Results and Discussion

The relation between carbonizing temperatures
and electrical resistivity of White Popinac, Bamboo,

Coconut Shell and Eucalyptus are shown in table 1.
Table 1:  Electrical resistivity of wood charcoals at
different carbonizing temperature
Type of wood Temperature Electrical
charcoal (*€) resistivity (* 3
400 -
600 4.15x10°
. i 700 3.72x10°
White Popinac 800 94
900 74
1000 5.1
400 -
600 2.36x1 05
700 1.75x10
Bamboo 200 216
900 10.5
1000 9.7
400 -
600 6.96x1 oj
700 1.51x10
Coconut Shell 200 108.3
900 26.3
1000 19.8
400 -
600 2.25x10’
Lucalvptus 700 176x10°
: 800 11.2
900 5.6
1000 4.1

From the table. the wood charcoals showed
electrical resistivity decreases as  increasing
carbonizing temperature. At room temperature to
about 400 *€. the removal of insulating volatile
matters and breakage of C-H bonds has occurred.
After the temperature increase to about 800 +€. C-H
bonds are completely broken whereas the loss of
volatiles predominates and results in an increase in
both fixed and total carbon contents in wood charcoal
[L1]. Such reason depicts that electrical resistivity of
wood charcoals had much decrease during
carbonization temperature up to 800 *€.

Above 800 +€. electrical resistivity slightly
decreases due to the breakage of the C-H bond
resulting in the formation of free valence electron and
appears to contribute to the electrical conductivity of
wood charcoals. According to Neely [12]. increase of
carbonizing temperature affected to higher C/H ratio
in wood charcoals. This means that the extent of
aromatization increases with inereasing carbonization
temperature. The aromatization of wood charcoals
leads to decrease in its resistivity of aromatic nuclei
[13]. And from Kuma and Gupta [3]. the soaking
time (2 to 5 hours) is not the strong function to the
carbon content in wood charcoals.
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Figure 2. Suitable carbonizing conditions for wood
charcoals

From table 1. electrical resistivity of White
Popinac, Bamboo, Coconut Shell and Eucalvptus are
close but slightly different due to the different in
principal chemical constituents in wood. Cellulose.
which has an electrical insulating effect. has higher
electrical resistivity and energy gap than lignin [13].
The ratio of cellulose:lignin in wood indicated
electrical resistivity, the higher ratio in wood. the
high electrical resistivity in charcoals. Bamboo, white
popinac and coconut shell have higher electrical
resistivity due to their higher ratio of cellulose than
Eucalvpius.

From these results. the suitable carbonizing
temperatures to all wood charcoals were obtained.
The heating temperature increases stepwise from
room temperature to 400+€ at the heating rate of 4
*€/mimn and from 400 - 700, 700 - 1000 *€ at the
heating rate of 12 *€ /min (figure 2). Accordingly.
the soaking time was 30 min for completing the
reaction in each step.
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Figure 3. Electrical resistivity of wood charcoals
after forming
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After forming by placing the charcoal powders
into the containers. electrical resistivity was
observed. as shown in figure 3. Electrical resistivity
increases with increasing distance between two

copper wires in all samples.
Conclusions

Carbonizing conditions affected to the electrical
resistivity of White Popinac, Bamboo, Coconut Shell
and Eucalyptus wood charcoal. The suitable
conditions were started from 400, 700 and up to 1000
*€. The soaking time at the highest temperature were
30 minutes for all samples. Electrical resistivity of
the charcoal powders were found to be 5.1. 9.7. 19.8
and 4.1 = «for White Popinac, Bamboo, Coconut Shell
and Ewucahptus, respectively. After forming.
electrical resistivity increases with increasing
distance between two copper wires in all samples.
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Abstract

Charcoal powders (CPs) produced from Eucalyptus under different carbonization temperatures
for use as the substrate of bismuth film electrodes were examined. The electrical resistivity of
CPs within an interval of 4-5 Q was obtained by stepwise increasing carbonization
temperatures to 400, 800 and finally 1,000°C with the soaking time of 30 min, The bismuth
film can be generated onto the bare charcoal paste surface from internal plating (in-situ)
solution to make bismuth film charcoal paste electrodes (BiF-CPEs). As shown on selected
examples, BiF-CPEs exhibit a good performance in anodic stripping voltammetric analysis of
some heavy metals such as lead and cadmium.

