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Microstructural Analysis of Poly(ethylene-co-propylene-co-1-butene)
terpolymers by Multidimensional NMR Spectroscopy
a o v [ > a _\ = e a
N159ATIENLATIRS1IMLAN L UssALTIAN AR INR(lanaau-TA-TnsiNsu- Ta-daiu)
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Anuttra Nuamthanom"and Phusadee Sandee *

UNARga
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289 Namﬁmmﬂu%uqmﬁm MsFnsATite AR N AN Az e lusyAuTa \aNA1B4419 poly(ethylene-
co-propylene-co-butene) Angnaiia multidimensionaliawnasfunains iuunddilalnalall 18w nnsmaase °C
NMR n19mmaad pulsed-field-gradient (PFG) 'H-""C heteronuclear single quantum coherence (gHSQC) N1INAADY
pulsed-field-gradient (PFG) heteronuclear multiple bond coherence(gHMBC) Lazn13naaas pulsed-field-gradient
(PFG) heteronuclear single quantum coherence-total correlation spectroscopy(gHSQC-TOCSY) AMNHALAINITNAADY
a9 AN ILNTIATIE39MINLATI99E73 poly(ethylene-co-propylene-co-butene) THatreanysaiuaziinlignas

Anwngeiunulfetegniiastaa

Abstract

Physical, rheological and optical properties of polymer depend on its molecular microstructure.
Specifically, the monomer content and sequence distribution of polymer significantly affect the mechanical performance
of the final product. To this base, Nuclear Magnetic Resonance Spectroscopy (NMR) has been introduced as a very
powerful technique to study the microstructure of polymer. The purpose of this study was to develop a methodology
to investigate the microstructure of poly(ethylene-co-propylene-co-butene) terpolymer by using multidimensional
NMR spectroscopy, including pulsed-field-gradient (PFG) 'H-"°C heteronuclear single quantum coherence (gHSQC),
heteronuclear multiple bond coherence (QHMBC), and heteronuclear single quantum coherence-total correlation
spectroscopy(gHSQC-TOCSY). The combination of 1D and 2D NMR experiments, permit the characterization of
the complex structure of poly(ethylene-co-propylene-co-butene) terpolymer. The completed '°C NMR assignments

provided in this work allow more accurate quantitative determination of the microstructure in these polymers

MdAn  : wedwad, daedafunawinslauuudanlalnsaladl

Keywords : Multidimensional NMR spectroscopy, Poly(ethylene-co-propylene-co-1-butene)
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*corresponding author E-mail address: anuttra@dss.go.th
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1. Introduction

Copolymers are composed of two or more types of monomer units, which can be arranged in
random, alternating, block or graft fashions. The arrangement of monomer units in a copolymer is controlled by
the copolymerization conditions (e.g. catalyst, temperature), the monomer reactivity ratio, and the feed ratio. The
information on the monomer sequence distributions can lead to an understanding of the kinetics and mechanism of
copolymerization and the physical properties of the copolymers.

NMR spectroscopy is one of the most effective methods for the determination of monomer sequences. If two or
more monomers are copolymerized in a statistically random manner, many possible monomer sequences can be
formed. The "H and "C NMR spectra can be extremely complex due to the overlap of the resonances. The spectra
are sensitive to the variations of the comonomer sequences. The resonances in high field NMR spectra are sensitive
to pentad or even heptad monomer sequences, if stereo sequence effects are ignored; there are 2°=32 pentads
and over 120 permutations of heptads. Thus, to assign resonance of a random copolymer becomes a challenging
task. With the development of spectrometers, probe design and multidimensional NMR experiments, it is possible
to assign the monomer sequence of a polymer without ambiguity.

Although there are extensive reports on the °C NMR determination of copolymers such as poly(ethylene-

)[1—4] )[577]

co-propylene)" ™, poly(ethylene-co-butene)” ", and poly(propylene—co—butene)[&g], only few °C NMR studies of

poly(ethylene-co-propylene-co-butene) terpolymer were investigated" "

2. Experimental
2.1 Preparation of Polymer Samples for NMR Analysis
Four ethylene/propylene/butene polymers (Polymer A, B, C and D) with low amounts of ethylene and
1-butene contents were provided by Thai Polyethylene, Ltd. About 0.04 g of terpolymer and 0.4 ml of 10% (w/v) of
1 ,Af-dic:hlorobenzene-d4 /trichlorobenzene solvent mixture were placed in a5 mm NMR tube. A trace amount of hexa-
methyldisiloxane (HMDS) was added to serve as an internal chemical shift reference (SH =0.09 ppm, 8C =2.03ppm).
The sample was spanned at 30 rpm in a Kugelrohr oven at 130°C until a clear homogenous solution was obtained.
2.2 Acquisition of 1D C NMR spectra
The °C NMR spectra were obtained with Bruker Advance DPX 400 NMR spectrometer at 120 °C using a
5 mm broadband QNP probe, with a 9.57 s 90 ° pulse, 17 kHz spectral width, 10,240 transients, 1 s acquisition
time. The spectra were obtained with WALTZ-16 proton decoupling. Data were zero-filled to 512 k and exponential
weighted with 1 Hz line broadening prior to Fourier transformation. The "*C chemical shifts were reported relative to
the reference shifts of internal hexamethyldisiloxane at 2.03 ppm.
2.3 Acquisition of 1D Quantitative *C NMR spectra
The quantitative ?C NMR spectra were obtained with a 9.57 s 90 ° pulse, 17 kHz spectral width, 2048
transients, 35s acquisition times. To eliminate NOE, spectra were obtained with an inverted gated WALTZ-16 pro-
ton decoupling. Data were zero filled to 512 k and exponential weighted with 1 Hz line broadening prior to Fourier
transformation. The "°C chemical shifts were reported relative to the reference shifts of internal hexamethyldisiloxane

at 2.03 ppm.
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2.4 Acquisition of 2D gHSQC NMR spectraat 400 MHz
2D NMR data were obtained with a BBIz probe at 120 °C on Bruker Advance DPX 400 NMR spectrometer.
The Echo/Antiecho gradient selected HSQC NMR spectra were obtained with 90 ° pulse widths for 'H and "°C of
6.05 s and 14.24 s, respectively, a relaxation delay of 1.5 s, a delay A setto 1/(2><1JCH), (UCH =130 Hz), and the
acquisition time of 0.214 s with simultaneous "°C GARP decoupling, a 8.0 kHz spectral width in the °C (f) dimension
and a 2.4 kHz spectral width in the 'H ( f2) dimension; 8 transitions were averaged of 512 increments during t1. The
two gradient pulses in the ratio 80 : 20.1 were used. The data were acquired in phase sensitive mode where CH and
CH3 cross-peaks were inverted relative to CHZCross—peaks. Linear prediction was used to forward extend the data
two times its original length. Data were zero filled to provide a 2048 x 4096 matrix and processed with sine bell and
sine square weighting before Fourier transformation.
2.5 Acquisition of 2D gHMBC NMR spectra at 400 MHz
Data were acquired with 90 ° pulse widths for 'H and "°C were 6.05 s and 14.2 LLs, respectively, a relaxation
delay of 1.5's, a 0.214 s acquisition time, a delay A set to 1/(2><1JCH) (KJCH =130 Hz) with evolution delays of 80 ms
(set to 1/(2><”JCH), 32 transients were averaged for each of 512 t1 increments. The evolution time was incremented
to provide the equivalent of an 8 kHz spectral width in the f1 dimension. A 2.4 kHz spectral width was used in the f2
dimension. The three gradient pulses in the ratio 50 : 30 : 40.1 were applied. Linear prediction was carried out in the
f1 dimension to improve the digital resolution. Data were zero filled to provide a 2048 x 4096 matrix and processed
with sine bell and shifted sine square weighting before Fourier transformation.
2.6 Acquisition of 2D gHSQC-TOCSY NMR spectra at 400 MHz
The States-TPPI gradient selected HSQC-TOCSY NMR spectra were obtained with 90 ° pulse width for 'H
and "°C of 6.05 s and 14.2|s, respectively, a relaxation delay of 1.5's, a delay A set to 1/(2><UCH), (UCH =130 Hz),
and an acquisition time of 0.21 s with simultaneous "°C GARP decoupling ; 32 transitions were averaged for each
of 2’512 increments during t1 with the evolution time incremented to provide the equivalent of 8 kHz spectral width
in the "°C (fj) dimension and a 2.4 kHz spectral width in the "H( fz) dimension. A spin-lock pulse was applied for a
period of 60ms with MLEV-17 modulation. The three gradient pulses in the ratio 80: 30 : 20.1 were used. Linear pre-
diction was used to forward extend the data. Data were zero filled to provide a 2048 x 4096 matrix and processed
with sinebell and shifted sine square weighting before Fourier transformation.
2D NMR data including; gHSQC, gHMBC, gHSQC-TOCSY of terpolymerA were also obtained on the 500
MHz NMR instrument. The parameters of these experiments were as following.
2.7 Acquisition of 2D gHSQC NMR spectra at 500 MHz.
2D NMR data were obtained with indirect detection probes at 120 °C on Varian INOVA 500 MHz NMR spec-
trometer. The gradient selected HSQCNMR spectra were obtained with 90 ° pulse widths for 'H and °C of 6.13 Us
and 13.20 s, respectively, a relaxation delay of 1.5 s, a delay A set to 1/(2><1JCH), (UCH =125 Hz), and an acquisi-
tion time of 0.205 s with simultaneous "°C GARP decoupling, 8.1 kHz spectral width in the "°C (f) dimension and a
2.5 kHz spectral width in the 'H ( fz) dimension; 8 transitions were averaged for each of 2512 increments during t1.
The data were acquired in phase sensitive mode where CH and CH3 cross-peaks are inverted relative to CH2cross—
peaks. Linear prediction was used to forward extend the data two times its original length. Data were zero filled to

provide a 2048 x 4096 matrix and processed with sine bell and sine square weighting before Fourier transformation.
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2.8 Acquisition of 2D gHMBC NMR spectra at 500 MHz.

Data were acquired with 90 ° pulse widths for 'H and "°C were 6.13 WUs and 13.2 s, respectively, a relaxation
delay of 1.0 s, a 0.205 s acquisition time, a delay A setto 1/(2><1JCH) (UCH =140 Hz), 16 transients were averaged for
each of 512 t1 increments. The evolution time was incremented to provide the equivalent of an 8.1 kHz spectral width
in the f7 dimension. A 2.5 kHz spectral width was used in the f2 dimension. Linear prediction was carried out in the
f1 dimension to improve the digital resolution. Data were zero filled to provide a 2048 x 4096 matrix and processed
with sine bell and shifted sine square weighting before Fourier transformation.

2.9 Acquisition of 2D HSQC-TOCSY NMR spectra at 500 MHz.

The States-TPPI gradient selected HSQC-TOCSY NMR spectra were obtained with 90° pulse width for 'H
and "°C of 6.13 s and 13.2 s, respectively, a relaxation delay of 1.0 s, a delay A set to 1/(2><UCH), (UCH =125
Hz), and an acquisition time of 0.205 s with simultaneous °C GARP decoupling ; 8 transitions were averaged for
each of 2’512 increments during t1 with the evolution time incremented to provide the equivalent of 8.1 kHz spectral
width in the °C (f1) dimension and a 2.5 kHz spectral width in the "H( f2> dimension. A spin-lock pulse was applied
for a spin-lock field of 8.0 kHz with MLEV-17 modulation.Linear prediction was used to forward extend the data.
Data were zero filled to provide a 2048 x 4096 matrix and processed with sine bell and shifted sine square weight-

ing before Fourier transformation.

3. Results and Discussion
3.1 Structure and Nomenclature
The carbon chemical shift assignments in this work are labeled based on nomenclature first defined by Car-

n"“ which was modified later by Dorman"®and Randall®.Methylene carbons along the backbone of an ethylene/

ma
propylene/butene terpolymer chain are identified by a pair of Greek letters to indicate the distance to the nearest
branch points in either direction. Carbons in the side-chain branches are identified by iBn and iE%m where ‘i’ indicates
the position in the branch, starting with the methyl carbon in position 1, and the subscript ‘n’ and ‘m’ indicate the
length of the branch (e.g. B1 for propylene units and 82 for butene units). The methylene carbon between different
branches are named by xanBm where x and y are two Greek letters indicated the distance to the Bn and Bm branches,
respectively. The saturated carbons at the end of the main chain are identified as 13(CH3), 2s(CH2), 3S(CH2), etc.

