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ABSTRACT: This study investigated the effect of some treatments on the
compatibility of three lignocellulosic materials with cement. The lignocellulosic
materials used were sunt (Acacia nilotica) sawdust, bagasse and cotton stalks
collected from Es-Suki Sawmill, EL Gunied Sugar Factory and the fields of EL
Kamlin governarate, respectively. The treatments were control, addition of 3%
CaCl,, hot water extraction, hot water extraction 3%CaCl,, 1%NaOH extraction, and
1%NaOH extraction+3%CaCl,. Two Dewar flasks and a digital thermocouple were
used. Hydration characteristics (maximum hydration temperature, time to reach
maximum temperature and rise in temperature above ambient) of the lignocellulosic
materials with cement were determined for each lignocellulosic material. The most
suitable treatment common to all materials was the 1%NaOH extraction +3%CaCl,.
The average maximum hydration temperatures attained by this treatment were 63.87
°C for bagasse, 67.87 °C for cotton stalks and 67.9 °C for sunt sawdust. Bagasse was
the least responsive material to the treatments used followed by cotton stalks and then
sunt sawdust. Extraction with sodium hydroxide (1% solution) was found to be the
most effective treatment for the three lignocellulosic materials under investigation.
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INTRODUCTION

Cement bonded boards have gained materials with cement®®. The comp-
increasing interest in building indu- atibility of wood with cement can be
stry!!l. Extensive studies on expansion enhanced by the extraction of the
of raw material base have demonst- inhibitory substances found in wood or
rated the possibility of using lignocel- by the addition of chemical additives
lulosic materials such as wood, some U012 Hot water and weak alkali
agricultural  residues and industrial extractions are among the common
residues with cement'"™. The ability of treatments used to extract the inhibitory
wood to combine with Portland cement is substances found in wood.  Calcium
termed compatibility. Previous studies chloride is one of the widely used
indicated that some wood materials are not accelerators of cement setting. They
compatible with cement due to' adverse are relatively cheap and easy to use.
effects of ce?rtain(4v6\;00d extractives on The objective of this study was to
cement setting . Hydration charact- investigate the effect of some selected

eristics of wood-cement mixtures have
been commonly used to assess the
compatibility of potential lignocellulosic

treatments on compatibility of sunt
wood, bagasse and cotton stalks with
ordinary Portland cement.
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MATERIALS and METHODS
Preparation of the lignocellulosic
raw materials

Three lignocellulosic materials were
used in this study; bagasse, cotton
stalks and sunt (Acacia nilotica)
sawdust. Bagasse was processed by a
hammer-mill, cotton stalks were
processed first in a chipper then
hammer-milled. Each of the three
lignocellulosic materials was screened
using laboratory sieves to remove the
oversize, fines and other impurities.
The smaller particles which passed a
sieve hole-size of 0.8 mm (20 mesh)
and retained on a sieve hole-size of 0.4
mm (40 mesh) were used for hydration
studies.

Treatments

The elimination of cement hardening
inhibition has been tried either by
partial removal of soluble extractives
(extraction with hot water for 6 hours
or soaking in 1% NaOH solution for 24
hours) or prevention of their action by
the addition of CaCl, as an
accelerator.

The following treatments were used:
Treatment 1 (TRT 1) = control
(untreated material)

Treatment 2 (TRT 2) = addition of 3%
CaCl, (based on cement weight)
Treatment 3 (TRT 3) = Hot water
(HW) extraction

Treatment 4 (TRT 4) = HW + 3%
CaC12

Treatment 5 (TRT 5) = extraction with
1% NaOH

Treatment 6 (TRT 6) = extraction with
1% NaOH + addition of 3% CaCl,
Procedure of Hydration Test
Preliminary hydration characterization
was carried out for each of the three
lignocellulosic materials to test its
compatibility with ordinary Portland
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cement. An amount of 200 grams of
ordinary Portland cement (produced by
Al Amria Company, Egypt) and 15
grams of oven dry lignocellulosic
material from each species were dry
mixed in a small plastic bag with or
without the addition of calcium
chloride for the treated and untreated
materials. The mixture was then
kneaded with 90.5 ml of water for
approximately 2 minutes. The plastic
bag was wrapped with aluminum foil
and then put in a Dewar flask. One of
the probes of a type K Thermocouple
(Digi-Sense Digital Thermometer) was
placed inside the kneaded mixture of
cement and wood and the other
connected to the thermocouple. The
plastic bag was then covered with fiber
glass and the cap of the Dewar flask
closed tightly. The exthothermic temp-
erature was then recorded at suitable
intervals. Finally the maximum tempe-
rature (Tp,x) of the hydration reaction
and the time to reach that maximum
(tmax) Were recorded.