Keywords Eucalyptus, Charcoal, Lead, Cadmium, Anodic stripping voltammetry

1. INTRODUCTION

Carbon electrodes as the substrates for deposition of bismuth film were first proposed as early
as in the period of initial characterization of bismuth film electrodes (BiFEs) [1-2] and
supports of this type are still of continuing interest [3— 6]. Several studies have been devoted
to the formation of the bismuth film onto different supporting transducers such as screen-
printed carbon electrode [7], glassy carbon [8], carbon fiber [9], carbon paste [10], graphite
[11], etc. Furthermore, the connection of BiFEs to stripping voltammetric procedures has been
developed for the determination of trace metals, e.g. molybdenum [12], vanadium [131],
chromium [14], uranium [15], beryllium [16], etc.

Among the various electrode materials available, carbon paste attracts immense attention
due to its inherent properties such as simple preparation, fast and effective surface renewal,
favorable signal-to-noise characteristics and the ease and variability with which carbon paste
can be modified [6]. Wood charcoal powder which can be used as carbon paste electrodes
[17] is one form of charcoal powders. The carbon paste electrodes made from charcoal
powders or coke bonded with sugar syrup or coal tar can be produced from carbonization
process at high temperatures [18]. Carbon content in high temperature carbonized charcoal
can have in excess of 94%. Some carbonized charcoals were purer than natural graphite [19], and
electrical properties were closely related to degree of graphitization in wood charcoals [20].

In this article, we report for the first time of preparing and characterizing the charcoal
powders from Eucalyptus to use as substrate for bismuth film electrodes. The bismuth-
modified electrodes from Eucalyptus charcoal powders were successfully exploited the
favorable mechanical and electrochemical properties of carbon paste electrodes. The bismuth
film charcoal paste electrodes (BiF-CPEs) revealed its attractive electroanalytical performance
in conjunction with advanced anodic stripping voltammetric analysis for trace lead and
cadmium determination.
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2. MATERIALS AND METHODS

2.1 Materials

All chemicals used for the preparation of stock and standard solutions were of analytical
reagent grade and purchased from Sigma-Aldrich. Stock 0.1 M solutions of acetate buffer (pH
4.5) were prepared in deionized water. The atomic absorption grade of Bi(IIl) for plating the
bismuth film and Pb(II), Cd(Il) standard solutions contained 1000 mg 1" of the respective
ions. The solutions were diluted as required. Deionized water was used throughout the
experimental work. All measurements were carried out at room temperature.

2.2 Methods

Charcoal powders produced from Eucalyptus were prepared as mentioned previously [21].
Briefly, wood sample of Eucalyptus were cut into 12 cm’ and carbonized to 400°C at the
starting rate of 4°C/min and then to 800 and 1000°C (soaking time of 30 min) at the heating
rate of 12°C/min. After the charcoals were allowed to cool in the furnace, the electrical
resistivity was measured. Electrodes were constructed by grinding the charcoal into powders,
mixing with mineral oil which is functioned as binder, and placing in a pipette tip which is
used for charcoal paste container. Copper wire is inserted into the paste for electrical
conductor. The design of CPEs contained in pipette tip is shown in Fig. 1.

———A

B

C

D

Figure 1 Charcoal powder electrode contained in pipette tip; A, copper wire;
B, pipette tip; C, charcoal paste and D, electrode surface.

2.3 Apparatus

Square wave anodic stripping voltammetric (SWASV) measurements were conducted using a
“Potentiostat” Electrochemical Analyzer (Edaq, Australia) connected to a laptop computer.
The cell assembly consisted of BiF-CPEs working electrode, a Ag/AgCl (3 M KCl) reference
electrode (Model CHI111, CH Instruments), and a platinum wire counter electrode. All
glassware was soaked in a 1 M nitric acid solution and rinsed several times with deionized
water prior to use.