Figure 1 shows an example of carbon atom identification.

g adB, ayB,B; ayBiB; a8B;  Y8B;

poB;  88B; 5s 3s

1B,

Figure 1 Nomenclature of ethylene/propylene/butene terpolymer

The capital letters “E”, “P” and “B” are used to indicate ethylene,propylene and butene monomer units, respec-

tively, to describe the monomer sequence distributions.
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When two or more branches are in adjacent positions, the relative stereochemistry of the neighboring chiral
centers also becomes important. The relationship between monomer units in a dyad is termed meso or m when two
neighboring asymmetric carbons have the same stereochemical configuration. The relationship between monomer
units in a dyad is termed racemic or r when two neighboring asymmetric carbons have opposite stereochemical

configuration.

3.2 'H NMR of poly(ethylene-co-propylene-co-butene)

The 400 MHz "H NMR spectrum of ethylene/propylene/butene terpolymer is shown in Figure 2. The spectrum
shows three broad resonances due to the overlaps arising from the strong coupling among the many main chain
and the side chain protons with similar chemical shifts. The peaks appearing between 0.8-1.10 ppm correspond
to methyl proton resonances from methyl and ethyl branches. The OLOL methylene protons of PP and PB dyads
also arise in this region. The peaks appearing around 1.3 ppm and 1.6 ppm correspond to methylene and methine

protons, respectively.

CH,

1.9 1.7 1.5 1.3 1.1 0.9 0.7
H (ppm)
Figure 2 The 400 MHz 'H NMR spectrum of poly(ethylene-co-propylene-co-butene) terpolymer.

3.3 The "*C NMR of poly(ethylene-co-propylene-co-butene)terpolymers

The 100 MHz ®C NMR spectra of terpolymers A, B, C and D are shown in Figure 3, (a) terpolymer A (ca.
90.80 % 1-propylene, 3.52% - ethylene, 5.72 % 1-butene), (b) terpolymer B (ca. 93.80 % 1-propylene, 4.27% - eth-
ylene, 1.93 % 1-butene), (c) terpolymer C (ca. 89.70 % 1-propylene, 4.39% - ethylene, 5.90 % 1-butene) and (d)
terpolymer D (ca. 92.90 % 1-propylene, 4.89% - ethylene, 2.25 % 1-butene). These polymers have predominantly
isotactic sequences mainly from propylene units. The variations among these polymers are observed due to the
differences in tacticity and monomer sequence distribution. The chemical shift assignments of terpolymer A, B, C
and D are listed in Table 1. They were initially assigned based on the literature” ', the use of 2D NMR experiments
(gHSQC, gHMBC and gHSQC-TOCSY) assist in confirmation of most of the assignments. In addition, corrections

and new assignments of the resonances from these terpolymers are also provided by these new data.
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Terpolymer A
(a) [P):[E]:[B]= 90.80%:3.52%:5.72%
4
— j A 9

Terpolymer B

(b)

[PJ:[E]:[B]= 93.80%:4.27%:1.93%

M

Terpolymer D
(d) [PI:[E]:[B]= 92.90%:4.89%:2.25% "
____,_.J ’ JL JL‘___L bh. A ul

T T D T R e T

I _JLJ'L L |

Terpolymer C

[P1-[E]:[B]= 89.70%:4.39%:5.90%

:

2 30 28 26 24 22 20 18 16 14 12 10
13C NMR (ppm)

Figure 3 The 100 MHz "°C NMR spectra of terpolymers A, B, C and D at 120 °C
(a) terpolymer A (ca. 90.80 % 1-propylene, 3.52 % - ethylene, 5.72 % 1-butene);
(b) terpolymer B (ca. 93.80 % 1-propylene, 4.27 % - ethylene, 1.93 % 1-butene),
(c) terpolymer C (ca. 89.70 % 1-propylene, 4.39 % - ethylene, 5.90 % 1-butene)
and (d) terpolymer D (ca. 92.90 % 1-propylene, 4.89 % - ethylene, 2.25 % 1-butene).

The expansion of the 00 methylene carbons (at 6C =29.96 ppm) and methine carbons (at 86 =30.85 ppm)
from the "®C NMR spectra of terpolymers A, B, C and D shows in Figure 4. The 00 methylene carbon appears in
terpolymer A and C but slightly detected in terpolymer B and D. The evidences suggest that terpolymer A/C and

terpolymer B/D could be produced with the similar processing condition.
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Figure 4 The expansions of the 00 and CHPPE regions from the 100 MHz "*C NMR spectra of terpolymer A, B, C and D.
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Table 1 The chemical shift assignments of terpolymers A, B, C and D.

Region Peaks | Carbon | Polymer sequence 3C (ppm)
No. Terpolymer A |Terpolymer B |Terpolymer C |Terpolymer D
M 73 aa B, BPPB 47.06 - 47.01 -
72 ao B, PPPPPPP (xmmmx) 46.91 - 46.86 -
71 aa B, BPPP 46.75 46.75 46.70 46.70
70 oo By PPPPPPP (xmmmx) 46.62 46.62 46.57 46.57
69 ao B PPPPPPP (xmmmx) 46.51 46.51 46.46 46.46
oo Bl BPPPPB
68 oo Bl PPPPPB 46.48
67 oo By PPPPP (mmmm) 46.45 46.45 46.40 46.40
66 ao B, PPPPP (rrm) 46.28 46.28 46.22 46.22
65 aa B, PPPE (m) 45.99 45.99 45.94 45.94
64 ao B EPPE (m) - 45.72 45.69 45.69
L 63 aa BB, BPBP 43.63 - 43.58 -
oo BB, PBPB
62 ao BB, BBPP 43.33 43.33 43.28 43.27
aa BB, PPBP (m)
ao B1B, BBPB
aa BB, BBPE
61 oo BB, PBPE 42.92 42.92 42.88 42.88
aa BB, EBPP
60 oa BB, EBPE 42.57 42.57 42.49 42.48
K 59 ao B, PBBP (1) 40.24 - 40.19 -
J 58 ay B, XPEPX 38.24 38.24 38.21 38.21
57 oy By XPEPX 38.00 38.01 37.97 37.97
56 ay B, XPEPX 37.91 37.91 37.89 37.89
55 ay By XPEPX 37.88 37.89 37.85 37.85
54 ay By PPEPP (m) 37.84 37.85 37.81 37.81
ay By PPEPP (m) - 37.80 37.76 37.76
53 ad B, PEE - 37.42 - -
52 ad Bl PEE - - 37.38 37.38
51 ad B, PEE 37.33 37.33 - -
50 ad By PEE - - 37.27 37.27
| * unsual structure 36.10 - - -
49 CH PPBPP 35.26 35.26 35.21 35.21
48 CH XPBPX 35.23 35.23 - -
47 CH PBB 35.19 - overlap overlap
H 46 oy BEB 34.48 34.48 34.42 34.42
G 45 CH EPE - 33.24 33.24 33.24
* unsual structure 32.17 - - -
F 44 CH XPPEX 30.90 30.90 - -
CH XPPEX - 30.85 30.86 30.86
CH XPPEX 30.77 30.77
E 43 35 (EEE), 29.96 - 29.96 29.96
D 42 CH PPP (xx) 29.02 29.02 28.96 28.96
41 CH PPB +BPB 28.90 28.90 28.85 28.85
40 CH PPPPP (mmmm) 28.86 28.86 28.80 28.80
39 CH PPPPP (mmrr) 28.80 28.80 28.73 28.73
38 CH PPPPP (mmrr) 28.77 28.77 28.73 28.73
37 CH PPPPP (mmrm) 28.66 28.66 28.62 28.62
36 CH PPPPP (rmrm) 28.54 - - -
35 CH PPPPP (rrrm) 28.46 - 28.48 -
34 2B, PPBPP 28.27 28.27 28.25 28.25
33 2B, BPBPP 28.24 overlap 28.22 28.22
BPBPB
32 2B, XBBPX 28.07-27.98 | 28.03-28.0 | 28.05-27.96 | 28.05-27.97
31 B3 EPEE 27.49 27.49 27.46 27.46
30 BS PPEE 27.26 27.26 27.25 27.25
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Table 1 Continued.

Region Peaks | Carbon Polymer sequence 3C (ppm)
No. Terpolymer A |Terpolymer B |Terpolymer C|Terpolymer D
C 29 BB PPEPE 24.64 24.65 24.63 24.63
28 BB XPEPX 24.58 24.58 24.56 24.56
27 BB PPEPP(m) 24.51 24.51 24.49 24.49
26 BB PBEBP 24.29 24.29 24.25 24.25
B 25 1B, PPPPP (xxxx) 21.98 21.98 21.97 21.97
24 1B, PPPPP (mmmm) 21.81 21.81 21.80 21.80
23 1B, PPPPB 21.79 21.78 21.77 21.77
22 1B, BPPPB+PPPPP (xmmx) 21.75 21.75 21.74 21.73
21 1B, PPPBP 21.69 21.69 21.68 21.68
20 1B, BBPPP+PBPPB 21.66 21.66 21.65 21.65
19 1B, PPPPP (xmrx) 21.63 21.63 21.61 21.62
18 1B, PPPPP (xrrx) 21.58 21.58 21.56 21.56
17 1B, PBPBP 21.56-21.51 | 21.56-21.52 21.55-21.50 21.55-21.50
1B, PPPPP (xmrx)
16 1B, XBPBX 21.46 21.46 21.46 21.46
15 1B3 XBPBX 21.39 21.39 21.38 21.38
14 1B, PPPPP (xrmx) 21.02 21.02 21.00 21.00
13 1B, PPPEP 20.89 20.89 20.88 20.88
12 1B, XPPEX 20.86 20.86 20.85 20.85
11 1B, XPPEX overlap 20.84 20.83 20.83
10 1B, XPPEX 20.76 20.77 20.75 20.75
9 1B, XPPEX 20.71 20.71 20.69 20.69
8 1By PPPPP (xrrx) - 20.01 20.00 20.00
7 1B, PPPPP (xrrx) 19.87 - 19.86 -
* unsual structure 18.49 - - -
A * unsual structure 11.46 - - -
6 1B, EBE 11.20 11.21 11.21 11.21
5 1B, PPBPP 11.06 11.05 11.05 11.06
4 1B, XPBPX 11.04 11.04 11.04 11.04
3 1B, BBE+ XPBPX 11.02 11.01 11.01 11.01
2 1B, PPBBP 10.98 10.99 10.99 10.99
1 1B, XPBBX 10.96 10.96 10.96 10.96

X are ethylene, propylene or butene monomer units
X are meso(m) or racemic(r)

*Unusual structures are unexpected structures that could be produced by the degradation process or unexpected reactions

3.4 gHSQC, gHMBC and gHSQC-TOCSY 2D NMR spectra of poly(ethylene-co-propylene-co-butene)

2D NMR phase-sensitive gHSQC spectrum (between 601 10-50 ppmand 6H =0.7-1.8 ppm) of terpolymer
A obtained at 400 MHz instrument shown in Figure 5. The gHSQC spectrum provides one bond correlation between
'Hand directly bonded *C. The methine (CH)/methy! (CHs) and methylene (CHZ) carbons can be easily distinguished
in the phase-sensitive gHSQC spectrum. The red color cross-peaks are from the methine/methyl carbons and the
blue color cross-peaks are from the methylene carbons. The expansion of the corresponding region from the 1D
'H and "°C spectra are displayed on the left side and on the top of the 2D spectrum. The 2D gHSQC spectrum as-
signments initially were made based on literature "', The correlations from gHSQC, gHSQC-TOCSY and gHMBC

spectra help to confirm most of the assignments, corrections and new assignments of the resonances.
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Recently, multidimensional NMR has become a powerful method for studying the tacticity of polymers. The
differences in the chemical shifts of the OLOL methylene protons in meso and racemic structures are the key for
investigating the stereo-sequence assignments. In a meso (m) structure, the two OLOL methylene protons are not
identical, thus two methylene protons resonances are observed whereas in a racemic (r) structure, the two OLOLU
methylene protons are approximately identical and therefore only one methylene proton resonance is observed. In

this work, the tacticity of poly(ethylene-co-propylene-co-butene) terpolymers were successfully assigned.

oadd
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Figure 5 The gHSQC spectrum of terpolymer A.

