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Some scholars put their research themes and focuses on
the adsorption characteristics of bamboo charcoal. Wang’s
experiments proved that bamboo charcoal could better
absorb dimethyl sulfide in water than other kinds of
powdered activated carbon [8]. Wang soaked bamboo
charcoal in a steam environment, and observed the
absorption situation of heavy metal ions. Experimental
results showed that among different heavy metals, the
absorption of lead was highest [9]. Chen’s experimental
results showed that the ammonia absorption improvement
rate of bamboo charcoal having undergone polymerization
treatment by acrylic acid can reach 98% [10].
In the aspect of biological medicine, Yang used bamboo
charcoal and polyoxometalate to prepare a biological
protective material with antibacterial efficacy [11]. All the
above has revealed that bamboo charcoal has been very
extensively applied. However, according to the past
literature, except the early days’ study of Hokkirigawa that
clearly indicated that porous material having undergone
high temperature treatment had good self-lubricity effect
[12], there is no other application and studies of porous
bamboo charcoal polishing and machining tool found. This
is extremely too bad to make no use of the peculiar features
of electric conductivity and porosity in bamboo charcoal.
Chemical mechanical polishing (CMP) is an
indispensable
key
technique
in
semiconductor
manufacturing process. In order to let CMP process be
undertaken stably and continuously, and maintain the
quality of wafer, polishing pad has to be trimmed
appropriately by diamond conditioner. In this way, the
surface profile and characteristics of wafer can be restored,
and the life of polishing pad can be extended [13]. In a
study of polishing efficiency of polishing pad made by
Zhang, increase in polishing time and abrasion pressure is
found to have easily created wear to polishing pad [14]. A
study of Hooper mentioned that wear problem would occur
to polishing pad after polishing; deformation of polishing
pad would further happen; and the polishing efficiency and
wafer planarization may also be affected [15].
In order to improve the above shortcomings of
polishing pad, the study makes use of the porous
characteristic of bamboo charcoal itself, together with
abrasive to make a novel bamboo charcoal polishing system.
The study also conducts polishing experiment of silicon
wafer surface, and explores the effects of the parameters of
such technical process on the surface roughness after
polishing.
It is hoped that not only environmental
protection and minimum machining cost are both
considered, mirror surface effect can also be obtained within
the shortest machining time.

Abstract - Using bamboo charcoal’s features of porosity
and high specific surface area, the study pours slurry to the
inside of vascular bundle of bamboo charcoal. When the
slurry flows to the contact surface between bamboo
charcoal and sample to carry out polishing experiment, the
structure of bamboo charcoal itself is disintegrated by the
abrasion function of abrasives. During this time, the
abrasives inside the vascular bundle of bamboo charcoal
keeps on machining on the workpiece surface due to
disintegration of the surface layer of bamboo charcoal.
Through the process of repeated disintegration of the
surface layer of bamboo charcoal and continuous supply of
new abrasives, polishing effect can be enhanced. According
to experimental results, under the condition that the
concentration of A1 abrasive is 0.5wt%, the original surface
roughness of silicon wafer can be improved from Ra
0.273μm to be around Ra 0.026μm within 30 minutes. As to
diamond powder in particle size D3, its surface roughness
can be improved to be Ra 0.021μm with mirror surface
effect. It is proved that the study of polishing by bamboo
charcoal together with different abrasives can acquire
rather good effect in surface improvement.
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I. INTRODUCTION
Bamboo charcoal is a newly developed material with
electric conductivity, high absorption and other features.
Among these features, the most noteworthy one is the
porous internal structure of bamboo charcoal. Its surface
area can be as great as 300m2/g. Scholars of different
domains successively made extensive studies of bamboo
charcoal [1-3].
Xingzhong carried out carbothermal
reduction of bamboo charcoal and SiO2, and successfully
made alpha silicon carbide (α-SiC) in an argon environment
under 2100°C [4]. Using bamboo charcoal’s characteristics
of far-infrared ray and anion, Lou firstly added bamboo
charcoal powder to fiber to make bamboo charcoal/cotton
complex yarn, which were then composite woven with
stainless steel wires to develop a kind of new material being
water resistant and vapor permeable [5].
Lin studied the electromagnetic shielding effectiveness
of the composite woven material containing bamboo
charcoal powder. Research results showed that this kind of
bamboo charcoal composite woven material has apparent
effect [6]. K.H. Wu studied the NiZn-coated nanoparticles
with different percentages of bamboo charcoal content.
Research results showed that NiZn bamboo charcoal can
change the magnetic properties, and possesses better
microwave absorbing properties [7].