Statistical Analysis

Analysis of variance (ANOVA) and
Duncan’s Multiple Range Test were
conducted to study the significance of
the difference between treatments
using Statistical Analysis System. !
Results and Discussion

Maximum hydration temperature
The three materials used in this study
when mixed with cement, without any
treatment, appreciably decreased the
temperature rise when compared to
neat cement (Figure.1). In accordance
to the classification of Sandermann,
and Kohler (6), the material is suitable
for cement mixing if the (T is
greater than 60°C. and hence they are
all considered incompatible.
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Figure 1. Exothermic curves of the untreated lignocellulosic materials—cement
mixtures as compared to neat cement.

Figures 2 - 4 show the effects of characteristics of sunt, cotton stalks
different treatments on hydration and bagasse, respectively.
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Figure 2. Exothermic curves of Sunt wood—cement mixtures under different
treatments. TRT-1 = Untreated wood, TRT-2=TRT-1+3%CaCl,. TRT-3 = Hot
water, TRT-4=TRT -3+3%CaCl,, TRT -5=1%NaOH and TRT-6=TRT -54+3%CaCl,.
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Figure 3. Exothermic curves of cotton stalks-cement mixture under different
treatments. TRT-1=Untreated wood. TRT-2 =TRT-1+3%CaCl,, TRT-3=Hot
water, TRT-4=T RT-3+3% CaCl,, TRT-5=1%NaOH and TRT-6=TRT-5+3%CaCl,.
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Figure 4. Exothermic curves of bagasse-cement mixtures under different
treatments. TRT-1=Untreated wood. TRT-2 =TRT-1+3%CaCl,. TRT-3=Hot
water, TRT-4=T RT-3+3% CaCl,. TRT-5=1%NaOH and TRT-6=TRT-5+3%CaCl,.

Treating the three lignocellulosic mate-
rials with hot water slightly increased
the maximum hydration temperature
for both sunt and cotton stalk-cement
mixtures 48.5 and 47.3 %, respect-
tively. The three lignocellulosic mater-
ials can still be considered inco-
mpatible since the maximum hydration

temperature is below (60 °C).

Addition of 3% calcium chloride as accel
-erator for the three materials when
treated with hot water increased
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the hydration temperature from 48.5 to
70 °C or by 44.5 % for sunt saw dust,
from 47.3 to 67.3 °C or by 42.35 % for
cotton stalks particles and from 34.8 to
52.3 °C or by 50.3% for bagasse
particles. Sunt wood and cotton stalk
particles can then be classified as
compatible after extraction with hot
water and addition of calcium chloride.
Bagasse is still unsuitable for cement
mixtures.



When the three lignocellulosic
materials were treated with 1% NaOH
without additive, similar results to
those obtained with hot water
treatment without additive were also
observed.

When 3 % calcium chloride was
added to the weak alkali treated
materials, the maximum hydration
temperature of the three lignocellulosic
materials under investigation exceeded

60 °C and hence rendered suitable for
cement mixing. The rise in maximum
hydration temperature due to the
addition of calcium chloride to the 1%
NaOH treated materials increased from

55.3 to 67.9 °C or by 22.71 % for sunt

wood, from 50.9 to 67.9 °C or by
33.4% for cotton stalks and from 34.8

to 63.7 °C or by 83.53% for bagasse
particles. The temperature rose for a
short time at the beginning of the
reaction and then dropped a bit rose

again and reached a maximum. The
temperature rise depicts the general
pattern of hydration reactions of neat
cement and wood cement- water
mixtures. The chemical additive did
not appear to have neutralized the
detrimental effect of high inhibitory
species on exothermic reactions of
cement. This statement is in agreement
with Moslemi and co- workers'® but in
contradiction with earlier conclu-sions
made by Biblis and Lo"”. An other
possible explanation is that the additive
is believed to speed up the rate of
hydration of plain cement without
reacting with the wood substance .
The analysis of variance for the differ-
ent treatments with regard to the
maximum  hydration  temperature
(Tmax)  variable  showed  highly
significant differences (p = 0.0001).
For the mean separation test and
Duncan’s grouping. (Figure 5).

