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Table 1. Coded and actual levels of assumed variables for experimental design.
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Table 2. Chemical composition of lignocellulosic material.
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Table 3. Maximum hydration temperature and time to reach the maximum temperature.
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Treatment cod type treatment Maximum Curingtime ~ treatment
temperature(°C) (min)
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gypsum-+water
G. A0.05 O Sy el 4 g8 46 205 b
gypsum+ citric acid 0.05
G.A0.05. B B e 4000 St ol 4 58 40 285 c
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L il slpa b /40 S i el + oS
G.A0.05 BCE 2o ol St b 41 305 d
gypsum+ citric acid 0.05+hagasse cold-water
extractives
AL il slpa b /40 S el + oS
G.A0.05 BHE ¢S ol gptaad L 38 340 e
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Figure 1. Hydration temperature and time treatments (there is no data for fiber glass).
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Figure 2. Vicat test: comparison of needle penetration into treatments.
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Figure 3. Comparison of compression strength of tested treatment.
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Table 4. Experimental design of manufacturing gypsum-bonded fiberboards with them properties.

La pize (5,1 808 Ls joize il Sl =k
coded variables actual values of variables results

No X X X X1 X5 X3 MOR IB WA, TSy,

! 2 s (%) (%) (%) (MPa) (MPa) (%) (%)
1 0 0 0 3 7.5 7.5 6.3 0.49 23 2.2
2 -1 101 0 0 0 .9 - - 0.23
3 -1 -1 1 0 0 15 5.5 0.63 215 1.9
4 1 -1 -1 6 0 0 4.8 0.77 19 0.7
5 0 0 0 3 7.5 7.5 6.4 0.44 24 1.9
6 -1 1 -1 0 15 0 5.9 0.61 32 2.7
7 0 0 0 3 7.5 7.5 6.1 0.45 22 2.2
8 0 0 0 3 7.5 7.5 6.5 0.46 20 2
9 0 0 0 3 7.5 7.5 6.3 0.48 22 2.1
10 0 0 -1 3 7.5 0 5.3 0.67 19.5 2.2
11 0 0 1 3 7.5 15 7.4 0.42 26 2.4
12 -1 1 1 0 15 15 6.7 0.41 36 3.1
13 0 1 0 3 15 7.5 8.1 0.41 34.3 2.9
14 0 -1 0 3 0 7.5 5 0.65 20 0.9
15 1 1 1 6 15 15 11 0.29 345 3.3
16 1 1 -1 6 15 0 9.3 0.37 275 2.9
17 1 -1 1 6 0 15 8.5 0.38 21 1.3
18 0 0 0 3 7.5 7.5 6 0.48 21 1.8
19 -1 0 0 0 7.5 7.5 5.6 0.52 225 2.3
20 1 0 0 6 7.5 7.5 8.7 0.37 20 1.9
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Note: X;: fiber glass, X,: kenaf fiber, X3: bagasse fiber.
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Figure 4. mutual effect of variables on the TS of panels manufactured from equation model: (a) glass
xkenaf fiber at the center level of bagasse fiber, (b) kenaf xbagasse fiber at the center level of glass
fiber, (c) glass xbagasse fiber at the center level of kenaf fiber.
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fiber, (c) glassxbagasse fiber at the center level of kenaf fiber.
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Figure 6. Mutual effect of variables on the MOR of panels manufactured from equation model: (a)
glass xkenaf fiber at the center level of bagasse fiber, (b) kenaf xbagasse fiber at the center level of
glass fiber, (c) glassxbagasse fiber at the center level of kenaf fiber.

Y)Y



1¥A0 (¥) aliogg (YY) s SR g ga (55908 9 pole (sla g3y 4 i

@Y S2) aded xS 5 adud x w8l BN S X wlBL GUI do s Ol blize ol 3G
ol 3 (IB) A=l St a5 S ( wBL OU Ol LialS Las el sl 0LiS € 50
Sdie ax .l atsly skias Jlail esbe laie 4 (IB) =l S coglie ool asl
53 edel s il 4 a5 bl g Rl 5 1B aslie AL iy sdias Jlail Sdee o3le
VoS5 L g8 b s a4 by e IB o i (OU 050 w50 YL IB e dle £ s
Vo Ll s S5 5 MAMPAL o8 - 6w e IB o 5ol il e aind SU s s
Al e ks OU o5 1 5 S GU s s V0 (WL BUl as s