II. DESCRIPTION OF EXPERIMENT
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$ Experimental (quipments

&Experimental 0ethods

The experiment uses precise single lapping machine
(M-15FS) produced by Jeng Yueh Enterprise Co., Ltd. and
a self-made pressure output equipment to carry out abrasion
and polishing test. After the experiment is finished,
ultrasonic cleaner is used to clean the sample. Then, surface
topology interferometer and scanning electron microscope
are used to carry out measurement and analysis. The
experimental equipments are shown in Fig. 1.

For the making of bamboo charcoal tool, blocks of
bamboo charcoal are firstly cut into pieces in the size of
8080250mm. The impurities of the cut bamboo charcoal
are removed by an ultrasonic cleaner. The cleaned bamboo
charcoal pieces are placed in a drying box for 24 hours to
keep the inside of vascular bundle dry. The bamboo
charcoal being treated is placed in a fixture to carry out
subsequent polishing experiments. Slurry is injected to the
contact surface between vascular bundle of bamboo
charcoal and wafer via pipeline, enabling slurry to carry out
polishing on sample continuously. Since bamboo charcoal
automatically peels off while polishing, there are not only
abrasive particles brought by slurry, but also those
supplemented from the peeling bamboo charcoal. Through
such process of repeated polishing and disintegration of
bamboo charcoal surface layer, the polishing effect of
sample is improved.

Fig. 1 Experimental equipments

III. RESULTS AND DISCUSSION
$Exploration on %amboo &harcoal &omposite 3olishing
by 2xidized $luminum 3owder
1 Effects of 0achining 7ime on 6urface 5oughness

% Experimental 0aterials
The bamboo charcoal block used in the experiment are
the Moso bamboo being carbonized under temperature
1000oC. Its density is around 0.6 g/cm3, specific surface
area 300 m2/g, and carbon content 75~86%. The structure
of bamboo structure is shown in Fig. 2. The sample in the
experiment is N type silicon wafer, with thickness 610640μm, electric resistance 2-7Ω-cm, and Ra 0.275μm.
Related parameters of machining are shown in Table 1.

Under the machining conditions of fixed concentration
at 0.5wt% and fixed load at 30N, the paper explores the
effects of machining time on surface roughness under
different rotational speeds. Related results are shown in
Fig. 3. When machining time is 30 minutes and rotational
speed is 7.5m/min., an optimal surface roughness 0.022μm
can be obtained. When polishing sustains up to 45 minutes,
surface roughness does not have apparent change anymore.
When rotational speed is 5m/min. or 7.5m/min., surface
roughness decreases with the increase of machining time.
And when rotational speed is 2.5m/min., owing to the low
rotational speed, low cutting force can easily make
abrasives accumulated on the slight crack of the sample and
deepen the defect, resulting in a rise of roughness with the
increase of machining time.

Fig. 2 Structure of bamboo charcoal
Table 1 Machining parameters
Factors

Type of particles

Concentration (wt%)
Loading(N)
Speed(m/min)
Time(min)

Parameters
0.3μm aluminum oxide powder
(A1)
<0.5μm Diamond powder (D1)
0.25-0.5μm Diamond powder
(D2)
<1μm Diamond powder (D3)
2-4μm Diamond powder (D4)
0.5
10, 20, 30
2.5, 5, 7.5
15, 30, 45

Fig. 3 Relationship between machining time and surface
roughness under different speeds
With the increase of the number of times of polishing,
the volume shrinkage caused by disintegration of bamboo
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charcoal is getting great. Therefore, in order to understand
the life of bamboo charcoal under different machining
parameters, it is very important to study the wear rate of
bamboo charcoal via the entire experiment. Fig. 4 shows
the relationship between machining time and the wear of
bamboo charcoal in the experiment.