Figure 6 shows the expansion from the gHSQC spectrum of terpolymer A obtained at 500 MHz between 80
=40-47 ppm and SH = 0.8-1.6 ppm. These cross-peaks are assigned to OLOL methylene of PBBP (cross-peak a),
XBPX (cross-peak b/b’,c/c’ and d/d’), and XPPX (cross-peak e/e’, f/f and g/g’), monomer sequence, respectively
(X are B or P unit). The OLOL methylene protons of PP and PB centered dyads are resulted in difference proton
resonances (cross-peak b/b’ to g/g’). It is indicated that terpolymer A contains mainly meso structure. However, the
OLOL methylene protons of BB centered dyads (cross-peak a) contribute to a single proton resonance of equivalent

methylene protons and, thus this peak is assigned to the racemic structure of PBBP monomer sequence.
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Figure 6 The expansion from the gHSQC spectrum of terpolymer A in the OLOL methylene region obtained from 500

MHz instrument.

Figure 7 shows the expansion from the gHSQC-TOCSY spectrum of terpolymer A in the OLOL methylene
region of XPBX monomer sequences obtained from 500 MHz instrument. The gHSQC-TOCSY spectrum shows one
bond proton-carbon correlations (cross peaks in blue area) and the correlations onto neighboring protons within the
same spin system. The chemical structures show the connectivity in this region is displayed on the top of the 2D NMR
spectrum. Cross-peaks a/a’ arise from the C-H correlation of OLOL methylene from PPBP monomer sequence. These
protons show correlation to 182 (cross-peak b), OLOLXPPx (cross-peaks c/c’), 282 (cross-peak d), CHPBP (cross-peak
e) and CHPPB (cross-peak f) protons, respectively. The correlation of these protons to neighboring OLOL methylene
protons from PB dyad could not be seen in this experiment due to the overlapping of HSQC and TOCSY cross-peaks.
These evidences suggest that PPBP monomer sequence has a meso-centered stereo-sequence.

Cross-peaks g/g’arises from the C-H correlation of OLOL methylene from PPBB monomer sequence. These

protons show correlations to 1 B2 (cross-peakh), OLOLXPPX (cross-peakifi’), 2B2 (cross-peak ), CHPBP (cross-peak e) and

CHPPB (cross-peak f) protons. Itis indicating that PPBB monomer sequence contains meso-centered stereo-sequence.
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Figure 7 The expansion from the gHSQC-TOCSY spectrum of terpolymer A in the OLOL methylene region of PPBP and PPBB

monomer sequences.

The complete assignments of 2D NMR spectra of polymer A, B, C, and D were made by using the

methodology similar to that described above.
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4. Conclusion

In this work, it was demonstrated that the combination of 1D and 2D NMR experiments, including 'H, "°C, gHSQC,

gHMBC and gHSQC-TOCSY, permitted the characterization of the complex microstructure of poly(propylene-co-

ethylene-co-1-butene) polymers. These results confirm most of chemical shift assignments in the literatures. Newly

resonances also found and assigned in this work. The differences in the chemical shift of the OLOL methylene protons

in meso and racemic structures were the key for investigating the stereo-sequence assignments. The completed

3C NMR assignments permitted more accurate quantitative analysis of the microstructure in these polymers. The

NMR data suggest that terpolymer A/C and terpolymer B/D could be produced with the similar processing condition.
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Method for determination of phthalate contents in PVC plastic toys

using gas chromatography/mass spectrometry
astlsenn Aslenie’™, Aneunn gossns™

UNAAED

N12ANE3TNAdeLMILINIUNNLAR (Phthalates) 4 B3m lAuA Dibutyl phthalate(DBP), Benzyl butyl
phthalate(BBP), Di (2-ethylhexyl) phthalate(DEHP) waz Di-n-octyl phthalate(DnOP) lreauiidunaafnTinfaa
(Polyvinyl chloride, PVC) tnaimatiaudalasunnnslunaaidningiuss éhLﬁuma‘muﬁﬁ?{ﬂ%umrﬁ%mmﬁm CPSC-
CH-C-1001-09.03 itathan ¥ lunsmageyusetnaeasuiiilunanainsfinfiiasely anuanisinsnudindinagey
Hnapaniiudunsaes DBP, BBP, DEHP waz DnOP agflutas 0.02-10.0 Tulasniusefiaddans uazr1@naninnig
A3997A289 DBP, BBP, DEHP Wwaz DnOP {A1iriL 0.01 SesaTngtinmin daudndas ianismssannBunnaes DBP,
BBP, DEHP uaz DnOP SAiviniiv 0.02 Senazlatrinin lnsmsifinansazasunnsgiumian lsmendulsens
nauAWIRY DBP, BBP, DEHP Waz DnOP Tnaatludadasas 83-91, 86-117, 74-871aY 94-126 ANNAAL ULATHAIANN

deauunnsguduingagsendnddenas 1.1-7.4 Svag unusiniseeniu Falawmnzuinislaunndngdseasd

Abstract

Method for determination of Phthalate; dibutyl phthalate (DBP), benzyl butyl phthalate (BBP), Di (2-ethylhexyl)
phthalate (DEHP) and Di-n-octyl phthalate (DnOP) in plastic toys was investigated by gas chromatography/ mass
spectrometry using the modified method based on CPSC-CH-C-1001-09.03 prior to the use in routine work. The
results showed that the linearity range of DBP, BBP, DEHP and DnOP was 0.02- 10 ug/mL, the detection limits of
DBP, BBP, DEHP and DnOP was 0.01 %w/w, and the limits of quantitation of DBP, BBP, DEHP and DnOP was 0.02
%w/w. Percentage recovery of DBP, BBP, DEHP and DnOP by spike phthalate standard substance were 76-93,
125-129, 72-87 and 89-130 respectively. Range of percentage relative standard deviation was 1.1-7.4, which was

within the acceptance range. Therefore, this method was fit for the intended use.
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Keywords : Phthalates, Gas chromatography/ mass spectrometry, Toys
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2. 98015948 (Experimental)
2.1 gunsiuazansiai
isaaufialasunTnnsw unaawninsiuss (Agilent Model 6890N Gas chromatograph/ 5975 Mass selective
detector) AedTlE Aa HPSMS (J&W Scientific) duenuANINA19N18 1 0.25 NAALIAT AINED 30 AT AN
gaildu 0.1 lulasims WuRaddeuduufasomn lushsnisluagewda 1.0 Aadansewd gumgfinedindEuu
7l 50 avrnaidea waan 1 Wil RuguuiFaasnm 30 asrngaidarieund aullgnugfiie 280 asAgades
anuiugnniifandnm 15 asrgaGuasaunil aulnunite 310 asrgadon Wunan 4 wnil fegnmnd
284 Injector Wil 290 asAniTaLdaa dauAmAAesHagMg lon source WinfL 230 asAiAEEa Quadrupole 150
paAIALdad waY Transfer line Winri 280 asAma@ed luluun1e9n1sRsIadn Selected lon Monitoring (SIM) wa
Full Scan 114 SIM mode wazlduaatnags (reference mass) FaugalunnaeT 1 uazdag Full Scan 7t 50-700 amu [4]
a1911m3gIUunan 4 iia Hun DBP, BBP, DEHP Wway DnOP fi%e AccuStandard Catalog No.M-8060 Tl
aaunaUl&lilse NIST Test No.822/272103-05 dau Internal standard Aa Benzyl benzoate (BB) azfannazans laun
Tetrahydrofuran(THF), Ethanol waz Cyclohexane 114 AR grade

Table 1 List of the phthalates used in the study

Name CAS. No. Mol wt Target ion Qualifier ion 1 Qualifier ion 2
Dibutyl phthalate, DBP 84-74-2 278.4 149 105 223
Benzyl butyl phthalate, BBP 85-68-7 3124 149 91 206
Di (2-ethylhexyl) Phthalate, DEHP 117-81-7 390.6 149 167 279
Di-n-Octyl phthalate, DnOP 117-84-0 390.6 279 149 150
Benzyl benzoate, BB* 120-51-4 212.0 105 91 194

* Internal standard
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DBP, BBP, DEHP uaz DnOP aauiiindy 1.0 lulasniuseNadans At nseiagAreauRalasunnnam
waanTnswss TneiBunauansian 1 llasans evnaninziimunzay Inal¥ Injection mode oy 2 Tuuada
Split 20:1 wag Splitless, pulse injection ﬁm’mﬁu 35 psi luaan 0.5 Wi

2.2.1.2. MsRnENgnazaeensaiadetalne i mrnaaesa i uansneiy Taataimingantng
50 faAnFH wax 100 Radan3u asluanauinatafeting Fin THF 5 Taaans aslusaetng udaiinly sonicate Tnaedes
eidanslaiau 1 4alue AnREneuTad PVC WWae3 Taenaiiin Ethanol 10 fiadans e uaviivliatnatias
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%phthalate = [(C x V x D)/ (W x 1000)] x 100
= ANLINDUDY Phthalate ﬁ'lﬁmnns’uﬂmmgw, pg/mL
= Usumsgmaing, mL

= Dilution factor

s O < O

& o o ' o) o
= WninA2ag1en lE, mg

2.2.2. MIANHIANNANIAGANNATDIID
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4. NAWAZIANTS (Results and Discussion)
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Table 2 Linearity range of the method of phthalates determination in plastic toys [5]

Name RT (Min) Range of Linearity (ug/mL) Correlation coefficient (r)
Dibutyl phthalate, DBP 7.68 0.2-10 0.9987
Benzyl butyl phthalate, BBP 8.87 0.2-10 0.9999
Di (2-ethylhexyl) phthalate, DEHP 9.40 0.2-10 0.9994
Di-n-Octyl phthalate, DnOP 9.93 0.2-10 0.9990
Benzyl benzoate, BB 7.04 1 1S
Table 3 LOD and LOQ study of the method of phthalates determination in plastic toys
Parameter DBP BBP DEHP DnOP
(n=10) (n=10) (n=10) (n=10)
Mean of blank sample, %w/w 0.0056 0.0091 0.0101 0.0030
Standard deviation (SD) 0.0004 0.0004 0.0005 0.0005
Limit of detection (LOD), %w/w 0.01 0.01 0.01 0.01
Limit of quantitation (LOQ), %w/w 0.02 0.02 0.02 0.02
Table 4 Precision and accuracy study of the method of phthalates determination in plastic toys
Concentration of DBP BBP DEHP DnOP
Parameter
Spike (ug/mL) (n=7) (n=7) (n=7) (n=7)
0.2 3.1 1.1 3.4 2.1
Precision as %RSD 2.0 1.8 2.1 2.5 3.8
10.0 1.2 4.0 3.8 7.4
0.2 83 117 87 126
Accuracy as %Recovery 2.0 91 87 7 95
10.0 86 89 74 94
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5. @1 (Conclusion)
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Method validation for determination of lead and cadmium

in natural water using flame atomic absorption spectrometry (FAAS)
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Abstract

The method validation for determination of lead and cadmium in natural water, i.e. deep well water, rain
and river water was investigated by flame atomic absorption spectrometry using the modified method based on
AWWA 21% Ed., 2005 prior to the use in routine work. The characteristics of the method showed that the linear range
of lead (Pb) and cadmium (Cd) were 0.1 — 1.5 mgL™" and 0.02 - 0.5 mgL", the detection limits were 0.02 and 0.005
mgL™”, and the limits of quantitation were 0.1 mgL™ and 0.02 mgL™, respectively. Percentage recovery of lead and
cadmium were 91-110% and 98-105% respectively. Relative standard deviations for both elements were between
0.8-3.2. The percentage recovery and relative standard deviation were within acceptance limit. In addition, the per-
centage measurement uncertainties at 95% confidence level of cadmium and lead were less than 15% throughout
concentrations of working range that subjected to the target uncertainty. Therefore, this validated method was fit

for the intended use.
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1. Introduction

Although water has the simple formula HZO, it is a complex chemical solution. “Pure” water essentially is
nonexistent in the natural environment. Natural water, whether in the atmosphere, on the ground surface, or under
the ground, always contains dissolved minerals and gases as a result of its interaction with the atmosphere, minerals
in rocks, organic matter, and living organisms. One of the most importance problems in water is contamination of
heavy metals such as lead and cadmium. Lead and cadmium are known to be toxic agents that accumulate in the
living organisms and present high-toxic potential over a lifetime [1, 2]. They may enter the organism via the alimentary
and/or respiratory tract, and the main non-occupational sources of these metals are foodstuffs, drinking water, and
air [3]. Other important lead and cadmium sources in foodstuff and environment are the intense industrial activities
leading to a pronounced increase in the concentrations of several heavy metals in natural water, soils, and plants
[4]. Biological interest in lead and cadmium has centered mainly on their properties as highly toxic cumulative poison
in humans and animals [5]. As a consequence, efforts towards the development of more effective, cheaper, faster,
preciser, and more accurate approaches for the determination of these metals in biological and environmental ma-
terials have been increasing. The most popular instrument which is used for determination of these metals is flame
atomic absorption spectrometry (FAAS). The validation of the analytical methods has become a basic prerequisite
for laboratories that work in official biomonitoring control and risk assessment. However the validated methods in
a laboratory should be checked and revalidated whenever they are adopted by another laboratory. The aim of this
study is to validate a method of analysis of lead and cadmium in three types of natural water, (including deep well
water, rain, and river water) using flame atomic absorption spectrometer, which is the modified method based on

the method described in AWWA Edition 21%,2005,[7].

