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Figure 1. Nano gel cellulose (A) and bagasse chips(B).
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Table 1- Properties and formula of cellulose bacterial nano gel

et (C5H1005)n
formula
osle Sl (0o V) J3
State of matter Gel (1%)
&) .W
Color White
S ENTS (st ke
Method of production Chemical synthesis
b $l kB Aol ¥e bog
Nanofiber diameter Average 40 nanometers
JRSKTINRS sl Y A
Nanofiber length 800 to 200 nanometers
e 0 09%<
Degree of purity
pH 7
FURR
. 15 g/cm?
Density
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Figure 3. Cement boards made of bagasse chips
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Table 2 - Abbreviations and descriptions

s ool

Treatment number

solasl Bl

Abbreviations

Descriptions

L T R VIR P R LR

1 N 0% + C 90% + B 10%
No nano + Cement 90% + bagasse 10%

2 N 0% + C 80% + B 20% Sl s o plae a2 At 5L 0o
No nano + Cement 80% + bagasse 20%

3 N 0% + C 70% + B 30% L s ¥ plae ao 2 e 4 5L 0o
No nano + Cement 70% + bagasse 30%

4 N 1% + C 90% + B 10% w\f\;_M}J\’+Q\A¢.~M)Ji’+}3\JM)J\
Nano 1% + Cement 90% + bagasse 10%

5 N 1% + C 80% + B 20% R
Nano 1% + Cement 80% + bagasse 20%

6 N 1% + C 70% + B 30% wGuM)>v~+Q\.,,~Mﬁv.+,;uMﬁ\
Nano 1% + Cement 70% + bagasse 30%

7 N 3% + C 90% + B 10% A e
Nano 3% + Cement 90% + bagasse 10%

8 N 3% + C 80% + B 20% AL 2oy Yot ol dops A+ S as Y
Nano 3% + Cement 80% + bagasse 20%

9 N 3% + C 70% + B 30% L a5 ¥t Gl s Ve Sl ao s Y
Nano 3% + Cement 70% + bagasse 30%
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Table 2- Calculated amounts of "f" for the independent and interaction effect of variables on the mechanical
properties of the board

shad Coaglia RENCI [ PR e
o S5 4o ’ ’ b S
ttallaas KoLK (CONRCE P
The source of the changes Degree of N 5 Y > (JSL B
g freedom Modulus of rupture Modulus of elasticity Internal bonding (Mpa)
(Mpa) (Mpa) 9 tVp
: Bl s
Slarm & AL 2 1347.14%* 748.47** 427.89%*
Ratio of bagasse to cement
Hohe J5 S e 2 534.21%* 1987.37* 74.43%*
The amount of nano gel cellulose
I3 U lie % plage 4 W8l s
EEw 4 ** 6272 178.46%** 37.69*

Ratio of bagasse to cement x The
amount of nano gel cellulose

22,520 pluabl C‘“‘ 53 Jla g T o5 4 o liebl C‘“" 23 la g sk

**: Significant at 99% confidence level, *: Significant at 95% confidence level

£y » \ X
B3 10 § §
sl N N, B

> Cuaslie 535 5 Fsbe J5 50 5 lage (Bl DS o Jilie 5T - IS

Figure 4. Interaction of bagasse mix ratio, cement and cellulose nano gel on modulus of rupture



¥ A)\A& v Ak»«u‘j‘ A&\S} [ r}.\& uu..a;u aallad

— s
I§\\\\a
-,

gel on modulus of elasticity

s ;77

7

nd cellulose nano

, cement a

§m
i

“Bagasse 10% N\ Bagasse 20% ::Bagasse 30%
of bagasse mix ratio

Jsde 595 2 Fobe J5 50 5 slame (WL B o Jolize 3G -0 IS8

I =¥
ligrgmgoms
0000000 R
m m m m m m .m L Mﬁ sir (edpy)
6 IR (Bd ) = (edpy) Suipuoq [ewiajuy

(edyy) H1oyse}d Jo snnpoyy

gel on internal bonding

ement and cellulose nano

2 Aok J5 50 5 Olagm (Bl DI s Bl LT -5 IS

“Bagasse 10%  \\Bagasse 20% ::Bagasse 30%

of bagasse mix ratio, ¢

‘;L;‘J ;-\L‘u‘e S

Figure 6. Interaction



Ao b S 05 v

L bl 5o oV JSK2) el saz sanlin e 56 us o 5 ol
Ol B T ) Je I3 50 el 3L bhanss acdls 5 Jitee Jolse Sl Guloly 4520 e ¥ Jsan o

Lo Ve Pk SUas Y Gl laasy ol asly olis bass ails 5 cubhs Saussly 6o, » bl
Klazals \/YA griem® Sluce a1 anesls op iy o W8L 03wl 05/.&...5\3 Dl p xS L) sas el

AA Jg‘“) YL olew ao 04 ‘w\f\a do Ve DIl b sbass

W5 (S5 Sl s b jiie bl 5 Jis Jl ) p F ol aealone olis =Y 5oz
Table 3- Calculated amounts of "F" for the independent and interaction effect of variables on the mechanical

properties of the board
5 iz Sl (%) R
Ol i i @byl Thickness swelling (%) (e a8l 2 9)
The source of the changes Degree of cele ¥ cele ¥Y Density
freedom 2 hours 24 hours (gr/cm®)
_o\w o AL s 2 673.47** 841.35%* 217.34%*
Ratio of bagasse to cement
Fobe J5 56,1 2 758.27** 514.71** 72.41*

The amount of nano gel cellulose
Fsho b slade x plap 4y Bl s
Ratio of bagasse to cement x The amount of 4 432.78** 257.84** 41.52m
nano gel cellulose

Solame pae NS 003 A0 pliaebsl mhaes 5o ls e T 053 A Gl mhav )3 lo e T
**: Significant at 99% confidence level, *: Significant at 95% confidence level ns: Lack of meaning

10
9
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E . \ X
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Without nano | Without nano | Nano 1% Nano 3% | Nano 3%
2 hours |24 hours 2 hours 24 hours 2 hours | 24 hours

< Bagasse 109 = Bagasse20% ::Bagasse 30%

Figure 7. Interaction of bagasse mix ratio, cement and cellulose nano gel on thickness swelling after 2 h and 24 h
immersion in water
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Abstract

In this study, the effect of bacteriacellulose nano fiber gel as reinforcement on physical,
mechanical and morphological properties of composites made of bagasse and cement was studied.
Nano fiber in three levels (0, 1 and 3% by weight of cement), the mixing ratio of bagasse as
lignocellulosic material - Portland cement, in three levels (90:10, 80:20, 70:30%) were the
variable factors. The target density of 1.1 g/cm® and 5% calcium chloride were kept constant for
all treatments. The mechanical and physical properties of composites including modulus of
rupture, modulus of elasticity, internal bonding, thickness swelling after 2 h and 24 h immersion
in water and density of boards were measured according to the standard DIN-EN-634. In this
study, the morphological charecteristics of composites and the distribution of nano fibers was
investigated using SEM microscopic images) taken from the fractured cross-section of the
samples. The results showed that boards made using bactericellulose nano fiber are exhibit higher
modulus of rupture, modulus of elasticity and internal bonding. The results also showed that with
increasing nano fiber, the density, dimensional stability of the boards and heat hydration of
cement mortar increased. The results from SEM microscopic imaging showed that
bacteriacellulose nanofiber can fill the pores of the composite and create a uniform structure, thus
improved strength of the boards.

Keywords: Bagasse, density, modulus of rupture, bacteriacellulose nano fiber.
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