Sl B e b aled 53 Sdae o3l mha JRalS e SUI o3l 1 i )l
polie oLG slse 2l oo aied GUILA) A el Gdme oo 5 GUI o (8 &S0l S0
S5l gt 53 5 01 b Sl say sl kS s MG ST 5 e
b g S5 Gl s GV oo a4 b e DUl sl s esle b s
23 Olesw 5 BUl ey o Sk $ln b G568 5 Sl St Ll 5 Sias 3l
Sl L (IB) oty (S canslie G231 Koo s Ol ol 2 osdle () 5l e
Al S glaasls S5 Lol oS I8 8 K s e 5 DUl 6 s oS s
ORI AR o A gsllae i 1y il kB e L DU S S dal oS 5 At
FRPIRCIPPESE IR NI &S~ as Pl sl 5 S Sl a4 e WL s
Sl esdle 5 edd Sd e 658 Il 4 e S o3l Loy SU Cogllas L seen
V) s daly 50 TS spp a0 3B 55 TS Jluae b WS ddasly o8 Ity St sl

Yy



Ol g L,BU o5

i 1
‘fl,) ‘q] g 0.59
a o o~ 036
'_Q’ _'{J 2 025
o ~ 086
= (=3
=5 =
2 z

(MPa) J=ls S

SUI @ sl o 31 0dd ale glawss (IB) calbis Saisly , eslitul 3,50 slajiae I -V K3

Xadtod SN (C caderd S (555 0 o 3 PBL xas SUI (b WBL SUI ¢3S e 53 S X aded
S BN (38 o el 53 WL

Figure 7. Mutual effect of variables on the IB of panels manufactured from equation model: (a) glass
xkenaf fiber at the center level of bagasse fiber, (b) kenafxbagasse fiber at the center level of glass
fiber, (c) glassxbagasse fiber at the center level of kenaf fiber.
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Abstract

Background and aims: With respect to the special advantages of lignocellulosic
materials, substitution of mineral reinforcement agents (fiber glass, asbestos and
etc.) by organic-based fibers such as sisal, cellulosic fibers can be performed.
However, using these natural fibers has some defects which could decrease curing
and hardening speed of gypsum due to dissolution water-soluble extractives of
fiber, while wood material's shortages in country, cheapness and abundance of
lignocellulosic resources during the seasons of the year are some reasons of using
agricultural waste. Hence, in this research the possibility of gypsum-bonded
fiberboard production from bagasse, kenaf and synthetic fiber (fiber glass) was
investigated.

Materials and methods: Any of bagasse fiber and kenaf fiber at three levels of 0,
7.5 and 15% (based on the dry weight of panels) and fiber glass at three levels of 0,
3 and 6% as effective variables on the physical and mechanical properties of
gypsum-bonded fiberboard manufactured with gypsum to inorganic or organic
fibers ratio of 1:2.75 and nominal density of 1.10g/cm?® were evaluated. Production
methods of panels was semi-dry process. At first, water containing citric acid
(99.50% water+0.5% acid) was sprayed on the dry fibers. After agitating fibers in
the laboratory blender for 5min, gypsum was added to fibers and mixed together in
the blender with high circuit speed again. Then, admixture poured into the wood
mould with a dimension of 30x30 cm and pressed under cold press with pressure

*Corresponding author: mortezal7172000@yahoo.com
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of 3MPa for 48 hours. After discharging, panels were treated at the fresh air
condition for 5 days in order to climatization. Then, panels set in oven dryer with
temperature of 50°C for 5 hours in order to complete hardening and reach to
maximum strength. Drying the panels continued to 5-7% humidity. After ending
manufacture process, physical and mechanical properties of panels tested and result
was analyzed by response surface methodology based on second order polynomial
regression model. Finding: results showed that there is a good conformity between
predicted and estimated values, so with increasing bagasse and kenaf fibers MOR
and 1B increased.

Results: Results of determination of hydration temperature and time of gypsum
paste test showed that with increasing extractives of lignocellulosic materials
temperature and hardening time of complex decreased and increased, respectively.

Keywords: Gypsum-bonded fiberboard, Hydration, Physical and mechanical
properties, Bagasse, Kenaf, Fiber glass
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