2. Experimental
2.1 Apparatus and reagent

2.1.1. A Varian (Mulgrave, Vic., Australia) Model Spectra AA 220 flame atomic absorption spectrometer
was used for the analysis. The operation parameters of instruments for lead and cadmium were set according to
the manufacturer recommendation.

2.1.2. All chemicals were of analytical-reagent grade (Merck). Distilled-deionized water (Milli-Q Millipore
18.2 MQcm™ resistivity) was used throughout the experimental work.

2.1.3. Laboratory glassware was kept overnight in a 10% v/v nitric acid solution and then rinsed with
distilled-deionized water.

2.1.4. Working standard solutions were prepared fresh daily by appropriately stepwise dilution of stock
standard solution of lead and cadmium (1000 mgL™ in 0.5 molL™ nitric acid) with 1% (v/v) nitric acid. Stock solutions
of lead and cadmium used for checking accuracy of the proposed method were prepared from cadmium standard

reference material NIST SRM 3108 and lead standard reference material NIST SRM 3128, respectively.

2.2 Sample handling and preparation
Natural water samples (deep well water, river water and rain) were collected and immediately filtered through
0.45 micrometer precleaned membrane immediately after sampling, and were acidified to pH 2.0 with nitric acid
and stored in polyethylene bottles prior to analysis. The bottles were previously washed with the 10% v/v nitric acid

afterward with distilled-deionized water and sample respectively.
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2.3 Analytical procedures
2.3.1. Digestion procedures
A 100 mL well-mixed, acid-preserved sample was transferred to flask. In fume hood, the sample solu-
tion was added with 1 mL conc. nitric acid before slowly boiled and evaporated to the lowest volume possible before
precipitation occurs (about 10 to 20 mL). The flask was left cool then it was washed down with distilled-deionized
water and filtered through filter paper. The filtrate was transferred to a 100 mL volumetric flask, adjusted with distilled-

deionized water to mark, and mixed thoroughly. Portions of this solution were aspirated to FAAS.

2.3.2. Flame atomic absorption spectrometry analysis.
The instrumental parameters with operational conditions for lead and cadmium were summarized in
Table 1. A blank consisting of deionized water containing the same concentration of acid in standards and samples
was aspirated to the FAAS for zero setting. Mixed standard of lead and cadmium for calibration curve were measured
for absorbance. the sample solution was measured and the concentration was read directly from the instrument and

as the sample has been pre-concentration, the sample was multiplied by the appropriate pre-concentration factor.

Table 1 Instrumental condition for flame atomic absorption spectrometer

Element Wavelength (nm) Slit width Lamp current Air flow Acetylene flow Aspiration flow
(nm) (mA) (Lmin™) (Lmin™) (mLmin™)
Lead 228.8 1.0 10.0 13.50 2.00 4.0
Cadmium 217.0 0.5 4.0 13.50 2.00 4.0

2.3.3. Validation of analytical method
The characteristic parameters of the analytical methods, following the recommendations of EURA-
CHEM guide [6], included the limit of detection (LOD), limit of quantification (LOQ), linear range, precision, accuracy,
recovery, matrix effect and uncertainty were determined for each metal by using fortified sample and reagent blank.
The limits of detection and limits of quantitation were studied by measurement of 7 independent
sample blanks. LOD was mean of sample blank values plus three standard deviation while estimated LOQ was
mean of sample blank values plus ten standard deviation.
The range of linearity was evaluated by checking the correlation coefficient (r) of the calibration curve
that was considered acceptable when r 0.995.
The accuracy and precision were done by analyses samples which spiked with the right amount of
standard solutions of lead and cadmium in three different levels of concentration (mgL™) in a single batch according

to Table 2 and concentration of level 1 was LOQ.
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Table 2 Concentration of fortified samples for accuracy and precision study (mgL™)

Element Level 1 Level 2 Level 3
Cadmium (Cd) 0.02 0.10 0.20
Lead (Pb) 0.10 0.50 1.00

The analytical repeatability was calculated using the relative standard deviation for 7 independent
samples. The recovery was calculated as 100 C/spiked concentration where C is the element concentration found.
An acceptance limit between 90 and 110% was considered as valid according to the criteria described in AWWA
Edition 21*, 2005 [7].

Moreover, the matrix effect was studied by plotting a curve between absorbance (y axis) and con-
centration (x axis) of fortified samples in three different levels of concentration then compared the slope with slope
of calibration curve.

To demonstrate the quality of the results produced and its fitness for the purpose measurement
uncertainty was estimated. All possible sources of uncertainty were identified which is shown in figure 1. Uncer-
tainty values in Table 3 are expanded uncertainty, at 95% confidence level with coverage factor, k, of 2. Combined
standard uncertainties on the final results were obtained by propagating together individual uncertainty components
according to the ISO/GUM [8].

Concentration of

standard 4 standard 3 sample
inetie Previous  pipette previous residual standard
PP S Gnton P gilution deviation
reference volume reference volume ;
standard standard J—_ Y axis
X axis
pipette —> pr_evi_ous pipette — previous
dilution dilution
reference reference
standa::andard , volumel.b ] - ctandard volume Cd & Pb
calibration blan 1
standard 1 (mgL™)
tolerance tolerance —_ tolerance n
final (_L'”' 12 tolerance natural water

volume volume

v

temperature
effect

initial
volume

volume
temperature
effect

temperature

temperature effect

effect

Volume blank Precision Volume sample

Figure 1 Cause and effect diagram for the determination of lead and cadmium in natural water
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3. Results and discussion

The overall performance characteristic of the method proposed is summarized in Table 3 and 4. Correlation
coefficients of lead and cadmium calibration curves were better than 0.995. The validation results of present method
were evaluated; the recoveries of analytes spiked into water samples were within the acceptance of 90-110 % as
shown in Table 4. Good agreement was obtained between the added and analyte recovered content using the
experimental procedure, thus confirming the accuracy of the procedure. For both elements analyses, percentage
of relative standard deviation for repeatability (%RSD) did not exceed the limit of 8% and the expanded standard
measurement uncertainties were subject to the target measurement uncertainty of 15%. The matrix effects shown
in Figure 2 which showed that the slopes of fortified samples were not different from calibration curves for both ele-

ments indicated that there were no matrix effects.

Table 3 Analytical characteristics of the proposed method

Parameter Cadmium Lead
(n=7) (n=7)
Limit of detection (LOD), mgL™ 0.005 0.02
Limit of quantitation (LOQ), mgL” 0.02 0.1
Linear range, mgL” 0.02 - 0.50 0.10-1.50
Precision as %RSD (max) 3.2 3.2
% Measurement uncertainty 12.5 4.84

Table 4 Determination of lead and cadmium in natural water samples (n=7)

Concentration of Deep well water River water Rain
metals
Found Recovery Found Recovery Found Recovery
(mgL™)
(mgL™) (%) (mgL™) (%) (mgL™) (%)
Cd
0 0.00 - 0.00 - 0.00 -
0.02 0.02 105 0.02 100 0.02 98
0.10 0.10 101 0.10 101 0.10 99
0.20 0.20 100 0.20 100 0.20 99
Pb
0.00 -0.10 - -0.01 - -0.01 -
0.10 0.11 110 0.11 110 0.10 95
0.50 0.53 106 0.54 107 0.48 95
1.00 1.02 101 1.03 103 0.98 98
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Figure 2 Comparison of matrix fortified samples versus standard curve of cadmium and lead analysis in natural water.

4. Conclusion
The validated method presented in this paper is fit for the intended use. Therefore the test method can be used

for routine work and monitoring natural water quality in any places which will improve the quality of life of people. In
addition, the content of lead and cadmium in the natural collected in Ang Thong Province, Thailand were determined
using this method and it was found that the concentrations of both metals were lower than the limits specified by
Thailand standard of water [9].
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Abstract

In this study, the changes in impact strength of two types of plastics due to natural outdoor exposure were
investigated. Determinations of impact strength of the materials weathered at Bangkok, Thailand exposure site were
performed every three months for a period of one year. It was found that each material had different patterns of the
changes in theirimpact properties. Impact strength values of poly(acrylonitrile-butadiene-styrene) decreased highly
in the first three months and the decreases were gradually slow down afterward. At 317 days of exposure time, impact
strength retention was 50%. Polycarbonate, another type of plastic, had the decreases in impact strength values
less than 10% of the original value during the first 6 months of the whole exposure time. When the exposure time
approached 233 days, impact strength was close to 50% of its original value. Starting from the ninth month, impact
strength was lost more than 80%. By using the information obtained in this study, poly(acrylonitrile-butadiene-styrene)

could then be assessed as being a more durable material to outdoor environment exposure than polycarbonate.

ANRNATY  : NAARN

Keywords : impact strength , outdoor exposure , plastic, polycarbonate , poly(acrylonitrile-butadiene-styrene)

T*NININYIANARTLINNT

*Email address: Isiriwan@dss.go.th

Bulletin of Applied Sciences
Vol.1No.1January-June 2012

37‘



1. uNUI (Introduction)

taquiuliinistiwanainundmiundndouaisine enauwnuiantszinnldualanziuednsunsvane i
HaNNAINanRTasnaainTudtinmin 1A Aruamuseansall Tlaufinisneuauassaniseanuuuiuade 1Ha
ndn lusuaun@admusiinaniunadszinngadiunisifuniaueneiaisiaaenie wu iuatn Uszguiising aud-lax
Indyoyrnuuazilnganmas salunisdudanuaninzuanien delsenaufaauseaniing uiduuazuaiis aafuddvan
d qhy e o - s d e A v .
weelils uazifuanmguesniadasuulasantifaesnanasin Ndsnasedss@nsnimuazangnisliau Waengnisld
NuIBINARTUTINANaANduae Toyrnazauunfifedymasznatainiansanianidn sanlutemonulaifuaily
nslindsnuuazingaundatateariaunian nsdnAuAmUsagnIziondantasnarainfiafiunislae 1

- \ > 2 ea o | o a = 2 o Ny o oy S
wiraaiean1azluliesdiimnis Inelfunasinfinuaanenuazganasanias idennsenldinailunimasesdundinig
Ansnaassluaniaziandanads (natural outdoor) wiinai lienaliduiusiungAnssuiuiiaseaesdan lunisldeuiin
wanlfaniazluninssllmunzan ssdunsdlaaswad (avasla lulass-doniladu-alsiw) vinlEaudnsesuaslunig
eanmnzgendnuasusssnanmnnfull mm‘lmnm@@ﬂsnmuimLm\‘mmmmmumummnm\‘u,l,mwmmwummmi
Aneendindiuiiszavanadluainia i linailiunnsneannuadi Aatunneliudesssueni
a o d’l v % a =2 dl % lﬂl J 1 ‘i’

mddeildannzuandenasslunisAneniaidfsuulasesnanusituusanszunn Nezezinatsiie] ugeanan nil
= a o a % U a a & Aa = = a 'y d‘ v a
Taaswanainanuiuaesaile 1Hun wad(azrslalulasa-Toniledu-alstw) waznadaniuaiun alflsiliuaanunu
FlaANNZUIARNTBITAATTNNNAN T