3. RESULTS AND DISCUSSION

3.1 Characterization of Eucalyptus wood charcoal

The relation between carbonizing temperatures and electrical resistivity of Eucalyptus during
carbonization process is shown in Table 1. The decrease of electrical resistivity of wood
charcoals as increase carbonizing temperature is indicated. The removal of insulating volatile
matters and breakage of C-H bonds occurred during heating up to 400°C. C-H bonds are
completely broken whereas the loss of volatiles predominates and results in an increase in
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both fixed and total carbon contents in wood charcoal when the temperature is up to 800°C.
Such reason depicts that electrical resistivity of wood charcoals had much decrease during

carbonization temperature up to 800°C [21].

Table 1 Electrical resistivity of Eucalyptus wood charcoal at different carbonizing temperatures.

Temperature (°C) Electrical resistivity ((2)

room temperature N/A
400 2.25x10’
800 11.2
1000 4.1

Above 800°C, electrical resistivity slightly decreased due to the breakage of the C-H bond
resulting in the formation of free valence electron and appeared to contribute to the electrical
conductivity of wood charcoals. The increase of carbonizing temperature affected to higher
C/H ratio in wood charcoals. This means that the extent of aromatization increased with
increasing carbonization temperature. The aromatization of wood charcoals led to decrease in
its resistivity [21].

Moreover, the electrical resistivity of Eucalyptus wood charcoal within an interval of 4-5
Q was obtained from 5 repetitive carbonizing experiments. However, the typical ohmic
resistivity of between 5 and 15 Q shows a well-homogenized powders [6] and can readily be
used as a substrate for bismuth film plating. Accordingly, in this work the Eucalyptus powders
of 4.1 Q resistance were used as a substrate throughout.

3.2 Bismuth film plated bare charcoal paste

The freshly renewed surface of the bare carbon paste in the pipette tip holder was coated with
the bismuth film using an internal plating (in-situ) method. The sample solutions of Pb(II) and
Cd(II) were directly spiked into the internal plating solution containing supporting electrolyte
solution (0.05 M acetate buffer (pH 4.5)) and 500 ppb Bi(Ill) ions.

The sample solution of Pb(II) (50 ppb) and Cd(I) (50 ppb) in plating solution was
accumulated with stirring by holding the potential of the BiF-CPEs at -1.0 V for 90 s.
Following the preconcentration, the stirring was stopped and after 15 s equilibration, the
square wave anodic stripping voltammogram was recorded over the -1.0 to -0.4 V range
(using an amplitude of 25 mV, a step potential of 4 mV, and a frequency of 25 Hz). After each
scan (and before the next measurement) the electrode was held at -0.4 V for 15 s (to allow
removal of the oxidized species from the surface). The response of the bismuth films
deposited on charcoal paste by using SWASV measurements is depicted in Fig. 2.

As shown in Fig. 2 the stripping voltammogram recorded at BiF-CPEs exhibited well-
defined, sharp and undistorted stripping signals for both heavy metals with peak potentials at -
0.80 and -0.56 V for cadmium and lead, respectively. The voltammogram yielded
significantly high stripping peaks for both metals, implying rich preconcentration capabilities
of BiF-CPEs. Also large response can be also attributed to the low measured resistivity of
charcoal powders produced from carbonizing procedure and sufficient mixing between
charcoal powder and mineral oil.

3.3 Analytical performance of BiF-CPEs
With the aim of attaining more insights into the electroanalytical performance of BiF-CPEs,
we followed the anodic stripping voltammetric responses of the proposed electrodes for 8
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Figure 2 Square wave anodic stripping voltammogram of 50 ppb Cd (A) and 50 ppb Pb (B) at BiF-
CPEs. Supporting electrolyte, 0.05 M acetate buffer (pH 4.5); accumulation, -1.0 V for 90 s with
stirring, anodic potential scanning from -1.0 to -0.4 V with an amplitude of 25 mV, step potential of 4
mV, and a frequency of 25 Hz.
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Figure 3 Square wave anodic stripping voltammograms for increasing levels of cadmium (A) and

lead (B) in 10 ppb steps (curves a — h) at BiF-CPEs along with the background response (dotted line).
Accumulation time, 60 s. Also shown, inset is the resulting calibration plots. Other conditions, as in Fig. 2.

successive increments of a 10 ppb additions up to 80 ppb of cadmium and lead in connection
with a 60 s deposition period at a potential of -1.0 V. Those voltammograms and linear
response plots were illustrated in Fig. 3.

