fiype of linear! struciures,

IGRTIVAIRN A solidi Ak, SUchias plastic.

HeNmatEixemaierial, whiles having: ifis: own stre
anelsizlchural characierisiics, serves primarily
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o) dNHENbErSI o reinfiercing stiructures!in place



Naitrall Eibres

Slpdividediyasedlonhineir origins:

> plants

: anitmals
PlaniisiFibres minerals

Leaf Fibres
- sisal

- cotton 5
- coir (coconut) (binfnilc)‘

* palm
* henquen




Bangladzsy

3 ‘ Coconut
i plant
(Coir fiber)

henequen

Brazil & Tanzania




Sucecessiul o Naturall Eibers) as

arge quantitiestavailability

NellFdefined mechanicall properties



MeehanicalEroperiiesioi INaitrall Fibres
Compared to conventional reinforced fibres

Fibre Density {gfr:mlj Elongation ("s)  Tensile strength (MPa)  Young's modulus (GPa)

Cotton 1.5-1.6 T.0-8.0 2RT-397 55126
Jute 1.3 l.53—-1.% AUI-TTA 26.5

Flax 1.5 2.7-3.2 3451035 27.6
Hemp — l.6 a0 —
Ramie — 363 400938 ol 4128
Sisal 1.5 20-2.5 511635 9.4-22.0
Cloir |1.2 300 175 4060
Viscose (cord) — 11.4 5093 11.0

soft wood kraft 1.5 — 1 000 40.0

E-glass 2.5 2.5 20003500 70.0

S-plass 2.5 2.8 4570 R60
Aramide 1.4 A000-3150 63.0-67.0
inormal )

Carbon 1.4 4000 230.0-240.0
(standard )

AK. Bledzki, J. Gassan / Prog. Polym. Sci. 24 (1900) 22]-274




Componenis oif Natural Fibres
Wikhiregard 1o e physical properties

- CELLULOSE
HEMICELLULOSE
LLGININ

- PECTIN

- WAXES




CELLYECOSE

Major componenir off plani fibers

Binearicondensaiion: pelymer

Repeating unifis: D= anhydroeglucopyranose

H OH Dcnﬂﬂﬂ 'l H OH
'L‘I-H

0. o
E;a ‘““ 4 .;.H . = " NcHon
fi’i} 0~ GH HON ﬂf@k

'E} !
‘;ﬁ CH,0H Hg OH n-z 2O poaucing
Hon end group

reducing g4 4 glycosidic bonds. (potential
end rldehyde)

Vzorzz of goli2eiZdridgg « 10100



ermechanical properiies of natiural fibres
depends on, s cellulose fype.

Eachinvperoif cellulose iastitis owni celligeometry

e geohieirical condifions: determineS e

Mechanicaliproperiies



rlEMECELEYULOSE

Compromiser a group off polysaccharides
(excluding pectin)) that remains associatied with

ihercelltleseratter lighin hias; been remoyved.

[Forms supporiting
mairix for

cellulose

cellulose microfibrils

HyaArophilic and

Cellulose
microfibril

solublerin alkaly
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Uhlikercellulose, hemicellulose diffier from plant: to plant

:-_ —:(?H CH,-OH I:I__ —:(?H COOH HE_—C—:: CH,-OH In contrast to
HO-G-H 0 HO-C-H O\ HO-GH < cellulose that IS
H-(-OH Rl H-(-OH '<: |>' crystalline, strong,

H-C-OH H-C-OH H-C-OH .
H,-oH Loon H,-OH and resistant  to

D-glucose D-glucuronic acid D-mannose hyd r'oly5|s ’
H =0 H-C=0 hemicellulose has a

HO-C-H H-C-OH
H-C-OH HO-C-H present in the random, amorphous
H-C-OH H-(-OH / largest structure with little
H,-OH
Hp-OH ‘ amount strength.

D-arabinose D-xylose



IBLGINIIN

Complex hydrocarbon polymer with
aliphatic and aromatic constituents.
Very high MW

Monomer' units: arervarious
ring-substituted \phenyiE
propanes linked Togetlier

Givzs plgidity o nz olanis




Heteropolysaceharides) essentially
polygalaciliren acid:
Soluplenntalikalr

WAXES

Dififferents tiypesl of alcohols, acids
(palmific: acid,” oleaginous; acid, stiearic
dcia)



Physical stiructure off hatural fibres

Single fiber formed oui of crystalline microfibrils based
onp celltlose, conhected by amorphous lignin, and

hemicelltlose;

Helically -
arranged SN _Spiral angle

erystalline
mi'r.trul"l:wr'ihl\“mm~ ; ; Secondary wall 51
of cellulose -u_”,—" R -
.
FAN

region mainly Y —pe— 0
consisting of lignin - o
and hemicsllulose P B S AT cysialtin cellulose

M.Z. Rong et @l | Composites Science and Techmology 68 (2000) 14371447




Floze Tezearmzar arel Weellfieetries

Performances ot cormposite materials depends! oni the
properijest off e individual. components and their
ineriacialicomparioilify.