2. A8n159]¢ (Experimental)
2.1 IngAy
2.1.1. nangintianad(azeslalulnsd-danladu-alssw) (ABS) insa R
2.1.2. WaNARNIIANAAASLBLLA (PC) inae eyl
22 qilnsal pzasile
221, 1AIINARELAMNAULINITUNNILUARWMALA (pendulum) 14 7116 299131 Yasuda Seiki A17iA
2.2.2. §laUIUIA 2 UAY 11 98
22.3. Lﬁdﬁl"a\m'}ﬂ%”uwmﬁﬂ‘]_lLL@:SL‘]_IﬁmgﬂﬁfJ V 5a3l 0.25 Hadluns (type A)
224, |03 - lulnsfiaes (micrometer) uazladaina (dial guage) ANNAZIAEA 0.01 NARNAT
2.25. prunsadmiunsdunagernanaui fiaanuanades 3°76' [1]
2.3 2sanwiung
2.3.1. ﬁﬁwmmﬁﬂmﬁmﬁhﬂ mﬁmﬂu%”uwmmuwmaﬁﬂgﬂmu TUIANAN X 819 X WU = 10 TAFINAT x 80
TARLURAT X 4 mmum [2] mummmm mmummavmmu
2.3.2. mnmummaummwmmnmq gyl v- notch zm 2 mmmm
23.3. SAAMUNANRIMANAINITLAN memwmmmmﬂmw@wuwmmu Inelfladainauazlulag Jimef
ANNANAL
2.3.4. ﬁﬁ”ummmwﬁwmiﬂmmmummﬁwmmﬂmmﬂLmumﬁ"’ﬁ [3] ﬁ@mmﬁ 23°C Ineniunaaenldi
Fnufiisesiunniiudinndiou (edgewise direction) ANUINLAIAYINANUIINTZUNN lUnae N Iaqasan1T1aNa s
2.3.5. ﬂmumm@uaﬂmmwma@”hn‘umvl,lmqmmmwﬂuwmm@u‘wmhnm\aLm (LuA1ANNIE1ANITRINTH
INYNANARTLENNT NFUNNNUIUAT, azRqn 13°73 N) Tnenfuszunssliniedials Tusumied lFfuuaaunafiufinann
Ju UsAannanvesanAsvizefiuls
2.3.6. mfam%yuwMfauwmmﬁna@nmn@qﬂﬂmﬁmﬂ;m NN ANNREY Tfinmsuasuuaseddunagey
udaAnliunngande 2.3.4 ﬁwaﬁywumugm
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3. NALAZIATD (Results and Discussion)

HANINARELINAN AAE LN SN TRINANSRNT AT ‘wmummmmmmmmmuLﬂuiwwf;mmﬂ
LaneluaNINaR 3-1 4 3-2 annsanImagey axdivlidnanaRniasaliafinunuunsTInaaAasiienani
WlunamageUuuiy suilunaannindenanminguas (photodegradation) LLmﬁ@é{a’Lu@mmmm@@uﬂuj $93
i 1un 1. gounni ?ﬁqmmmLé\ifé”mmmﬂﬁmﬂﬁﬁ?mLﬂﬁ‘lﬁmmmwmwmmﬁﬂ (14 @faﬂ%m%u) 2. ANEU SRR
mam?u'@uimﬂum‘mL@ﬂ@ﬂumwmmﬁﬂ fanalitmanaAniAanimmauazaeasa funnsseliifasm (crazing) uaZ7atIUAN
(cracking) 3. vinely sm‘wﬂummﬂgmmia‘[mﬂmmmwmmmnmumwa@Lfa”Lm NARANTLALURA LL@‘”W@’]'N&]H‘HH@@H“] TH
4. nadiluenia fernanadila it imussdanaasenfing mmlwﬁmmmmamuumiaﬂmewu

mx‘uauma‘mammwim*ﬂLmemqﬂmum%mLLmqmﬂgﬂﬂﬂlquL@qmmwmmmmm fidandnlastuses (chro
mophore) Wi 2auIuazlsungn wyansueiia (C=0) wylalasulefeanlds (ROOH) uazWusze WsAINARLEN
anstudieuiifulans LarAYAYARFTIMAE9NNNIYLAUNNTHER mmsﬁuwﬁwmmmm ﬂmmﬂu‘ﬂumﬂ@ﬁmm:ﬁuﬁ@
WIRANAATY (free radical) TneushAaBassTIRnIL a0 R A AR AsYa 'auj an lﬂLaﬂﬂj@uﬂqwmimmimma
nsrunuNs R AedesuusAadasy WunszusumsmaiAndlneuas (photo- physical process) ¥38NTLLAUNING
wRlALILAS (photochemical process) ﬁﬁﬂﬂzj;m@Lﬂ?ﬁlﬂuuﬂmim\m”mwmwfmmﬁn AidaaliAnn s Asunlpeaid
Fine7) [4]

Table 3-1 Impact strength values of ABS

Exposure time Impact strength (KJ/m?)
(day) Mean S.D.
0 15.9 0.7
90 1.7 0.2
182 10.0 0.2
273 8.3 0.6
365 7.5 0.3

Table 3-1 Impact strength values of PC

Exposure time Impact strength (KJ/m?)
(day) Mean S.D.
0 92.7 4.5
90 90.9 3.9
182 85.3 1.1
273 16.2 0.6
365 8.8 6.4
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3.1 WANEANTUA ABS
AINNNIANHINLIINIIAARITBIATAINFAIUULIINITUNNTEY ABS Tutasanuihanusn Nasfadnangandngaa
B ndRINUNATinfaednNE1a9 ANgL 3-1 ANALLIINsTUNNTRINAARNTIA ABS HANMARTRHAT 50 184
ANGIIRY (Uszanns 8 Alaqasianisnammg) Wwana i lunis@nsdiuly 317 §i wenanfidsnuninasuulasaesd
= = a A , @ A o
wa9tunagey tnailasuanndmassdeududwvasads
ABS lunanaininlaseaietsznaudoaneddonilndudeiuevesiaulnss-alisulanedwes n1sasu
ulaslaseairamaniintih llgnisanazesaaniinuusenszunn Buainniafialjiseneenindulneuasludouzeme
aa = 1 -ﬂl o =S ] = ] aa = 1 2 d‘ P 1
atom lndureu lwesandnsnisdudueeseendiauludiusaaedioni laauganinlulaseainedowen (5] Idula
Tnsulafaanlad [6,7] Teavgnnsziiulnauassiadn afluushAadassNidenunssuaunsuAnWUE: LARSWIT IHAD
ansninyafuetiadinananfuenianuedn weulalaia r-uaninu isiu ushdadassnldandjiseneendindures
aa A & Ad@ ea v oo aya aca a o ) P A o g
waddanlnautiesiilluiaGusiui linaddiseneendindulasuadludaualsmusiely [8] nsulaaudresiunaasy
dunaresnisnalgizaneendindu

110

100 k. —=— mean for ABS

————— lower 95% confidence interval
------- upper 95% confidence interval

©
o

80

70

60

Impact strength retention (%)

0 50 100 150 200 250 300 350 400
Exposure time (day)

Figure 3-1 Exposure time at 50% of original impact strength value of ABS with tolerance interval

3.2 wandAnTila PC
1 v
\HunanafniiAANAILLINsEUNN AU (92.7 Rlaqasanisaumns) gandiaed ABS Nanndadinwin wud
TUTUNIADUKINNTANAILBIAIANHWUIINTZUNNTEY PC ARANITTaEAT 10 289ANGIHY AngLN 3-2 aziiuli
' P PPy = ' = o | o a a e A4 = =< ey
41 Wana i lunisAnsarauliiies 233 U AvpoansiauwsnssunnIeINa A AN T RN AR AT DA AYS

AaALARUANNANANAIBLINNTZINN At AdaRaININNTN3R8aY 80 wWazAIN1TAAUNAWILIAINRUR9TUNARDL
d‘ 1aa @) al =
wasuannla Wi Wudwaes
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aa a [ $ % % dJ =K a v % ] e a a dl %
pC AdaNuanofluansssfiusonils Reillaseaiatlsznavfosmyaniueiia uazaumuazlsundniilian
- dow L An Y 4. Y o Ay de e d
Tafusaadailugdounlasianisgnnazfulaauas nsiaA1Aufiussnszunnaes PC lunauiiinfininisinunaass
Auneung AN eulRsuulasanaseeinamin essnandunageuliniunisfisiljiseniinausawazl jisen la
Tnslatalnetilunaandaegguu daudsngnisninisiaendiludmass (yellowing) 1eswanaingtin PC H3ne411dn
\unaannisieesndndulnauasemgiauluisfueaie [9]

125 | —=—mean for PC
————— lower 95% confidence interval
------------ upper 95% confidence interval
c b TS &
=l N
& 751
@
< \
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Figure 3-2 Exposure time at 50% of original impact strength value of PC with tolerance interval

4. @91 (Conclusion)

o P % R a a a a s a a

fayaniaasuulasaasausinuusesnszimnluscazinamilklladn wanadntdaned(ezeslalulasd-doniladu-
#1F31) HAMNNUFABANIIZIIARENNINNITNANGANTIANDAANTLALLA IR ANNATULINNIE NN IBINARRNTRANER
(azpalalulnd-Tan ledu-almdn) wasnedamSualuANAUAsaaY 50 1ad9ANfIRuanan g lun1s@neewll
317 uaz 233 Ju muans fayaldneaninsiasnisnistlesiunisdesnan naesnanainiisaastiativinseein il
NUANBUBNBIANT Teanannlilaanisifinansnaduia@e (UV absorber) wiu a1sisenauiuulsiiuu (benzophenone)
[10], ansilsenauiunlalnsenlaa (benzotriazole) 1i30413AENN (stabilizer) 1w HALS (hinderd amines light stabilizer)

o

A yaa A a v o tdl 1 dl A A a o c o A dl 1Y e ¥
[11] m@h%mmummﬂfmwaummmqxm@mmqmﬂ‘ﬁmummm@mnmm dvsunsidanuinlalfesnisantRAnu

'
v a aa

Aulilfauas Asueunuanaralfluannisdenuilalunistinan iiluansgaduiade3ndsagn [12]
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Batch Modification for Glass Melting Energy Reduction
\nig Agana’, nileg nzizan’, mitessos Amsdasinua’™

UNARNE
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a

AUANNANN LT e (si0,) Timuat (Na CO)) Inlalus
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Abstract

Soda-lime silicate glass is produced from the commercial batch composing of sand (SiOZ), soda ash (NaQCO3),
dolomite (CaMg(COS)Z) and alumina (AIZOS). The batch modification is done by replacing wollastonite (CaSiOB) with
magnesium oxide (MgO) , and potassium feldspar (KAISiaos) or pyrophyllite (AI28i4O1O(OH)2) with alumina. From ther-
modynamic calculations and Batch-Free Time testing, it was found that the modification batch had a lower melting
energy (exploited heat) and higher melting ability, respectively. The modified-batch glasses also had similar chemical
compositions and physical properties comparing with the original batch. This implies that the batch modification can

reduce energy consumption and is probable to introduce into a large scale glass production.