The BiF-CPEs displayed excellent linear behavior in the examined concentration range
with a correlation coefficient (R?) of 0.998 and 0.997 for cadmium and lead, respectively. The
reproducibility tests from 10 repetitive measurements (n = 10), in connection with 60 s
deposition time at -1.0 V, yielded %R.S.D. of 3.8 and 4.5 for 20 ppb cadmium and lead,
respectively (not shown). The estimated limit of detection, based on 3 criterion for the 5 ppb
cadmium and lead after a 300 s deposition step, was 1.5 and 1.2 ppb for cadmium and lead,
respectively. In addition, the electrode did not show any memory effects for both analytes
under inspection, which presence could be a serious obstacle for its further application to real
samples.

4. CONCLUSION
We have demonstrated an attractive protocol of charcoal powders produced from Eucalyptus
under different carbonization temperatures for use as the substrate of bismuth film electrodes.
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The carbonizing temperature intensely affected the electrical resistivity of Eucalyptus
charcoal during carbonization. The suitable conditions were started from 400 to 800 and
finally up to 1000°C with the soaking time at the highest temperature of 30 min. The electrical
resistivity of powders within an interval of 4-5 Q was obtained from five repetitive
carbonization processes.

The bismuth film can be generated onto the bare surface of Eucalyptus charcoal paste from
internal plating (in-situ) solution to make bismuth film charcoal paste electrodes. Application
of the electrodes to determine the trace amount of cadmium and lead was successful. The
results exhibited a good analytical performance of the electrodes in connection to square wave
anodic stripping voltammetric mode. The excellent linearity of concentration dependence,
good reproducibility and low limit of detection were accomplished for both metals.
Furthermore, electrode fouling and memory effects were not found on the electrodes during
measurements. Hence, further efforts in this direction will attend on employing the electrodes
to analyze some heavy metals in real samples. The developing of single-use electrodes for on-
site measurements of cadmium and lead in the environments will also be focused.
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Abstract

The purpose of this research is to construct the graphite electrodes from eucalyptus for trace
determination of lead by square-wave anodic stripping voltammetric technique. Eucalyptus
was carbonized at 400,700 and 1000°C with the holding time of 30 min for each step. The
resistivity of the eucalyptus graphite was found to be 3.50 Q. The determination of lead using
acetate buffer (pH 4.5) on bismuth coated glassy carbon electrodes was examined and showed
the oxidation peak potential at -0.5 volts. The peak current of standard solution at the
concentration of 0.1,0.2,0.3, 0.4,0.5,0.6,0.7 and 0.8 pg/L was found to be 4.00, 10.40,
16.00, 24.00, 46.40, 51.20, 56.00 and 62.40 nA, respectively. Response signals from lead
solution of prepared electrodes and glassy carbon electrode were similar. Furthurmore,
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electrodes made from eucalyptus graphite mixed with paraffin oil compressing into pipette tip
and pure eucalyptus graphite compressing into rod shape also showed the similar signals.

Keywords ecucalyptus, voltammetry, graphite, lead
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Comparison between the Efficiency of Glassy Carbon and
Bamboo Charcoal Electrodes
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Abstract
In this research, the efficiency of glassy carbon and bamboo charcoal electrodes was studied

and compared. The suitable carbonizing condition was starting at 30 to 400 °C, raising up to
700 °C and up to1000 °C holding time at each step for 30 minutes. The electrical resistivity
measured at suitable carbonizing condition was 1.5 Q. The efficiencies of glassy carbon and
bamboo charcoal electrode were studied by analyzing of trace lead with square wave anodic
stripping voltammetric technique. It was found that, glassy carbon electrode offered the signal
to lead (II) standard solution at — 0.52 V (scan from — 1.4 to 0.3 V, deposition time at 120
second). The current at the concentration of 0, 0.3, 0.6, 0.9 and 1.1 ppb were 0, 24, 70.4, 134.4
and 174.4 nA, respectively. The linear relationship between lead concentration and response
current wasobtained. (R* = 0.9588). Accordingly, the electrodes produced from bamboo
charcoal detected some signals to lead (II) standard solution.