Maximum hydration temperature

Temperature( °C)

bbb e s O

Cot.Stalk

B TRT1 0 TRT2 8 TRT3 @ TRT4 @ TRT5 O TRT6

Figure 5. Maximum hydration temperature attained by different treatments of the
three lignocellulosic materials. *Bars with similar letters in each species are not
significantly different according to Duncan’s test.

Time to reach maximum hydration
temperature:

The results presented in Figure 6 show the
time to reach maximum hydration
temperature. The assessment of these
results indicated that the addition of 3 %
CaCl, reduced the reaction of hyd-
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ration time of the untreated sunt
sawdust from 20 hours to 4.1 hours.
Similar reduction in hydration time to
reach maximum temperature was also
recorded for the two other treatments.

The time to reach maximum tempe-
rature for hot water treated sunt



sawdust was reduced from 11.58 hours
to 3.84 hours when the 3 % CaCl, was
added. For the weak alkali (1% NaOH)
treated sunt sawdust a reduction in
time to reach maximum temperature
from 10.0 hours to 4.4 hours was
recorded when the 3 % CaCl, was
added.

The analysis of variance for the
dependent variable (tp,x) for sunt
sawdust is highly significant for all the
treatments used (P = 0.0001). The
analysis of variance and the Duncan’s
grouping are shown in Figure 6.
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Figure 6. Mean values of time to reach maximum hydration temperature (t,,,,) as an
effect of treatments on the three lignocellulosic materials. * Bars with similar letters
for each species are not significantly different according to Duncan’s test. TRT-1 =
Untreated wood, TRT-2 = TRT-1+ 3 % CaCl,. TRT-3 = Hot water, TRT-4 = TRT-3 + 3 %
CaCl,, TRT-5 =1 % NaOH and TRT-6 = TRT-5 + 3 % CacCl,.

The effect of CaCl, as an accelerator
on the time to reach maximum
temperature for both cotton stalks and
bagasse was also significant for the
different treatments (P = 0.0001) .

Rise in temperature above the
ambient (AT)

The effect of different treatments on
the rise in temperature above the
ambient followed a similar pattern as
the maximum hydration temperature.
The lowest values were observed with
the untreated materials and with the
other two treatments when the 3 %
CaCl, was not added. The highest
values in general were associated with
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hot water and 1 % NaOH when the
calcium chloride is wused as an
accelerator. A remarkable rise in
temperature above ambient is recorded
with the untreated sunt sawdust when
the additive is used. The analysis of
variance for the rise of temperature
above ambient (AT) for the three
lignocellulosic ~ materials  showed
highly significant differences among
the treatments used (p = 0.0001). It
was clear from Figure 7 that the
addition of CaCl, appreciably affected
the temperature rise above the ambient
for all the lignocellulosic materials.
For the Duncan’s grouping (Figure 7).
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Figure 7. Mean values of rise in temperature above the ambient (AT) as an effect of
treatments for the three lignocellulosic materials used.

* Bars with the same letters in each species are not significantly different according to
Duncan’s test. TRT1 = Untreated wood. TRT2 = TRT1+ 3 % CaCl,. TRT3 = Hot water. TRT-4 =
TRT-3 + 3 % CaCl,.TRT-5 = 1 % NaOH. TRT-6 = TRT-5 + 3 % CaCl,.

CONCLUSION

Within the limitation of the study, the
following conclusions were drawn:

- The three lignocellulosic materials;
bagasse, cotton stalks and sunt sawdust
are incompatible with ordinary Portland
cement

- The best treatment which proved
effective for enhancing the compatibility
of the three lignocellulosic materials was
the extraction with 1% NaOH and
addition of 3 % CaCl, as accelerator.
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