ANEIATY WAL, N19UARNLAY , N1TARNAINNY

Keywords : Glass, Glass melting , Energy reduction
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1. unU (Introduction)

nszuaunnInaaufiauaznszantsznaulilfion nasisanuazniINandnnAL (batch and mixing) N1IUABNIANAL
(melting) mﬁyugﬂ (forming) NNTALLAR (annealing) LAYN1TATIARDLLATLIIY (inspection and packing) Wﬁqmum%
luusiaznszLaLNst A RANAN9TU NTzLaLN s ndesnuanniigeia nesuaunimaeniinvaen delindenulng
Uszanndanay 80 Teands Ui Revun ffmmﬁﬂummamLLﬁqﬁzﬁwﬁmiiﬁLLﬁ NTLLAD (Si0)), THANLaT (Na CO,) uaz
W (CaCO)) ifmmLmummﬂﬂﬂu@mmumm wia 34mfnmuwuﬁnumﬂmwmmulumwmuum SeTmgAuusiaz
mummmmiwmmuwiﬂum?mm'ﬂgmﬂﬂumqﬁmmuuw]me@ﬂmmamum@uqimm’mu [1] nsdfutlyegmsuiioag
Hudaneuilafigansaiulssangnwlunislinsenu Iﬁmmﬂﬂmmﬂwmmﬂummmumemmfmqmumﬂ@u
warndanIUFuLgagms A RinssueeedngALsEdNenIzLIUNN ALY WelimauieaiRsumsvaesaaniugou
doglfianunsaannistindesnilunisaenufa i nefufafinanlftnedesflssnauuazamand duanseannipa

mmﬁmLLﬁq*nﬁmTGnmﬁ”l,@N’Tmﬂﬁqiﬂifu‘l,%nﬂnm‘?ﬁmf;ummmimﬁmmmm%qawﬁnLwi@:fnﬁmﬂ’ﬁwﬁwﬁuﬁ@uﬁﬂLﬂ’ﬁng'l,m
vaanwia [2] wwamnamaiiudszavanmnislinseeluniaenufaluaquiwin I aensi Bunauasuioadld
Fnldiufavaenaliieuaziain 3] LLm'L‘ﬁﬂ\‘i‘ﬂWﬂﬂ']ﬁ‘l‘gﬁLﬁHLLﬁQﬁ%@@O’]ﬁQM@’mﬂj‘ﬁ’,ﬂ’]ﬁ?ﬂg\ilﬁ‘mﬁmLL@Z@mﬂ’]WﬁI@QLﬂ‘HLLﬁ’J
Priunszuaunsdauendsliainane lunsruaunisnanassmsnlideuialisianUsannmitarinis 1 2004
Carty, W. M. uazAn [4] "lﬁﬁnLmu@LLm‘vmmmmwﬁqmﬂumimﬂuimﬂmmﬂnmufj"mqﬁum”ﬂLﬁﬂlﬁlﬁmﬂﬁﬁ?m
furian Aedauiiuii nae ety laaues uay daufigamay Mgty fuyu rewasniaesdald
uaensmuiiluamaenisanansnannsindenuadls lumanues Montoya, B. G. uazAALE [5] 1&”111’1Lmummwm
nsdiulanszusuniavasuing il lsaweindgnseniy fiutu riewiia NaURizeniy neenana feananTnan
mslndenilumsvaenliiguientu warmenidsanswmudl fuuicn sesaalalud Wesuanmaneslila
wiindarunsnannasulunimaenaslifesas 10 asnrdesiunanimaaeuaNLRnIIaaNsafIeds Batch-Free
Time Tmfﬁi‘LLﬁqﬁﬂ%ﬂgqqmﬂ“\ﬁmﬁmﬁﬂi:ﬂ@umqmﬁLL@:@NUT?]%'}W]’N“]mﬁuﬁmﬁuzﬂmuﬁmau (6]

A13ANamasia launind [7]

AU EiiingAuwideinsliduiunswdeulasandmgauiuifluilews Ae exploited heat, H_
ansnAunlfiainansdaune

1. Amdseunaed AR lunisulfaudngaiuufia (batch) lhilu ieufisuazinsfigumgiiies

Batch (25 °C) —= Glass + Batch gases (25 °C) (1)
Arr = H . FH oK (2)
chem (glass) (gas) (batch)
2. Amdsnuiiinliileufiagaumgliiaduangumgiiviediegougiiniaaen AH, T gampivasusia
glass
UBIUAI
H = A +AH (3)
ex chem T(glass)

'
aa

Tunstfunlasugasufioieannassnuiu anflusiesdenldingaunnaunu NlAuEeInawasulungin
Uienanas uaz mmﬂgmmﬂmmmumamﬂmu NG AT AHC anas setudedenaliiAnaang
maqmawmmuwhmwqt@mmumﬂﬂ@amtﬂmmmmmmuiﬂLﬂuLuﬂLLm @mmiﬂma
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2. 98015948 (Experimental)
2.1 gmuﬁ"amﬂumﬁé’ﬂﬁ’mamﬂummqﬁ 1.

Table 1. Glass batch formula

Weight percent
Raw material Original batch Batch A Batch B Batch C
1. Sand 60.90 60.30 57.00 57.00
2. Soda ash (Nazcoa) 19.70 21.60 19.10 19.70
3. DoIomite(CaMg(COs)2) 18.30 - 18.20 18.20
4. Wollastonite (CaSiOS) - 12.60 - -
5. Magnesium oxide (MgO) - 4.30 - -
6. Alumina (A|QO3) 1.10 1.20 - -
7. Potassium feldspar (KAISiSOB) - - 5.70 -
8. Pyrophillite (A|QSi4Om(OH)Z) - - - 5.10

v
v v o

nsliullgegmanBauiausendnegnanasiv fugasmiinisliuily Inagms A unui Ialalusison seaanalnlus

Auunntidaseenlas daugns B uas C unui azgiudan Inunadaumadaing vze Tnlsialas smuaisu dagau

U
'

PN eLnNNIaIN 19997 140AY

2.2 NSNARBUNTUADNAIIRIIRYALLNIALIE Batch-Free Time [8]
ManAdeLANNEINNInluNIMaeNAITe batch lutinuAainsraziaa ANy TnavinnnIvaeuAELEe
131104 75 n%u‘lﬁﬂmfmf’iqﬁqmu@ 1400 °C niautiwsiaz batch (Original batch Batch A Batch B ua¥ Batch C)
1Bunny 45 N3y RideantmmagauiAnadly fauandlun1nd 1. 4019an 40 50 UAZ 60 W7 1a188NaNNIATVABNLAZTINAN

'
a

augunad 550 °C ndsanifiuaudstihniBeuiauanaimisn unisvaensazeingay

Glass batch 45 g
(Original batch, Batch A, Batch B and Batch C)

2y

>

1400°C

< =

1400°C

] Melted cullet 75 g

Figure 1. Batch-Free Time testing
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2.3 \s3anfagng Original batch Batch A Batch B wa Batch C nmsinufAayszanas 200 niu
Imwmu’tmmmwiﬂ%ﬁqmmﬁ 1500 °C 2 Falus usiaz batch °LuLL‘1_|1_|ﬂuﬁuﬁqmm‘fﬁmu%mmﬁ
570 °C 1 $alue uasia BT lAen ShandinssiunesdlsnaumnaaiidngAtes Wavelength-dispersive XRF
spectrometer, S8 Tiger, Bruker AXSX, au1iin19e1816ia Fadwiiasannannaeuding 33 dilatometeric, NETZSCH DIL
402 PC muu“ﬁwml,mﬁqal,ﬂ%q UV/Nis spectrophotometer, Analytikjana Specord 250.

a 4 . .
3. Nakazda19td (Results and Discussion)
] o o a 1 o = [ a a7 o .
3.1 mwmmuquwg‘jmmqmuﬁmmﬂﬁdqmumﬂﬂaﬂuuﬂmmmmqﬂu"lﬂlf'ﬂumaum (exploited
heat, H )
ex f '
° ' o aa a o =
ATUALATNANUN NN NAUUNN 1400 °C UAANANANTINN 2

Table 2 Thermodynamic calculation of exploited heat, Hex

Batch Hex (kWh/ton)
Original 540
A 490
B 535
C 480

° e N . S e =~ o 9 o FI I
annnsAuAdsunamesiilaunindwudngrsniudgsluifianusiesnislindsnuniamnsg andd
grarssuisiuierihuinmaassastianuiulliFlumaljiidufiegradinan anuannsnlunisvaenfmniy
32 WANMSNARBLAMNAINITNURINITURDNAIVBIIANALUNIAILIE Batch-Free Time

Original batch

Batch A

Batch C

40 minutes 50 minutes 60 minutes

Figure 2 The results from Batch-Free Time tested
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m@mi‘wmmuwud’mmLLﬁqﬁqﬁuu@fauﬁwmﬁmm 60 U 4ns B TIUNL BN AL TWLLVIZQL%FJNLWﬂﬁﬂﬂW§
mwmumhmmwuﬂmm (40 W17) ilasann magalns Hantmiludatiaanguungilunsyuounismasy uas e
muﬂmﬂmmmuLmesl,umﬁmﬂummwm@mmﬁmnrjmm’au AINALERT A UaY C 7% 20aanalnlus uas Tn

Ts#alss waeuFavuafinan 50 wnil zgmwﬂiuﬂﬁ;ﬂmmmmm@umimwnfnqmmmummﬂémﬁummaﬁﬂmm

ANMNAILUNInas I launRingd

3.3 adAlsznaunaAleaIund AdLARILWANSIeN 3

Table 3 Glass chemical composition

Weight percent
Composition
Original batch Batch A Batch B Batch C
SiO2 72.52 72.72 72.14 70.70
NaQO 14.20 14.25 14.10 13.88
MgO 4.60 4.56 4.62 4.20
AIZO3 1.42 1.42 1.43 1.05
K20 0.02 0.02 0.47 0.07
CaO 6.92 6.64 6.88 9.65
TiO, 0.01 0.01 0.01 0.04
FeZO3 0.02 0.02 0.02 0.04

ANNANITIATIZREIALIZNALNIANILLL Semi-quantitative 5%13’% Wavelength-Dispersive X-ray Fluores-
cence ‘wmmmtmfm\mummﬁmmmm@@ﬂ%ﬁm (Fe,0) flasuas Lmnumaﬂm 0.02 - 0.04 Lﬁmmmmmﬂﬂim@u
wangms A uay B IndiAasiugnaids dougns C uumﬁmm SiO, uaz AL O, fisnndnuazil cao wmrmmmm@’m
1runuasAls ﬂ@umqmwiﬂumimmmmmmumqmmmﬂimﬂmmqmmmmm\mqwgLmemuﬂ‘maﬁ\muu

aaflsvnatautludnuaumillagiany Cao

34 mavagaunsuengfdaduiiasainanufauaasuia
anmsmageLANdsrAENTEadiuiiesannaanuten (Coefficient of thermal expansion, COE) 2846719478
\#i784 Dilatometer Tngisiisial batch wiazgnsluLFunn 200 N ﬁﬂﬂmwﬁlﬂmmﬁ 1500°C LLm'au‘?ifqmmﬁ 570°C
rewhufafansnauiauiuiunnaanuda uanimagaunudtuiaii v 4 gasiisn COE daegnmnil 50-300 °C Al
wAnFNeiuNINet lugaesendng 8.7-9.3 x 10° °C” Fauanslumsedl 4 waznnd 3

Table 4 Coefficient of thermal expansion (50-300°C)

Formula COE (50-300°C), (x10°°C ")
Original batch 9.27

Batch A 9.24

Batch B 9.10

Batch C 8.69
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100 200 300 400 500 600
Temperature /°C

Figure 3 The thermal properties by dilatometric method

3.5 HANTNARALANLANIGLAIAQEILATEY UV/Vis spectrophotometer
AINNNINARDLANTTANIAANAULANBsLTafamATIA UV-VIS Spectroscopy WudUfana 4 gmsilAnisam
nauaslndpesiunlszanabeasy 90 nan19inAsyuL CIE L*a*b* vesufinusiazgmnasinaimnaila UV-VIS Spectroscopy
WugNA In&1Anariu gas A ianuanetiaandngnassiu daugas C avnanegluszauInfireiuiugasian douges B
a dl oy A A a9 o P A ~Na o o o .
Hanuanonniige fistiufionvaasiielilunisiinimaseuildlfimnaisedindos lunnsUiudasld uansdanini 4

@ Original batch
® Batch A
A Batch B

B Batch C

Figure 4 Calculated color in CIE L*a*b* system
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4. @91 (Conclusion)

nsLfulqegpsutiaanansnaandaui Wlumsvae1s leaseanalnlusaansn inaumilntaluslugsutoia 1
waz waat5iselnlsilalsianunsalinaunuazgiivn i naannisaunmiamesTulaunind nudnamisnannisld
A ulisasaz 1-10 %”u@g_uiﬁmﬁmmé”mqﬁuﬁﬂﬁmwmmu ‘EmﬂﬁlL"f':faLLﬁquﬁqmiﬂi”uﬂgqqmmﬁqﬁamﬁmﬁﬂizﬂ@u

= o v v a o ¥ og// v
NIANLACATUANLIFAURY uialng LAENNLIGATUNIFNAL
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NN5RLASIZALERLAR TEOS-SiO_-PDMS WWalaRauRags An R aNiR ldauii
Sol gel synthesis of TEOS-SiOZ-PDMS hydrophobic film for ceramic coating

BT NBALTY', 8RN RUSAYNEUN, 45990 ATVANAN'Y, 9978 LNUAN?

