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Keywords Abstract

Composite The aim of this stu(_iy was manufac_turing and_ evaluation of the mechanical anq physical (water absorption) of a green
Geopolymér geopolymer composite reinforced with kenaf fibers and carbon nanotubes. For this purpose, the effect of amount of kenaf
Carbon nan(;tube, fibers, carbon nanotubes and water each in 5 levels (% wt) compared to metakaolin-based geopolymer and steel slag on the
Kenaf fiber, mechanical and physical properties of the composite were evaluated. Response surface method and central composite design
Fracture toughness were used as statistical method to select the mixtures. Bending tests (bending strength, modulus of elasticity and fracture

toughness), compression and water absorption were conducted on the samples. Also, ultrastructure of geopolymer and
dispersion quality of carbon nanotubes and kenaf fibers in the composite matrix, was evaluated by FESEM images. The
results showed that by increasing the amount of kenaf fibers up to 7.5%, the bending strength, compressive strength, fracture
toughness and water absorption increased, whilst at higher amounts of the fibers, the values of mechanical strength decreased.
Also, the use of carbon nanotube as a reinforcement up to 0.6%, had a positive effe on increasing the mechanical strengths
of the composite. The results of FESEM showed that with increasing the amount of percentage of kenaf fibers, the diameters
of pores in matarix highly increased. Generally, in this research accoriding to the statistical results, the sample with the
combination of 7.5% kenaf fiber, 0.6% carbon nanotube and 29% water is introduced as the optimal combination
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Table 3 Research variables in the central composite design (Green
geopolymer composites)
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3 RSM: Response surface method
4 CCD: Central composite design
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Table 1 Weight percent of the chemical characteristics of the raw
materials (Ref: manufacturerer company)
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0.42 0.97 Na:0
53.1 2.56 Fe:0s
0.36 TiO
32.39 0.66 Ca0
0.47 4.68 KO>
2.28 1.36 O3
015 P20s
32.09 64.51 Si0
14.15 22.87 AL:0s
8.75 0.67 MgO
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Table 2 Weight percent of kenaf fibers, carbon nanotubes and water in
different blocks
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32 5 0.9 1

29 125 0.6 2

32 5 0.3 3

1 GGBFS: Ground-granulated blast-furnace slag
2 XRF: X-ray fluorescence
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Fig. 1 (a) Samples prepared for flexural test and (b) samples in
flexural testing
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Table 5 The results of the response surface statistical design of the water
response absorption
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19.63 18.99 4
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19.2 18.6 7
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17.98 15.89 9
15.36 13.04 10
13.08 12.06 11
18.96 18.14 12
20.08 19.57 13
18.33 17.91 14
19.6 19.37 15
18.85 17.12 16
20.1 20 17
18.05 18 18

18 17.8 19
17.95 16.25 20
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Table 4 The results of the response surface statistical design of the
mechanical properties

(l\: ga) (MPK;mZ) (“ICACF)’E) (MPa) MOR  Sol;
33 9.85 4120 16.25 1
2.32 13 033 5.53 2
3.75 9.06 3272 13.46 3
19 6.18 2836 9.96 4
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Table 6 Analysis of variance of the effect of variable factors on the bending strength

glas P Flase Sl o (52l Slay yo Egazme 6;1)'1 a0 Ol yats e
st < 0.0001 74.08 3251 292.63 9 Jaw
s < 0.0001 269.29 118.19 118.19 1 @S Ul -B
s 0.0001 20.1 8.82 8.82 1 ol-C
- < 0.0001 36.92 16.20 16.20 1 AB
# 0.0138 6.67 2.93 2.93 1 BC
i < 0.0001 177.32 77.83 77.83 1 A?
s < 0.0001 269.99 130.35 130.35 1 B?
s < 0.0001 65.33 28.68 28.68 1 c?

0.44 16.68 38 o35Leu8l
ns 0.2084 1.53 0.63 313 5 il ind
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Table 7 Analysis of variance of the effect of variable factors on the modulus of elasticity

glas P Flase Sl ye (Sl L_golﬂ a0 Slay o Egazme Ol yats e

o <0.0001 56.59 3.189E+006 9 2.870E+007 Joe

w <0.0001 23.79 1.341E+006 1 1.341E+006 oS gdgili -A

o <0.0001 229.25 1.292E+007 1 1.292E+007 s sl -B

o 0.0003 16.25 9.154E+005 1 9.154E+005 ol-C

w <0.0001 20.24 1.141E+006 1 1.141E+006 AB

* 0.0282 5.21 2.935E+005 1 2.935E+005 BC

P <0.0001 86.72 4.887E+006 1 4.887E+006 A?

o <0.0001 206.45 1.163E+007 1 1.163E+007 B2

o <0.0001 80.33 4.526E+006 1 4.526E+006 c?
56347.81 38 2.141E+006 oailonly

ns 0.0685 2.29 1.102E+005 5 5.511E+005 Ol cind
48184.30 33 1.590E+006 Al sl

237.38 1 Lo Cil,5xil ¢ 0.93:(R?) s oy 15

10

Bending strength (MPa)

Y-
Water (%) % ° Kenaf fiber (%)

Cc-z)