Fig. 6 Relationship between machining speed and the wear
of bamboo charcoal
3 Effects of /oad on 6urface 5oughness
Load can affect the actual contact area between bamboo
charcoal and sample surface. When greater load is applied,
the actual contact area will be greater, and the uniformity of
sample surface will be better. The schematic diagram of
applied load and actual contact area is shown in Fig. 7.

Fig. 4 Relationship between machining time and wear of
bamboo charcoal
2 Effects of 6peed on 6urface 5oughness
Under the machining conditions of fixed concentration
at 0.5wt% and fixed time at 30 min., the paper explores the
effects of machining time on surface roughness under
different speeds. Related results are shown in Fig. 5. Under
the machining conditions that speed is 7.5m/min. and the
applied load is 30N, an optimal surface roughness Ra
0.022μm can be obtained. Under the machining parameter
that the applied load is 20N, the improvement of surface
roughness is most apparent when speed increases from
5m/min. to 7.5m/min.

Fig. 7 Schematic diagram of applied load and actual contact
area
Under the machining conditions of fixed concentration
at 0.5wt% and fixed machining speed at 7.5m/min., the
effects of load on surface roughness are shown in Fig. 8.
When machining time is 30min. and the applied load
exceeds 20N, an optimal surface roughness can be obtained.

Fig. 5 Relationship between speed and surface roughness
under different loads
The effects of machining speed on wear rate are shown
in Fig. 6. Under the same machining time, the wear rate of
bamboo charcoal increases continuously with the increase
of machining speed. It can be clearly observed from the
figure that at speed 7.5m/min., and when load increases
from 20N to 30N, wear rate increases by above 3 times.

Fig. 8 Relationship between load and surface roughness
under different machining time
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When machining time is continuously increased to 45
min., Ra has no apparent change. When machining time is
30min. and the applied load increases from 10N to 20N, the
change of surface roughness is more apparent, and Ra value
reduces from 0.052μm to 0.026μm.
When polishing time is 15min., the wear of bamboo
charcoal increases steadily with the increase of load. When
load increases from 20N to 30N, the wear of bamboo
charcoal appears to be doubled. Fig. 9 shows the
relationship between the applied load and the wear of
bamboo charcoal.

Under the machining conditions of concentration
0.5wt%, speed 7.5m/min. and load 20N, the paper explores
the effects of 4 kinds of diamond powder in different
particle size on surface roughness under different machining
time, as shown in Fig. 11. The optimal surface roughness Ra
0.015μm is achieved when the particle size of diamond
powder is D4 and the machining time is 30 minutes.
However, when polishing time exceeds 15 minutes,
diamond abrasives D4 cannot be squeezed out due to its
excessively great particle size. Therefore, although an
optimal surface can be obtained in a short period of time,
bamboo charcoal cannot be used repeatedly, and the wear of
bamboo charcoal is also higher. Therefore, it is quite
difficult to keep on using abrasive D4 to carry out
machining.
Fig. 12 shows the relationship between
machining time and the wear of charcoal.

Fig. 9 Relationship between load and the wear of bamboo
charcoal
4 Observation of 6ample 6urface
Fig. 10 shows the SEM diagrams of sample before and
after polishing at machining speed 7.5m/min. under load
20N for polishing time 30min. The sample surface appears
to be uniform and gentle. From the figure, it can be seen
that after polishing, the sample surface appears to have clear
mirror surface with reflective effects.