UNARED

mAdedunsisaRaiinteuRaE N anR lireutin linaaedld mnsziansaalnsgamns(Tetraethyl
orthosilicate, TEOS) waz wad lawiia l1danim (Poly-dimethylsiloxane, PDMS) luwingau Tunnsdaianziiaaiildsey
i WATIANTANNTUIALUNIA 12 LAz 20 U TNmg Brnaslneninninenas 0.5 5.0 uaz 10.0 BURAUNAN 300 UAT 400
aA Al Nedun AT aunTR e Ut uasTlinnudestnandua Iinaaauyudnia (contact angle) lwnns
LAANTEALAN AL WAL AFELANNABETTDI LA (transmittance) WAANTEAUAINNA1INNT0 1N15 IR LASEN Y tiA
mﬁﬁawumumuLL@:qmmﬁmi@uﬁ‘Lﬁm yuANAA 139° uarilANANEDIiUIDLATS DAY 73 Flenaaeunden
Neduuiaedeuisiin wudweath Sdnwniznan uazlnasenlfednasnis NInAReLNNANETAN ULATIAINNT
o o

PRV ANLWARILLEINEN uaaSliiviudIan T wIesHamAe LI ANNEaLYTaa7Tsy Hrasanislasuulaeantis

|
s

]
yuAuTarasHANNIAALLANFANII

Abstract

Sol gel synthesis for ceramic hydrophobic coating was studied. Tetraethyl orthosilicate (TEOS) and Poly-
dimethylsiloxane, (PDMS) were used to form the hydrophobic gel. Silica nano-particles, 12 and 20 nm, at 0.5, 5.0,
or 10 wt.% and heat treatment at temperature 300 or 400°C were varied in the synthesis of the hydrophobic and
transparent films. The contact angle was used to measure the hydrophobic property and the transmittance was used
to measure the transparent property of the films. The study showed that the coating could have the contact angle
of 139° and transmittance of 73%. When the ceramic glaze was coated by the gel, water droplets on the surface
were in spherical shape and flow away quickly. The effects of abrasion on the contact angle of the film coated on

the smooth surface of ceramic glazes or on the uneven one were showing different results.

fdnry lalasvde , wedlawdialaRenciy , lrawaa , n9dnd
Keywords : Hydrophobic , PDMS , Sol ge I, Abrasion
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1. unUI (Introduction)

ool

nIRELINAR IR ANTR Wga vt liFuauaulaluilagii WesandinlinansusiiiuinsseReunien
annnsnnndndsanianliding Usendain annisgaudelunisanaes M. Ma uazanelAna1aDauuamnIeniswemn
walulagiodani ldae v luilaqiuliiun naiup 93195 209HARTNANAINURLAN (surface energy) NITWANLN
a d’l $% o a :// v o dld o a 0‘ lﬂl o Y o = o % OD ﬂ’l al
AnfiuagaszuialiullpialubosdannAnasuien uazn1siinlivaniyududa (contact angle) 2891nglu Fan
1 super-hydrophobic %138 ultra-hydrophobic [1] PDMS 113 a launinassuniuiiann Ashley Jones uazanie Ewmwn
WFNANNFAIUNENUDI PDMS waz TEOS WL IENSNNNa N5 dreuiin [2] nnsdinsazulsiBunadan luidussnand
A nagassuuiaingy uarinalifyududanuauld [3,4] Amiuanununiusenislfeusesildy PDMS wu
Twanuaes LY.LWu. wazanzdslddansaanulafognisnsaifawazainuudsiaeinneda [5] vuidanauillfin
TsunsunedinAraniundszutamiladenliladAysanisdaneilaaaaessyiy TEOS waz PDMS MANTAN
1aaynIAw il uazliwansliviudniunnganiuazgmnginiseuiinaiuibdAnysienndudanesian Tuane
BunndanfduadluladAysenudastinuaesasaasidule] adnelatmunisduameflduluszundl Ssaanis
= va| & = P S o Ay o = = 9 | o PR
AN s lE AN LLAA L AN TaRTIAdeNAadANTINANUANAENINLAZAMNNUNIUABN1T 19N UASTiag
Tianaengasnunizan lnanismanudunusssudeyuduianednantimliseutn warandesdiuaasiasive
Sapua1nnsalunnsRaene uasnagauns MaulnednANnUN LT ANEAIA R LLIWARELLEINHN

2. 2819748 (Experimental)
2.1 IngAY
ffmqﬁuﬁlﬂumawmmiﬁuﬁ TEOS (Tetraethylorthosilicate, 98%, Acros Organics) nsalalasaagsn (Hydro-
chloric acid, 37%, Cario erba) 1an11aa (Absolute Alcohol, 99.8%) PDMS (Poly-dimethysiloxane, d=0.965, Acros
Organics) 8@ lAw (Acetone, 99.8%, Cario erba) lalalnsiauaanaged (Isopropyl alcohol, 99.7%, Cario erba) FanN
mmmﬂgmﬂmiu (Aerosil®200, Primary particle size 12nm kaz Aerosil®90, Primary particle size 20nm, Silica De-
gussa) War@anTazag fluorropolymer ﬁmuﬁ‘ﬂ\mmﬂ

22 msiAsEn TEOS-SIO -PDMS Laa uazilax

\izeiN TEOS-SIO -PDMS 1aalngisan TEOS 1fiunnd 5 niu 1avuea 1innm 2.5 N3y uaz 0.1M naalalnsnae
3N 5110 6 Nadans w"ﬂﬁlﬂum@ﬁqmmﬂz{“ﬂm%uﬁqmuqﬁ 80°C 1fluiaan 4 FaTaa aNnfiuia PDMS ianmi 2.75
n3u lelalnsianaanagad a9 40 Nu LL@:%mmmmmémmm‘iu‘imﬂ%mmmmeﬂ?mmﬁ'ﬁwum HANTINTUAE
isaasanslaiaiiung 30 wit shlunduluadiowdn 6 dalue nanenflu modified gel uaAAsLLLNIZAnAlAs
FneiAa spin coating (spin coater, Laurell Technologies corporation) ﬁm’mﬁ") 1500 $8U/417 1T1nan 10 3117 way
wTlENRg U AT FaadRennan 5 “Criaundl Suli 60wl dwFunmarenAReLRALIARELIEIN 1
WpmenimsTiniuiuumunsyanalad wazl¥3B1mAaURaENNIL 41130 fluorropolymer Waw THannnaswies fluor-
ropolymer ¥atiaz4 luianuaauaznanlalasagsn(99:1) wreLLMARLITNEREARN e e lHudiTignunniias
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2.3 NSYARBILAENISNARDL
N1INAABLFTEN TEOS- SiO -PDMS AFuAwUs BuuTann 3 ?:ﬁuﬁﬂimﬂﬁmﬁﬂ’é@mz 0.5 5 La¥10 IUIA

o

an12 ﬁ‘Zﬂ‘]_lﬂﬂ 1218 20 nm LL@"’@ELL‘MJWNW]?@LIW@N 2 i"’ﬂ‘]_lﬂfr] 300 cuay 400 C Vl‘ﬂﬂ?qﬂ’]i‘ﬂll 5° C/mw LL'E\]‘”EI‘LAVLWV]
(925200 NZN@@ 60u'w1 NAAAIFIDLINNAY 2 ﬂN Vlﬂ@ﬂ‘]_lllll@lm@“ﬂﬂﬁuq LL‘LI‘LI‘MF;I@'LN (contact angle, Data Physics OCA20)

a9

[P =)

fnenRanmurin 5 lilpsans 411w 10 rmLmuqLmammmawmumm@ NARDLAMNABIHIUTDIUA (transmittance,
UV-VIS Spectrophotometer, Cary IE) ‘wmmmqmu 400-700 W THWAT AALAENFAABENITEOS-SIO —PDI\/IS V\Immu
HNANAA UATANADIHIUIDILAIQINAADUARDULUAABLIEINNN 2 33U A TEUIL LiO,-MgO-AI,0 -Si0 -TIO, AR
lwealjiiRnns uazszuL NaO -Ca0-MgO-Al O -Si0 -ZrO, mammnammumiumvmm famﬂivmmwuum@@mm
@\1ﬂﬂﬁ”ﬂfau'ﬂ@nimwimmﬂmmLmﬁ”umﬂLaﬂmmm@mmvﬁum (Bruker S8 Tiger) mmm@mmmﬂi”mmwum
ideumAntewaiey Faeviadasasl 2 lunseu wranm 100 fadniu Shsn1aindeud 0.5 Sadinsiedund (Surface
roughness Tester, Taylor-Hobson §u Talysurf Series 2) uazAnulasasesqaniaiiomdaumsiniasngesqansseil
BIANAIIUULILIABINANA(Hitachi, S-2500) NAABLINNANHATBLARIULTIANTIOUUATMAINITIARBLIRALTAN Faan
TudpiduRindeuLpdeusiin neaeuya A TareTiduvaINsTngd nisdaiaald afend s uduledndiden
WNA10x 1 ATURwns ARARUwLHaTEmIn 420 mﬁl TnuuRaethaiuuunuiaatiuasneinianienaz 15 Uy
MUY mmm@ummumzwmmi‘ﬂmmmwmm@wmmmmm T Feniiieugudndanaanisdanes TEOS-SIO -PDMS
Wan AU fluorropolymer Was ﬂﬂm‘imqmﬁwammm%l@ummmmﬂmmwwiimmmmmmﬁmn@uu@vummi
nAgaUNITn

3. NALALIATD (Results and Discussion)

nan1Inaaeatade UsNnadan(silica amount) 1uAEAN(silica particle size) WargaUMAN1IBLNAN (heat treat-
ment temperature) ARANURNNANTR ANNFDENULBIUAS VRIWAN TEOS- SiO,-PDMS LAAIRIANTIT 1 HANNIIANN
dwila TEOS-SIO -PDMS W@wmumﬂmmmum 300 UAY 400°C meﬁmmsmmmwmmmmmm 12 Uz 20 nm
maﬁ‘mm‘imﬂmmmﬂmv 0.55uaz 10 mema‘ﬂ‘w 1 WUIGUNARANTIN R AR AN ANETE Lum‘wmmmummm
A7 300 +lu 400°C wﬁlmuﬁmmummmu MAZNANL B U TAN mslwwﬁumummmummmuﬂu ﬂ’]ﬁ“VllpJ
fudainduiaannsBndan e ifaresianinaussindue] laynddaiAngeaaminty 147.5° Tu
FretefiinUSnnd@antmun 20 wnlusns Alsulneiminsesas 10 %muqﬁmﬂm 400°C
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Table 1 Effect of experimental parameters as silica amount, silica particle size, and heat treatment temperature on contact angle and

transmittance of the films.

Variable parameters
Contact angle Transmittance
Sample Silica amount Heat treatment | Silica particle size ) (%)
0
(Wt%) temperature (°C) (nm)
1 0.5 300 12 106 87.5
2 5 300 12 110 85.5
3 10 300 12 125 69
4 0.5 400 12 1M1 83
5 5 400 12 120 80
6 10 400 12 139 73
7 0.5 300 20 107 89
8 5 300 20 111.5 82
9 10 300 20 130 62
10 0.5 400 20 113 87.5
1" 5 400 20 123.5 75.5
12 10 400 20 147.5 68
160
140
120
_. 100
°
D
C
& 80
8]
8
c
o)
© 60
40
e 12NN 300C  cmsfFume 20nM 300C «= e 12nM 400C «= $€== 20nm 400C
20
0
2 4 6 10 12
Silica amount(%)

Figure 1 Graph showed effect of heat treatment temperature and silica particle size on the contact angle of TEOS—SiOZ—PDMS films.
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HaN133nAINADINILTBIUEINLIN TEOS-SIO -PDMS WAw ﬁﬂﬁuﬂ’]i‘m’]ﬁ'ﬂqquﬁ 300 UL 400°C L Famy
Fan1aua 12 uaz 20 wiluiuas ABsnnlaetiminfesas 0.5, 5 uaz 10 meﬁqgﬂﬁ 2 WUFIANABAEINUIBILAS
Ve9siae 9T 300 waz 400°C laiumnsinaunntin Tusnisfinadianiunndan fuavinlirudestiuseussd
ANARAAY V%Q?:Lﬂmmﬂmmmm@ﬁﬁmlﬁlﬁuﬁm@rfi@mimﬁ@w,m:mi@mmLLm \unaiiduiauasnsnliiuas
tnuanad gL uLgann Iy (6] InaiarndasnnuanuasilAgegawiniufasay 89 Tudnaeaniu FunoEann

1110 20 wiluas lwiBuiulaeiiminfasas 0.5 NguugAniswn 300°C

100

90

80

70

60

50

40

Transmittance(%)

30

20

== 12nm 300C _E_ZOnm 300C -ﬁ-. 12nm 400C e Pé= = 20nm 400C
10

0 2 4 6 8 10 12

Silica amount(%)

