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Abstract

The amount of the wood chip ash is expected to increase continuously as demand of wood chip-based heat and electricity
increase. Thus, there is increased interest in wood chip ash utilization. In this study, as a program of utilization in wood chip
ash, the physical and chemical properties of wood chip ashes generated from a combined heat and power plant were investigated.
The chemical analysis showed that the main contents of wood chip ash are composed of silica, alumina and alkali. A possibility
of reuse as secondary cementitious materials was investigated by the analysis of strength activity index, and compared with coal
ash. The highest value for Strength activity index of wood chip fly ash was 78% at 90 days curing time. This result revealed
that wood chip fly ash has the potential to be utilized as the admixture for cementitious material.
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1. Introduction

The demand for bio-based heat and electricity has
been rapidly increased because of targets for generating
energy from renewables and decreasing the emission of
fossil CO,". Because of increase of biomass conversion,
there has been increase of biomass ash production. The
quantity of the wood chip ash which was generated in
2013 year in Korea is as approximately 200 thousand
ton and most of it is being disposed or utilized as a
cements raw material. However, from an economic
viewpoint, a lot of transformation costs are required,
since most cement plants are far from wood chip ash
production place. Also, wood chip ash contains high
alkali content which affects cements quality degradation?.

Several studies to use in agriculture and construction
have been conducted as way of utilizing the wood chip
ash. According to James et al.", wood chip fly ash can
be used as a cement replacement in concrete, for soil
stabilization, as a road base, structural filler in asphalt
base products, lightweight bricks and synthetic aggregate.
While much research has been conducted on fly ash
utilization, a lot still remains to know about the effective
utilization of bottom ash. This study investigated physical
and chemical properties of wood chip ash in order to
find out the way of efficient reuse. A possibility of
reuse as secondary cementitious materials was investi-
gated by the analysis of strength activity index and
compared with coal ash.

2. Experimental Procedure

The wood chip fly ash and bottom ash produced at
Daegu wood chip combined heat and power (CHP) plant
has been used as a sample for this experiment and it
has been compared to coal ash used as cement additive
and concrete aggregate. Chemical analysis was measured
by the chemical element analyzer. The shapes and sizes
of the wood chip fly ash were observed using Scanning
Electron Microscopy (JSM-6700F, JEOL). Particle size
distribution of wood chip fly ash was measured with
Malvern particle size analyzer (Mastersizer S Ver. 2.15).
Also, sieve analyses of the wood chip bottom ash were
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carried out using a standard method which is KS F
2526 : 2007 (Concrete aggregate) to know if it can be
used as fine aggregate which is applicable in any concrete
applications. A strength activity index test was performed
in accordance with the Korea industrial standard KS L
5405 specification to investigate the possibility of reuse
as an admixture for secondary cementitious material.
Two-inch cubes were created using a water-to-cement
ratio of 0.484. Replacement levels of 30 percent were
measured using as received wood chip fly ash, coal fly
ash and coal bottom ash. The compressive strength of
the cubes was determined using a Test Mark Compression
Testing Machine.

3. Results and Discussion

Table 1 lists chemical analysis data for composition
of wood chip ash and coal ash. As seen in the table,
wood chip ash is mainly composed of SiO,, whereas
coal ash has a considerable amount of Al,O; and Fe,O3
beside of SiO,. Also, wood chip ash has a lot of alkali
contents compare with coal ash. According to Naik et
al¥, the average value of available alkali (alkali metal/
earth metal ion) in wood fly ash was 3.3%, which is
significantly above maximum allowable alkali (1.5%) for
coal fly ash in accordance with ASTM C 618. The
presence of a high amount of alkali may lead to a
favorable acceleration of early-age hydration reaction in
pozzolanic materials used in making cement-based con-
struction materials. However, available alkali may also
impact cement-based construction materials negatively
due to the possible alkali-silica reaction (ASR) in pre-
sence of reactive aggregates and/or high-alkali Portland
cement. It is known that the average loss on ignition
(LOI) value of wood ash ranged from 6.7% to 58.1%.%
This result shows much higher than our results. Generally
LOI values are closely related to combustion condition
in boiler.

The SEM micrographs are shown in Fig. 1, and they
confirm that the most particle size of wood chip fly
ash ranges from 10 to 110 um, which is much coarser
than that of coal fly ash. Coal fly ash particles are
generally spherical shape. However, some portions of
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Table 1. The chemical analysis data of wood chip ash and coal ash (wt%)

Si0, | ALO; | Fe,05 | Ca0 | MO | Na0 | K0 | sO; | P05 | LOI (p(;rln |
Wood chip | 75 0 1148 43 27 114 | 170 | 356 | 007 | 028 | 0.14 49
Fly ash
Wood chip | ) )1 140 | 369 26 123 | 236 | 370 | 002 | 022 | 003 16
bottom ash
Coal

549 | 206 | 677 53 210 | 150 | 172 | 076 | 060 | 505 Tr
Fly ash
Coal

549 | 220 | 782 41 134 | 105 | 112 | o1 | 036 | 128 735
bottom ash

X.1,000%

Fig. 1. SEM image of (a) wood chip fly ash and (b) coal fly ash.

irregular and angulate shapes are more observed than
spherical in wood chip fly ash.

