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Motivation: myth of bamboo textiles
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Present non eco-
friendly harmful
production
method. i.e. UV
\wscose method | orotection?

" Can the unique
properties of
bamboo be
retained into
fibres??
\

Antimicrobial?

My Research Question:
“To develop an eco-friendly manufacturing method to
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Morphology of raw bamboo (under SEM)

Longitudinal
section




Under confocal microscope




Chemical constituents analysis

Others
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Functional chemical bonds in raw bamboo
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FT-IR spectroscopy of raw bamboo Lignin region: 10

1500-1750 cm"
(Yueping et al. 2010)
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Crystalline structure of raw bamboo
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According to Segal Method:
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XRD of raw bamboo

Calculated degree of crystallinity: 81-83%
(Segal Method)
Calculated crystal size: 31-40 A
(Scherrer Equation)
Fitted by HighScore plus software

Where, |y, is the peak intensity from the (002) lattice plane (20=22.6°)
and |, the peak intensity of amorphous phase (26=19¢).
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Extractions

Origin of the UV shielding
Characteristic of Raw Bamboo

*Polar

Protic: Ethanol and water:;
Aprotic: Acetone and
Dimethyl Sulfoxide (DMSO)

*Non-polar (Hexane and
Toluene)

* Mixture of non polar and
polar (dioxane: water=9:1)/
MWL extraction (Bjorkman,
1950)
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Presentation Notes
Uv protection is not very important in this part of the world. I remember I have never bought sunscreen while living in Manchester for my masters but it is vital for country like australia whre more that1200 people die from skin cancer everyy year and around 1200 new cases are diagnosed.

Solvents with a dielectric constant of less than 15 are generally considered to be nonpolar. Protic solvents solvate anions (negatively charged solutes) strongly via hydrogen bonding. Water is a protic solvent. Aprotic solvents such as acetone or dichloromethane tend to have large dipole moments (separation of partial positive and partial negative charges within the same molecule) and solvate positively charged species via their negative dipole.[6] In chemical reactions the use of polar protic solvents favors the SN1 reaction mechanism, while polar aprotic solvents favor the SN2 reaction mechanism. As a rule of thumb, polar solvents dissolve polar compounds best and non-polar solvents dissolve non-polar compounds best: "like dissolves like". Strongly polar compounds like sugars (e.g., sucrose) or ionic compounds, like inorganic salts (e.g., table salt) dissolve only in very polar solvents like water, while strongly non-polar compounds like oils or waxes dissolve only in very non-polar organic solvents like hexane. 


Bamboo extractions

Filtration
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Centrifuged
filtrate |

Material : Liquor
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solution
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Time;
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Powder has been prepared to provide highest possible surface area.


UV absorbance of raw bamboo extracts

—\Nater extracts
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* More than one UV
responsible component
(Afrin et al., 2011).

UVA: 315-400 nm
UVB: 280-315 nm
UVC: 100-280 nm

——Extracted lignin
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Relation between UV absorbance and
chemical bonds of lignin

UV-Vis spectroscopy

Raw bamboo

0.8
S
S 0.6 _ _ FT-IR spectroscopy
Q Commercialbamboo fibre
@)
Bo04 l
< 100% Cellulos

100% Cellulose

/

ot
N

Commercial
ambgo fibre

goﬁon

200 250 300 350 400
Wave length (nm)

Attenuated Total Reflectance

Raw bamboag

"« Chemical components  of
lignin is contributing in UV 1600 200 1200
‘blocking (Afrin et al., 2011). Wave numbers (cm)
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Origin of the Antimicrobial Property of
Raw Bamboo

__7 e
L v

Challenge Bacteria: Gram negative bacteria, Escherichia
coli (E. coli): ATCC 25922 and gram positive bacteria
Staphylococcus aureus (S. aureus): ATCC 25923

Test standard: AATCC 100-2004
(clause 10.2) with slight modification.

Samples:

Bamboo Powder

Bamboo extracts in water.

*Bamboo extracts in 90% aqueous dioxane (MWL).

(after extraction dioxane is evaporated)
*Bamboo extracts in DMSO
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E coli because it grows abundantly


« Antimicrobial component(s) is water

insoluble and stemming out from the |

chemical components of lignin t
(Afrin et al. 2011)
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Fragments of lignin comes out while extracting hemicellulose and dmso 


I@evelopment strategy: manufacturing process

“Ultrasonic
treatment

\

\ Without

Shaker milling \ loosing the
| unique
___— properties 7

i

' New economic
\ & eco-friendly
t approach
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As it has shown highly crystalline structure and high amount of lignin, and also from the literature described the high strength and alteration in the orientation of cellulose microfibrils  mechanical property it could be easily anticipated that it would be difficult to process bamboo plants into fibre


Ultrasonic treatment to process bamboo

Bamboo  \ pummmmmmm) / Crushedinto

Culms . powder~500pm |
N S \ /
S N

]

: - M:L=1:30
—> w/ Recipe:
Solvents
Ultrasonic 10%
treatment for 1 — With Enzymes —
hour at 60° C, \_,/
40kHz,300W Washing using
— With H,0, Centrifuge
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SEM |mages after uItrasomc treatment

Roughly Mllled
bamboo




Processing of bamboo: shaker milling

) Crushed into

| Bamboo

' ., powder,
Culms -

500pm

- \ Recipe:

Solvents= 10%

' .- M:L=1:40
\Enzymes/ B:M= 1:80

Sample: 0.5gm

S oA
Shaker milling for 6 Q”/- ‘Washing using
hours Centrifuge




Bamboo fibres can be processed without any chemical aid.



Processing of bamboo

Bamboo

Eco-friendly
By-Product

Afrin et al., 2011, Australian provisional patent: 2011902451
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In the other two methods the bamboo plant sample was ground into rough powder but that means we were getting the length of the fibre shorter than its actual length. Therefore, here


Morphology processed fibre
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Comparison: UV absorbance
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UV blocking ability is preserved after processing.
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Antimicrobial property of processed flbre

The processed fibres have shown outstanding antibacterial
property against fatal and pathogenic bacteria
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Summary

Bamboo species used for this study is cellulose-|
crystalline, micro porous lignocellulosic natural
nano composite with 28% lignin.

In this bamboo species, more than one
chemical components are responsible for UV
shielding.

Eco-friendly and economic manufacturing
processes have been developed preserving the
unigque properties.

Bamboo plant and processed fibres have
shown distinctive antimicrobial activity but the
antimicrobial component(s) is water insoluble.

Bamboo plant and processed fibres are much
superior to cotton, cellulose and commercial
bamboo fibres in UV protection.



Heading towards...

-
Bamboo fashion ... .. ... .

&

o
e

g

g

ma

B2l

o e elnime have heem proven srientifs Rt e of the fietee

DEAKINRESEARCH NOVEMBER 2010 =~ (©)DEAKIN

wf the fhastest
el

ErowiTE piants in the w

and grows to  its i

I it in about three months,™
1

W up to one metre
overt
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Ms Afein is alveady receiving
interest from  textile  firms
around the world.
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