Keywords Bamboo charcoal, Voltammetry, Glassy carbon electrode, Lead



91

NPRU Journal of Science and Technology. 2010 23

1. Unin

Tangwiin  [1] ﬁa'ﬁw]l.m5uGﬁ%’uﬁﬂmwd'sqﬁ‘lmwmnﬂ’h 4 '18un azia . Uson, unailoy uay
Tasidion hidu Tangminmarisnwuuazhudionludaunadon 3933 umsdinseim Tansmin
a3 1wy msldmaiin  Atomic Absorption Spectrometer (AAS), Ultraviolet and Visible
Spectroscopy (UV-Vis) uazdnmainniliiionlFinseinSnaTansmin fe mafinToaunu-

o o

— & d ao - = a ar ar ] o
N3 [2] (Voltammetry) Fathuasnmsansigimanil Idihierfennuduiuisenienssuaiy

find I (Current — Voltage) TﬂfJn1suJ?;tlanENﬁ'ﬂfﬂ‘vlﬁﬁf'i“lﬁ'ufiﬂ“f'sﬁNmﬁﬁﬁ'uﬁ'gmﬁﬁjmmﬁn
fnarhiAansdeundasnszua I duida i (3] maiia aunuams Tdwlseneud Ay
2 du fle davveusad I uazdruveunTesiiolumsaugudganaiih  Fuwad i
Jsznoudaoda Wi uazmsazarosidning lad 42 Wi lumsi Traunummi Sndszneudae
#2198 $2 T 1 nazda Inihaneuses %Wﬁﬁﬁmmf’rﬁm fo 2 i Fan 4]
marzimthiidlugaranmioasansamrauleingzy 2 ihnaadnifoeududa Wil
fion1d ideanniuda i uRaveamsueundrouda niefigond glassy @99zdoedia T
ANuRAeuns 14 ‘lf’)hlﬂﬁ"Iﬁ”t;]ﬂﬁ’]i.l’ﬂ‘mu!ﬂﬂﬁﬂi’)ﬁu’l’mmm?!ﬁiﬂm5%1ﬂ‘§1zﬁ'l1‘lj‘l.lﬁﬂ?ﬂﬂ\3
(stripping  analysis) 'E'fﬂym:ﬁﬁ1ﬁ't§ﬂmq%a”lﬂﬁ1ﬂmﬁ%m§ueu fio finamuSqniqe iloudo

aaa = = e ar -

=) = arey A 1 T o
msiiadfisoundl tiadosamgs Taui@aiduauau liuienuige uaz hiinlgasonnuinde

¥ ¥
voIdunIduazetiunsd uenvind i lFnunaadarsveuuds 21 1Fnunten 1 1dun

- & - A - ; o b -
32 M menveu uazd2 Wi 1dauae esnnidudr Wi dausonaniuldiesld ideane

¥
1% 18410 5301 Tluwa ansaldudinald anwawisolunisasindmsizge 2 ldiinsia
¥ 1 ¥ I

Uszangin Iihniguauidans 1de 1diieumidud Iihaldsuluilegiu

givusaauleiezadreda Iiihondagsssuand fe amlilld Fan 1ddwluiesdu Tasluauis
32101 19716 v 1w uudvue lamemunianyuzadionauns Ida [s]  aunsarian iy
q’: = o a 1y = = [ ar
2T lumsasidmsiz Tanzwiin Tasldmaiia Traunuums uaznaaeumsasanialaneviin

1 ¥ ¥ I ¥
moimsnSoumoulsza@nsammeianuvesd Idhnaradmsveusuda Wi nadavu

d o
2. Qﬂnsmammﬁmsmam

2.1 nesilonazqunaal
A =y oo 1
1. 1n503% IAduAN (Potentiostat) U3HN EDAQ U e - corder 210
2. 19 WH (Furnace) U8 Vulcan

3. JaANMD (Multimeters) U55i% UNI - TREND Group Limited 4 UT60A



92

24 NPRU Journal of Science and Technology, 2010

4. ndpIYaNITAIATAG UTHN Olympus 1 CX 31
5. Lﬂ%iﬂﬂ X-Ray Diffractometer (XRD) )35 Bruker AXS Model D8 Discover
6. 1508 I uadl (Electrochemical cell)
7. 2 1% 2 wiindo
7.1 22 Wfhnmadaivou (Glassy carbon electrode)
7.2 ‘IT”’J‘M ﬁﬂz’f"lriﬁﬁwuﬁi’u (Bamboo electrode)
8. 121 Thdseriindanes/Fanoinan 15 (AgAgCl electrode)