The particle size distribution of the wood chip fly
ash and coal fly ash are shown in Fig. 2. The mean
particle size of wood chip fly ash is 35.4 pum which
is larger than that of coal fly ash. Most particles of
coal fly ash are smaller than those of wood chip fly
ash. Bimodal distribution of particle size is represented
in the respect of entire particle size distribution. Specially,

29.91

Median Size :
35.4 um

Volume(%)

T T T
0.1 1 10 100 1000

Particle diameter( xm)
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portion of particle size under 10 pm are more observed
in coal fly ash than that of wood chip fly ash.

Wood chip and coal bottom ash have angular grains
with very porous surface texture. The grain size distribu-
tion of the wood chip bottom ash and coal bottom ash
is shown in Fig. 3. Also, it was compared with grading
envelope of fine aggregate (KS F 2502) to investigate
of the possibility as replacement of fine aggregate. From
the grading coal bottom ash were falling with the target

29.91
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Fig. 2. Particle size distribution of (a) wood chip fly ash and (b) coal fly ash.

2AdeelZd Al 26 A A 135, 2017



14 D DEEARE BRITE Rl IS R RS E SR

Percent passing (%)

A AN
N

20 + 1616 1500

894 l
678
L _._l,_AJ,‘___
10 5 25 12

1

03 015

Maximum size of Sieve (mm)

(@)

100 T

. s Y
= A\'EEAY
NN

o b WL
i) 39.18 \ \

.
| 27.65

- NN
20 +———k——— Nza
3

Percent passing (%)

\\\
" :l\fi_
ol e | NN |
10 5 25 12 0. 015

Maximum size of Sieve (mm)

(b)

Fig. 3. Grain size distribution of (a) wood chip bottom ash and (b) coal bottom ash.

grading envelope of the fine aggregate. Whereas, size
of wood chip bottom ash was much coarser than that
of coal fly ash. Wood chip bottom ash has 4.75 mm
size is over than 40 percent, on the other hand coal
bottom ash less than 1 percent.

When we consider to reuse as an admixture for
secondary cementitious material, it is required that the
cementitious material products should possess suitable
properties™.

To investigate the possibility of reuse as an admixture
for secondary cementitious material, a strength activity
index test of wood chip fly ash was performed in
accordance with the KS L 5405. Table 2 lists compressive
strength of mortar and strength activity index of wood
chip fly ash, coal fly ash and coal bottom ash. The KS
L 5405 specification requires that a fly ash have a strength
activity index of at least 90 percent of the control at
90-day, so the as-received wood chip fly ash would not
be satisfied the requirement of 2™ grade fly ash quality.
This result attributed to coarse particle size of wood

chip fly ash since strength activity index is cllosely
relate to reaction surface area. However, this test found
that the increasing range of wood chip fly ash com-
pressive strength is much higher than that of coal ash
with increasing curing time 7-day, 28-day and 90-day.
This result is closely related to SiO, contents of wood
chip ash, since SiO, react with Ca(OH), in the pozzolanic

reaction.

4. Summary

Characterization of wood chip ashes generated from
a combined heat and power plant were analyzed and
compared to coal ash to investigate the possibility of
utilization of it as the admixture for cementitious material.
Wood chip ash contains higher amount of silica and
coarser particle size compared with coal ash. Generally,
strength activity index is closely related to particle size
and silica content. Particle size of fly ash is related

with reaction surface area and silica contents are related

Table 2. Strength activity index results of wood chip ash and coal ash (wt%)

Compressive Strength (Mpa)
Samples - Strength Activity Index (%) Remarks
7-day 28-day 90-day
Wood chip fly ash 35-67 49-71 57-78 Fly ash quality
Coal fly ash 52-97 59-85 69-95 (Strength Activity Index)
st > nd >
Coal bottom ash 32-59 43-62 46-63 1" grade = 100, 2% grade > 90
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to react with Ca(OH), in the pozzolanic reaction. Strength
activity index of wood chip fly ash shows lower than
that of coal fly ash. This result attributed to particle
size effect was dominant than silica contents at wood
chip fly ash. However, the increasing range of wood
chip fly ash strength active index is much higher than
that of coal ash with increasing curing time. This result
revealed that wood chip fly ash has the potential to be
reused as the admixture for cementitious material even
though strength activity index of wood chip fly ash does
not satisfy the requirement of fly ash quality.
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