S sre pas NS o 135 mhaws 10 o cixe # oy 1 v o o e

? =
ﬂé E < R
J e S SR SRS
. = SR %
5 i) RS
g )
& &
% @
g’ of
] ]
s )
3 g
-]
- 06
7 (5
. 27 T S 04 6 04
Water (%) Carbon nanotube (%) Kenaf fiber (%) ° °3 Carbon nanotube (%)
(b-o) @-n)

Fig. 3 The intreaction of variable factors on the bending strength of geopolymer, (a) kenaf fibers x carbon nanotubes, (b) water x carbon nanotubes and
(c) carbon nanotubes x water
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Fig. 4 The interaction of variable factors on the modulus of elasticity of geopolymer, (a) kenaf fibers x carbon nanotube, (b) water x carbon nanotube

and (c) carbon nanotube x percentage of water
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Table 8 Variance analysis of the effect of variable factors on the compressive strength

glas P Flade Sl o 2l Slaypo Egozme ‘_golﬂ a0 Ol yats e
A 0.0001 > 73.46 33.27 299.40 9 Joe
o 0.0001 > 12752 57.75 57.75 1 oS Al -A
o 0.0001 > 308.79 139.84 139.84 1 s BLI-B
o 0.0001 > 24.48 11.09 11.09 1 ol-C
o 0.0001 > 76.26 3454 34.54 1 AB
o 0.0001 > 86.54 39.19 39.19 1 AC
% 0.0001 > 17.50 7.92 7.92 1 BC

0.45 17.21 38 oilandly
ns 0.0885 211 0.83 4.17 5 bl s
0.40 13.04 33 oAl glas
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Fig. 5 The interaction effect of variable factors on the compressive strength of geopolymer, (a) kenaf fibers x carbon nanotube, (b) water x carbon
nanotube and (c) carbon nanotube x water
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Table 9 Analysis of variance on the variable factors on the fracture toughness

glas P Flase Sl e (puilo Sl ye Egamme L;oljl a0 Ol yats e
o 0.0001 > 98.28 2.46 22.14 9 Jowe
R 0.0002 > 17.38 0.44 0.44 1 oS gyl -A
o 0.0001 > 376.52 9.43 9.43 1 s sll-B
e 0.0001 > 44.23 111 111 1 ol-Cc
- 0.0001 > 102.05 255 2.55 1 AB
- 0.0004 > 15.08 0.38 0.38 1 AC
* <0.0208 5.82 0.15 0.15 1 BC
- 0.0001 > 212,52 5.32 5.32 1 A2
e 0.0030 10.08 0.25 0.25 1 B2
s 0.0001 > 184.77 4.63 4.63 1 c?

0.025 0.95 38 oailedly
ns 0.6785 0.63 0.017 0.083 5 Ol i
0.026 0.87 33 A slas

5,66 Lne iloul ¢ 0.958 i oy
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Fig. 6 The interaction of variable factors on the fracture toughness of geopolymer, (A) kenaf fibers x carbon nanotube, (B) x water x carbon nanotube
and (C) carbon nanotube x water
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Table 10 Variance analysis of the effect of variable factors on water absorption of 24 and 48 hour

Dol (g ls sixe p Flode Sl o uSikeo Sl yo £ gaze soliTaz s e e
48 24 48 24 48 2 48 24 48 24 48 24 =
i i < 0.0001 <0.0001 164.39 103.07 24.1 33.76 216.9 303.86 9 Joe
e e < 0.0001 <0.0001 629.76 470.74 92.32 154.19 92.32 154.19 1 ws 3UI-B
i i < 0.0001 <0.0001 421.63 237.83 61.81 77.9 61.81 77.90 1 ol-C
o i <0.0001 <0.0284 117.24 5.19 17.19 17 17.19 1.70 1 AB
- s 0.0001 0.0001 1853 18.53 6.07 6.07 6.07 6.07 1 AC
i i < 0.0001 < 0.0001 105.54 63.66 15.47 20.85 15.47 20.85 1 BC
w o < 0.0001 < 0.0001 63.03 43.06 9.24 14.11 9.24 14.11 1 A
e # 0.0049 0.0141 7.49 6.62 110 2.17 1.10 2.17 1 B?
w o < 0.0001 0.0003 30.46 15.8 4.47 5.17 4.47 5.17 1 c?

0.15 0.33 5.57 12.45 38 oailesdl
ns ns 0.0772 0.0822 2.21 2.16 0.28 0.61 1.40 3.07 5 Ol chr
0.13 0.28 4.18 9.37 33 A slas
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Fig. 7 The interaction of variable factors on water absorption of geopolymer after 24 hour immersion, (a) kenaf fibers x carbon nanotube, (b) water x

carbon nanotube and (c) carbon nanotube x water
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Fig. 8 The interaction of variable factors on water absorption of geopolymer after 48 hour immersion, (a) kenaf fibers x carbon nanotube, (b) water x

carbon nanotube and (c) carbon nanotube x water
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Table 10 Pore diameter average of different geopolymer samples
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Fig. 9 FESEM images of (a) primary geopolymer sample, and geopolymer made with (b) carbon nanotube 0% + kenaf fibre 7.5% + water 29%,
(c) carbon nanotube 0.6% + kenaf fibre 7.5% + water 29%, (d) carbon nanotube 1.2% + kenaf fibre 7.5% + water 29%, (e) carbon nanotube 0.6%

/+ kenaf fibre 12.5% + water 29
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