9. 1 T waiiaunaiiniy (Pt electrode)

2.2 m1stadl
1. @5azawNInI§Iuazn2 (lead (I1) nitrate standard solution) AUy 1000 ppm

2. ?1583a0UINT§ DT (Bismuth standard solution) AUy 1000 ppm

2.3 35mInaaes
2.3.1 msfinnanziimmnzanlumsm ez anyueNIMemwuesiag
1.1 il ldnda IdTvinadsznm 12 em’ galszana 1 em huwnludnyasdueimaigungil
4 d
A4 9 INeMan I AN
o 1 [l ] ] 3 ¥ doa w
1.2 hsen 18 TW nuanazsou AnyvinauazjUsevessymanisnasiganssmiataa

1.3 adansnaenInsaadediunies X-Ray Diffractometer (XRD)

2.2.2 msvugliag

¥
=1

3 a e as ! = w od A ar
mstugliagi 2 3300 YugiTaomssaldiiafit uazmisdaiadisiniesda

a

HINTY
- dnlszau
' '
saldiinlai 5‘“1%
. l DUl 100 °C
2 llih ]

2 1wh




93

NPRU Journal of Science and Technology. 2010 _ 25

HIBTG
L. masuit 19Roms 1 1A
2. onimsldmszandunsad liaunsotugidedamenuiqns 14
3. Sadszanuinldie wisilu wazAumilen

ar 4’ s o b A e u’.:
4. wiannduzSaquds Fmsdeuasaneauas uaziudowisitdy e T 19iduda il

223 mydnneilanzazin Tasmafiaunafnuelufnaniuilaaumunm3

3.1 B W hnaadamiueu Iinnziansazmemnasgiunzia fszauanududi 0,03, 0.6, 0.9
uaz 1.1 ppb MUAIAY TagsnsiawIndaasiiaadnd Wi -1.4 v idluinan 120 3udi vazaunuan
gl 1.4 81 03 v Sufinranisas i 14
32 wWasusa Wi 19u91n glassy carbon electrode Fua I FouiRanniy

3.3 Juinuaz sz HHanInaaed

3. Waninaasy

3.1 mswmamzfimnzaatumsmn uazdnysrmamenmueatag
snmsfnuanasimngaildlumsn i iludnyuzsueima Wiimanudumudiigade
mswnluaanzdanmi 1 deldmamdn i 15 Q

i 2 naasruavessss 1 1 1d cedaondesganssmiataamasueis 400 i NNIWHUD
pagu 1 lAfi1s1enan Tvinamde 200,16 pm tazn il 3 uansTnseadreveansa 1l Taoms

A O A
AsIVAOVAIATY XRD Hamsns1vaov Inseadauaaidanivni 3

£ Wi,
1000°C 10007

700°C =2 T00°C

L
/l]l]‘C 400°¢

MeC

A‘l a = 1 sy
awif 1 annsfivingaulumanSvumason LT



94

26 ; ; NPRU Journal of Science and Technology, 2010

200,

mwi 2 mstavuaeymavesssn i lidrondesganssmiaisa

L [Czunby
AL L e

ami 3 avursn Tnunsyvosraa e 18 1

3.2 m3vugiliag

Tﬂﬂmiﬁuzﬂ%ﬁﬂiﬂﬂmié‘ﬂﬂlﬁﬂlﬂﬁﬁﬂ uazmIsaiia ﬁ‘:\imdmn‘%‘qﬂf wag WA 145 a1

Adaumiisniugaszanmui mssugl Tasnssalddnlaidannsoi 1dnndedis udnis

ugilTaomssadfaeunsodugy awzmasn i raudum oo

3.3 mydaedlansazia Tnumadinaunadviehdnanduildhaaumanms

1) mydinneilanzazialaoldin Infhnaradasueudhud Il 1dkansnaaesdannd
4-5 HazMIad 1

4 o i o & - -
MmN 1 anududuves TanzazninazlSuunszuaida ldnnmatinauaiiinvie Tudnanstla Taunumms

amudutuveslanznzia (ppb) ASZUE (nA)
0 0.0
0.3 24
0.6 70.4
0.9 134.4
1.1 174.4




NPRU Journal of Science and Technology, 2010

00

200
(nA)