For technical erientied applications
filbres hiave tio be specially' modified

» homogenization of fibre's properties

* increase degrees of elementarization and degumming
» control degree of polymerization and crystallization
* promote good adhesion between fibre and matrix

- control moisture

Natural Fibers , Biopolymers, and Biocomposites.
Ed. Mohanty, Misra & Drzal, 2005.



Severaloncelllilose conponenisiiave o be removed
o) asslire, the compatibility: of plant fibers to

slirronding pelymer matrix

Alkalinization

Washing or boiling fibers in a 2%
sodium, potasium hydroxide
solutions

Removal unwanted fiber components
Increase ability fiber separation




Projein EXTraciion fron coiiionseed pellets
aiPileiPlanir Scale (CNITL-Cereales)

Pelleisi Production

Oil extraction

(VICENTIN)
- Pressing (90°C)

- Hexane extraction
(60 °C)

- Solvent elimination (90°C)

- Granulation (pellets)




Pellieisi Characlerization

SProieintconient
(G/100'c D) 300

SN=aiis GContient 8.6
(G/100/g D)

Siohdl gossypol contient’ (0.3
(6746015 D)

SNASHICONTeNnT) .
(G/160)5 DM)

BReAGH Ve Lysine content 0.85
(G700 g DM (CTRAD), France)



Protein Extraction

Raw from cottonseed
Material IV

Raw .
(Pellets) Material pelleTs at Pilot Plant;

(Pellet Scale (INTI-Cereales)

Extraction A
pH=9
T =60 °C
t=30 min

Extraction B
pH=9
T =60 °C
t=30 min Centrifugation
A
(Sharples D-
Canter

5000 rpm)

Centrifugation B
(Sharples D-Canter
5000 rpm)

Solution
Solucion IV-A
IV-B
Clarification C
Westfalia
COTPROT
v

Solid
IV-B




COTPROT IV
$ Precipitation D
T=50°C,pH=4.5

Decantation
Light
Clarification D
(Clarifying centrifuge)
Humid Solid IV-D, 34kg

Serum IV-D

Neutralization E
pH=6,8
(Colloidal Mill)

Spray Drying
(Spray drying system SEI A1
/16800 rpm)

Spray Dried
Powder
(DPCOT IV)
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Spray: Dryer

with an atomizer rotor

(16800 rpm), fed with a
peristaltic pump




DPECO@ONF Characherization

S Proiein Content
(/100 g DM)

S Eaiisi Content: > 5
(g/100)g D) '

=jofal gossypol content 0.6
(g/100/g D)

sNASH conient W/
(G/100) g1 DM)

S Redctive Lysine content
(/100 gl DM) (CIRAD), France)



RawiMarerialfReactive Lysine content:

Reactive Lysine
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RM Il (Flour 2004)  RMIV (Pellets fromRM )~ RMV (Pellets 2005)




Reacilive Lysine conteni afifer protein extraction
process

Reactive Lysine
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FD904: Laboratory extraction process with TEA, freeze dried
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FilmyMechanical Properiies

Strength at Maximum Stress

46 mg/cm® 49 mg/cm”

48 mg/cm2

23 mg/cm2

Strength Max Stress (MPa)

F121/5 F1 Brasil F2Brasil F2 Brasil
Glut;Gly Glu;Gly Glyox, EG Glyo, Gly

Raw material: pellet Raw material: flour




Maximum Tensile Strength (MPa) Mechanical
Properties
VS
glutaraldhyde / RL rafiio

(MPa)
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Reiniforced FilmsiPreparation

Hibrerlincorporation

- Tnnomogznzous fiorz
diztrioution (clustzrs)

Fibre incorperaiion , ,
© Finrz dzeantartion
intio The filmogenic -
> Yepy difficult

solurion dzgasificarion

solution

Shor# fibres
2h

fabrication



500 roir)

’OOr;rr orl 11,5

DRVING
A N560 2

Eibers chemical
frealiment

hieve a good
cone on beftween
flber's
for op’rlmun
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Formie fibers basic treated




Short fibres
Non-woven
fabrication

(Paper maker
equipment, TAPI)







Impreghation of Fibres

INoR=Woven fabrication

AR beiiiers combination; off fibre and polymer
couldierachieved by fiber chiemical treatiment:

ardSferNimpregnaiion.