Fig. 11 Relationship between machining time and surface
roughness

Fig. 12 Relationship between machining time and the wear
of bamboo charcoal
2 Effects of speed on surface roughness
For diamond powder in different particle size, and with
concentration 0.5%, machining time 30min. and load 20N,
the effects of machining speed on the surface roughness of
sample are shown in Fig. 13. When the particle size of
abrasive is greater than 1μm, the tendency of declining
surface roughness with speed increase is quite apparent.
For abrasives with smaller particle size (D1 and D2), their

Fig. 10 Comparison of sample surfaces (a) of original
sample (b) after polishing
% Exploration of composite polishing by diamond power
bamboo charcoal
 Effects of machining time on surface roughness
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polishing effect is still not apparent, with Ra value being
0.22μm.

diamond powder in particle size D4, surface roughness
reaches 0.013μm. After load is continuously applied to
30N, surface roughness does not have apparent change.

Fig. 13 Relationship between machining speed and surface
roughness

Fig. 15 Relationship between load and surface roughness

Fig. 14 shows the effects on the wear rate of bamboo
charcoal under different machining speeds. The diamond
powder in small particle size has lower polishing effect, and
also has lower wear rate of bamboo charcoal. When
machining speed increases from 5m/min. to 7.5m/min., wear
rate rises with the increase of surface roughness, showing
that the diamond powder in small particle size not only fails
to achieve an optimal surface roughness, but also shortens
the life of bamboo charcoal. As to the diamond powder in
large particle size, the surface roughness for diamond
powder in particle size D3 and D4 is Ra 0.017μm and Ra
0.016μm respectively, without a great difference in
between. However, the wear rate of diamond powder in
particle size D3 is lower than that of diamond powder in
particle size D4.

Fig. 16 Relationship between load and wear of bamboo
charcoal

Fig. 14 Relationship between machining speed and the wear
of bamboo charcoal
3 Effects of load on surface roughness
When diamond powder in different particle size is under
the machining conditions of concentration 0.5wt%, speed
7.5m/min. and machining time 30min., the effects of load on
surface roughness is shown in Fig. 15. When applying load
30N on diamond powder in particle size less than 1μm, Ra
value reaches 0.021μm. And when applying load 20N on

Fig. 17 Polishing by (a) D1 (b) D3 particles under
conditions of machining time 30min., speed
7.5m/min. and load 30N
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However, in consideration of the wear and life of
bamboo charcoal, the diamond abrasive D4 cannot be used
in the study’s bamboo charcoal machining test for a long
time. Thus, in order to acquire an optimal surface
roughness, it is most suitable to use diamond powder in
particle size less than 1μm and apply load 30N. Fig. 16
shows the effects of different loads on the wear rate of
bamboo charcoal when diamond powder in different particle
size is at concentration 0.5wt%, polishing time 30min. and
machining speed 7.5m/min.
Having used SEM to observe the surface profile of
sample after machining, we can clearly find that there are
more apparent scratches on the surface of sample. Fig. 17
shows the SEM diagram of polishing. Comparing to the
powder in smaller particle size, diamond powder D3 and D4
has better improvement effect.
IV. DUSCUSSION
Bamboo charcoal is a newly developed product
stressing environmental protection and having multiple
functions. The study uses the porous characteristic of
bamboo charcoal to successfully produce a composite
polishing system of bamboo charcoal, and explore the
polishing effect of different abrasives on silicon wafer
surface under different machining parameters. The research
results are as follows:
1) When oxidized aluminum powder is used for polishing of
silicon wafer sample by bamboo charcoal at machining
speed 7.5m/min. and applied load 20N for polishing time
30min., the surface roughness of sample can be reduced
to Ra 0.026μm, and improvement rate can reach 90.2%.
2) When diamond powder D3 is used for polishing of
silicon wafer sample by bamboo charcoal at machining
speed 7.5m/min. and applied load 30N for polishing time
30min., the surface roughness of sample can be reduced
to Ra 0.017μm, and improvement rate can reach 92.3%.
3) When composite polishing is performed by bamboo
charcoal, together with oxidized aluminum powder and
diamond powder, an optimal surface quality can be
obtained under suitable machining conditions. However,
excessive machining conditions not only fail to enhance
surface quality, but also increase the wear of bamboo
charcoal.
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