100

0.8

-0.6 -0.52 =04

E(V)

H - o o
Mun 4 Tauny Tuunsuvesms AT IzHaTaza1onzn

¥
wasg Tagin ihldaunaadasen

95

27

200 4
180 1
160
140
2 10
E 100 y = 146.66x
E R* =0.9588
80
®
60
40
20 L ]
o
o 0.2 0.4 0.6 o8 1

v (ppb)

PMNN 5 N3 "I‘r'h.l']ﬂ'iﬂ'lu‘UENﬁ'ﬁ azauAzn?

1.2

0 i ¥ "
) msansied lanzazialaeldd IWihen 17T mduaa i 14 1dnanisnaass deanmi

6 (N)-(A)

.

[ ]

00

o ° E0V)

(v)

200

nay

0.4

L B0V Lo

(7)

a6 Taaunu Tuunsuveamsinasguazii Anududu 0.1, 0.2, 0.3, 0.4 1az 0.5 ppb o 14

(n
(v

(n

—_

ﬂ’: 1 1 - =1 J ar
2 Infhmaan i dnaudumilon Jugil Taomssadia

3 ‘3 1 =y
2 Ilhman e 8 TruS qnivugy) Taemsoa ldihail

¥ ¥
2 Ithmaan 1 ldraumsiluiugi Tasmssaldduladiil



96

28 NPRU Journal of Science and Technology, 2010

4. agdwamsnanes
nnmsanmannzimnzanlumsinlf1dan 5 didsanudnmmdiigade wnilgumgd 30 -
400°C, 400 - 700 °C, 1Az 700 - 1000 °C Taoia1Agaimgiigegaluudazsudion 400 °c, 700 °C uas
1000 °C rfunan 30 wiit dmanudumi i 15 Q dohmedien1d)5avnaveseymn
WUPTAAMAD 200,16 pm aznmsaAni laseadedonses XRD Hfiafiudasdanniundn
voas i lfie1 20 = 27.5296 Tif intensity 302 % tiferfivufuAnusn Tnunsuvesnauns TWs
WIAsFIUATIN intensity Adwmiadordudlu 100% uansfamstaGoaiavesmivoulundnuns Id
ffnnuiussfengend dewaldaunsoiriuih1ddndmed 1l
snmsAnsioudeudssaniammsianueaia Wihnaadmiueusuda Ifhd-
180 wudrd e 1 ldamnsadugiita Taemssalddiail Tunadnld Inusaqnd saudaiild
wnwiudlszan wazlavmsdaialasldaumilondudlszan vinmsinsizinun
2 Wihmass 1 I Fyananeuaues lumsazaenas gua g -0.1 v Fadliamanse
s iddiudyaavesmssialalumsazate Fatu 2 Tviha a1 s asil sy @nsamlums

@ & el 1 z = o
asrvdalanzazidinida Ifhnaadmsveu

5. dadAnssudszma

Ly o = o ar g 3 o - o
VDUDUAUADTIUUIVYLUASHAIU Uﬂ13ﬂ81ﬁﬂﬁ1%ﬂguﬂ5ﬂ§n ﬂ1ﬂﬂuﬂUUﬁHUﬂ1ijﬂﬂ

6. 1ONA391989

[1] wda Fuaga. Tansginer. mnavdaaumaTulad (Ino-gifu), namma, 2547,

[2] digIn asea. msann3Emsinssim Tansminasia/Sinantes Tas3s o3t aunafil
uo TudnanidlsTraunuuns. Ysyginnmansiudia. umInndossiguasigy,
unsilgw, 2551.

3] Aaniun eaalns. madiazimunadiondsumies Tasisaunasivue Tuanansilile

Traunuums. Syaninnmaastiudia. umImondsnwsiguasgy, uasigy, 2551.

[4] Kumar, M. and Gupta, R. C., Electrical resistivity of Acacia Eucalyptus wood chars, J. Mat. Sci., Vol.

28; pp. 440-444, 1993.