Filimogenicselition oiff low! Viscosify was used



PRy’ e :
DisoZesion 90 il
12090 rofy)

FibreserWoven ai

Filmogznic Solution

Flofz rlor Wov2r) T
Linorzgrcarior)



Reinforced Films Preparation

Tmoregnarzd Fiore
prepreg

Filmogznic Solution

Casrting
roorn Tzimo, 24 ns

Drying
60 °C 12 15

Reinforcezd Filim



Reinerced EilmsiMecanical Properties
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Line25/Cotton75 Line25/Cotton75 Line25/Cotton75 Cotton

Veils from CIRAD Cotton Lab



Reinforced Eormie Eilms Mechanical

Properities

18! 7 fiber content;
produce ~ 4607, increase
in MTS
& 987N 7o elongation lost

Formie Formie
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SHeriFHbrenoniwoeyven (Paper maker equipment: TAPL)



ReiniorcediSenp Films Mecanicall Properiies
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ZeyorAper content
PIEEIEER 820l hcrease
It MITES
saolyanNselongationtlosi

Yo Hiber content;
produce ~ 2407 increase
in MTS
SO0y 6 elengation lost:

% Elongation

FNR  FRH7,4 FRH22 FRH454 :
! ! Short fibre non woven (Paper

maker equipment TAPT)



Reinerced EilmsiMecanical Properties
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Line25/Cotton75 Formie

SHor: fibr'e INONT WOV (Paper maker equipment TAPL)



ComposifieMechanical Properties
Efffeci ol fibre chemical treatment;

Maximum Tensile Strength (MPa)

25%  27%

MTS (MPa)

23 %
26 %
25 %
I 29%

no reiforced F|Im Hemp w ashed Hemp alkaline Cotton/Llne 50: 50 Cotton 100 Jute washed Jute alkaline Formie alkaline
treated treated treated




c
e
wid
©
o
c
e
Ll
X

Composite Mechanicall Properties
Redlucerin Elongation at Break

no Hemp Hemp  Cotton/Line Cotton 100 Jute Jute Formie
reiforced washed alkaline 50:50 w ashed alkaline alkaline
Film treated treated treated



zctron micrograph (SEM) of reinforced film
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SEM of Film reinforced with hemp non woven
fiber mat 45.4% w/w
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Scanning electron micrograph
of Film reinforced with carded
cotton veil




SEM
film reinforced with
carded cotton veil

Prepreg: Filmogenic
solution over veil

cast

T

fabricated with spread
coating technique

MTS: 9 MPa



SEM: Film reinforced with
hemp prepreg

prepreg
Vs
increase in MTS for

mp fibre non woven
(TAPI)






SEM: film reinforced with
jute prepreg

200% 1ncrease in MTS jute
prepreg
Vs
270 % increase in MTS for

short jute fibre non woven b
(TAPI) | ~



o
Remarkable Results

Raw Materials considerations

Protein extracted from cottonseed pellets (SDP)

have good film forming properties.

The films obtained from SDP showed similar
mechanical properties to films obtained from proteins

extracted from cottonseed flour.




D
Remarkable Results

Natural Eibres
O TTIEEREN

Chemical Treatment

Natural fibres , used as reinforcement: for SDP, were
chemical treated in order to allow better non woven

mat preparation and fibre impregnation.
I
An improvement in composite films mechanical

properties was observed, ini most of the studied

fibres.




e
Remarkable Results

I Composite Films

Veils of line/cotton and cotton used as film

reinforcement showed the best mechanical properties.

A two to four-fold increased in maximum tensile
strength and an average of about seven-fold increase
in tensile modulus was observed for formie, jute, and

hemp non woven mat, and for line/cotton veils.




o
Remarkable Results

Composite Films

An increase in the tensile strength was observed as

the fibre content increase, at the studied range

SEM Microscopy showed good matrix-fibre interaction

for short fibres non woven reiforcements studied.




o
Remarkable Results
.

Composite Films

No significant difference was observed in the

mechanical properties using formaldehyde and
glutaraldehyde as crosslinking agents.

B\

For hemp fibres the tensile strength of films
crosslinked with for formaldehyde was 12 MPa, and for
the same fibre content the tensile strength value was
13 MPa for glutaraldehyde




To improve and develop

s

-Systematic studies on the chemical and enzymatic
fibers treatment and their influence in composite

‘Better formulation and process development for

performance

fibers impregnation

*Composite films fabrication, at the pilot plant spread

coating equipment was not successful yet.
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