Figure 2 Graph showed effect of heat treatment temperature and silica particle size on the transmittance of TEOS—SiOQ—PDMS films.

a0 o pry p a A qual el S e Ale Aol el 1 & ~
nnsssdunrvilaamaivandauRaLEs RN WRaN TR I tautint Feen s NaNnNantR imeusiiuaziau
dagtiuresnadlingeniu nan1maansdnaduldnalifiiudnaniiRvegeanlsanduiuiadenisdanisilasaniy
o aa = Y oo A al s ai = a aa d‘ °g, o v a
AuBunuaesdant aslaanmeniaunsisaninamndaniaun 12 nm Aunaleatiimindasas 10 quuginisey
400°C HeianiiAvisaevgepanen contact angle 139° LATHA transmittance 5988z 73 NANBIARBLNANLILARDL
TS ANNNRT LA FHU HANIINAABINLINAINITDARDLRLLAARLEIIRN A IHanaaeeatinasLuRaNaNAAaay
UURARBLLEIIAN WUdmaaIaNEenaNAuandluglin 3 uazusatihaiunsnluassnainiofaulfatingsmmniin
FeguiRnuansieAnNd1nn T lun1iIANazenfaeald (self-cleaning) [7]
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(A) (B)

Figure 3 Picture showed water droplet on the film coated on ceramic glazes.
(A) LiO,-MgO-Al O -SiO -TiO_ system
(B) NaOQ—CaO—l\/IgO—Alzoa—SiOQ—ZrO2 system

mwmgmmmﬁgﬁﬁaLmﬁfaﬂm:uu LiO,-MgO-Al. O, -0 -TiO, uaz NaO -CaO-MgO-Al O -SiO -ZrO 311 4.99
waz 0.36 lulasiums sl TaseasaqanIARaARa LA wAA U RN ANH N Aa9qaNIsABLAN ATAULLLEDS
nALARAs 3UT 4 nudadeluszuu LiO,-MgO-Al O -Si0 -TiO_ Hr@nuaziinnuagszannndadeylussu Nao -
CaO-MgO-Al O -Si0 -ZrO_ yudniaredinfeuiiinfewafeuRafieilduaeeszuy Lo -MgO-Al O -SiO -TiO,_ &
60° uAZ124 72111 NaO,-Ca0-MgO-Al,0,-Si0,-Zr0, fpn18° mm@mmmqmumumzm'awmmmm@mM@umﬂm
194 TEOS-SIO_-PDMS Uay ﬂuorropolymer i HindeunpdeLimdniinssinmais uanasagLlit 5 wudn nsdingia
m@mmmimuummmmmmmmm uazdnunizIasiarenieLmnfiniluasenslaeuulaspnsgududads

3908 Tneirdeuiinazasziadauiiofion TEOS-SIO -PDMS uat fluorropolymer Heéa Hnnaitlasuulasyudadanas
PN

N39RAanaslusTAULAENTYW ARANNANBNELN 125°-130° WaD 72-76° 1aInN139A dauAaaLN R0 FeUNd AR LRGN
TEOS-SIO -PDMS Henyududanouuazndsinganinsaetnaniaaauniafag fluoropolymer Wi AaHANGENSWN 142°

a

= Ay A = o o o o A = o o = a =
\WAD 101° LATANENSUN 102° Wide 83° MAIN131A AINATAL WeaFeumauiuyNduiaresndoumsinneundey
Hofinelan wudndsniadandeuiasdnfiindsuiiofasian 2000 seudipsiantimyndndangandnmnynsiaetng

o

Iﬂi\i’&%"]x‘l‘ﬂ@ﬂ’]ﬂ‘ll’ﬂ\ﬂﬁmﬁ@ﬂﬂ’;ﬁ‘ﬂ\i@@%ﬁﬂﬁaLﬁﬂﬁlﬁ"ﬂul,l,‘i_l‘]_l’&'@\‘mf)"lﬂﬂ\‘iiﬂﬁ 6 wan lia TEOS- Si0, -PDMS AANLY

a
= o

Lﬂ@ﬂ'l.liui‘“’ll'].l NaO -CaO- MgO -Al O SIO ZrO VIQJF’WQWN?JTH?"’MW LANUUININNGN fluorropolymer Adu 1 19inas
n19d/m 2000 78U NLH@W@QJWHQQ\‘I@IH‘WNQN’]HWJ’]
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(A) (B)

Figure 4 SEM images of the ceramic glaze surfaces.
(A) LiOZ—MgO—AIZOS—SiOZ—TiO2 system
(B) NaOZ-CaO-MgO-AIZOS-SiOz-ZrO2 system
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Figure 5 Graph showed contact angles of TEOS-SiOZ-PDMS and fluorropolymer films before and after abrasion tests.
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Figure 6 SEM images of the fracture surface and top views of the films coated on the NaOZ-CaO-MgO-AIZOB-SiOZ-
ZrO2 glaze before and after abrasion tests.
(A) Fluorropolymer film before abrasion test
(B) Fluorropolymer film after abrasion test
(C) TEOS-SiOZ-PDMS film before abrasion test
(D) TEOS-SiOZ-PDMS film after abrasion test
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4. @91 (Conclusion)
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flaanTR e Windida 139° wazenadestiaasuadienas 73 Wil flewdeunufiandenmanfinin ity
dudadiFngandn 100° uazilarhunnsing yududadianasusitieses lursiufiganiuedenminileieuiafag
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Development of Cordierite Ceramic Cookware
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Abstract

This study is to develop cordierite ceramic cookware by synthesis of cordierite body using kaolin, ball
clay, talc, and alumina at sintering temperature 1300°C. The synthetic cordierite could withstand the thermal shock
up to 400°C and had the coefficient of thermal expansion of 3.09x10°%°C. The lower coefficient of thermal expan-
sion glaze, 2.61x10°/°C, was also developed for the synthetic body. After, the crazing resistance test by autoclave
at 250 psi, the glaze did not craze. Then the 7 inch diameter pots were prepared and used for the cooking test on

a gas stove-top or hot plate for more than 50 cycles. The results showed that the pots were crack free.
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1. UNU (Introduction)

TJaquiilieaamlszanfuresaumfedis Adieansass st naazanld lubesmesnsle oo
mauzmAnyeduaniufitesnnlusiszme desananansaldsmuanlnin siewuiadpemsidlaens
uazileteenaaiaanansmiiulfizamemseniulsenuliig mm“lmma‘mmmmvmﬂmmmﬁuummuvmmm
anunantnanliveiuli azkesinandaniaAnduszaninisenasailesa(thermal expansion coefficient) i
muummummﬂﬂ@muﬂmqmmmmmuwaﬂmm awnsndudanlannlnensslaeslifansuanin aefinelsidu
'3"&Qﬁﬁﬂﬁﬁﬁﬁﬁmﬂi‘?&a%éﬂ’]ﬂﬂﬁﬂﬁ@l,ﬁ‘ﬂgi"ﬂuﬁlﬁ ‘wum'ﬂmiLﬂ?1'muﬂmgmmﬁ@ﬂﬁqrﬁuwﬁwmzwuﬁi@Lﬂmvl,w ENTTUIGHT
ARl S e aqﬂmrﬁm%ml,mtm(kiln furniture) Fansadlaidesnaus(automobile catalytic
converter supports) LL@:ﬂ’mu:‘ﬂN'ﬂ’]ﬁ’]?(cookwares)ﬂ]

mml,mﬂ”l,imL‘]Jumﬁ?ﬂimﬂuLLuﬂumﬂu@@uLuﬂmmnm {gnImamiiae 2MgO.2Al ,0,58i0, amnsndunseiliann
P waziad viteau viad uazazgiiun ignigfisziing 1345-1460°C um\mmmmu(short firing range) [2] NN
mLm%w‘ammummuiﬂﬂ%im,ﬂmﬂmmim vngaiulifaznanafuneaimelsd(forsterite)uazaialasi(mulite)
inldindulsz@vsnisenasaieteugeiu nmafumesaeuasludaunaabenazs-20 anansaganlfgasninunning
uwnfu‘Emﬂium“l'wmmuﬂimmmmmﬁmme@quu uenaniudetaainlfidenesialsfaninignmnisasa]
nesiRelsrdindulszAnanimuenasideteun sowing 1.5-4.0 X109 Cinlenndeneimieien A wa
LiRnnsuansu Aefesinlieieuiansanudngesianiaidiszantnismenusaiieseus waeuildiiie
pasinelasiniluaaauluszuy lithia-alumina-silica 438 Magnesia-alumina-silica[4]

Ussinaneddliansnsnnanniauzssfinyedald feshidinansaszma snliindaduslssnnisisnaums
nnAneAnaRsLEMsA AR s Ainuedailerefie e Welilsmatulainisinnmuzms iy
z%w%udwm@m‘lﬁﬁ’m’gﬂi:ﬂﬂumiﬁﬂﬂmam%\ﬁwqcﬁ‘mjLﬂumﬂﬁuﬁﬂﬂmwmwﬁm uazinliinanaLasinaenefanin
T u@ﬂmmfuué’qﬁqLﬂuﬂﬁiLﬁmH@ﬁqiﬁLLﬁauﬁq wanzAudniatianansadming luman @i 1

2. 98n15948 (Experimental)
21 mavnaaauilanadiielsd
AaaensagALTinan i fnuundounanildlunimenes uadounanlfazdanluniieun Windunagey
Lmﬁ'qmmﬁ 1250 uAY 1300 9ANLTALTEA NARBUANTANINNENTN AANUNNUReNIsAsuL IasAnLEaLatng
SUNAY danszneumausingn uazddsznenisrenafadlesen mmfuﬁmLﬁ@ﬂ@lmblﬂm@mmﬁﬂu UATNARDIYIN
Wunanss
2.1.1. @ nm‘um’lﬂj
- AuL19(Kaolin) 1HiACerafast AMNLEENAUAZLFTEANBIUDTAR I ARDLILHUFAAS
- Auwilen(Ball clay) 1Him Ceraglobe aMn1i3Emausa e anuiefanaaaLlinudgantn
- Auwilen(Ball clay) TiiaMagneton AMNL3EMAUA AT ANUILETARIAARLWUFAN AR
- MiaA(Talc)timnSpecial MBI A uAe ST ULLAS TR
- 9¥gHu(Alumina) THAA-31 A1NLTEN Tl andin
- wadmpewu(Zircon)alaunazidea L dlusianiiuludaaumsnn A NEIes AU ST LA
1A
asflsznauiafitesingAuililunmenes wanslumansd 1
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Table 1 aeALsznauiaiiaesingauildlunimaaes

Raw material LOI SiO2 AIQO3 FeZO CaO MgO NaZO KZO TiO2 LiZO MnO ZrO

Kaolin (Cerafast) 13.0 47.2 37.3 1.0 0.1 0.06 0.4 1.7 - - 0.06 -

Ball clay (Ceraglobe) | 13.7 49.8 31.3 1.2 0.4 0.1 0.5 1.6 0.7 0.02 0.03 -

Ball clay (Magneton) | 11.9 56.8 2565 1.4 0.46 0.14 0.51 2.2 1.0 0.01 - -

Talc (Special) 1.6 62.7 0.6 0.1 1.9 32.3 0.5 0.1 - - 0.002 | -
Alumina (A31) 0.1 0.02 99.6 0.02 - - 0.30 - - - - -
Zircon 0.6 311 0.1 0.1 0.2 0.05 0.2 0.2 - - - 67.4

2.1.2. dOUNANITBAY
nefiAelsritgnInnaall 2Mg0.2A1 O _5Si0, uneanladiaedngau e lifliresinglsintesdlszney
\nil fin 13.8% MgO 38.8% Al O Waz 51.4% SiO, daunauililunimmaans uanslunissin2

Table 2 daunani i lun1maans

Sample CCz10 CCz15 CCz20 CMZ10
Kaolin 15.13 15.13 15.13 13.95
Ball clay(Ceraglobe) 30.25 30.25 30.25 -
Ball clay(Magneton) - - - 27.90
Talc 38.45 38.45 38.45 38.81
Alumina 16.17 16.17 16.17 19.34
Zircon 10.0 15.0 20.0 10.0

o «

N wefrauadludiunanesas 10-20 Ineldduanenl cCz10 Ae 1EAuwmilaa Ceraglobe \Fin 1iasnau 5as

o

a¥10 CCZ15 Aalfn 1afaau $eeay 15 CCZ20 Aalfn 1wasaew 588820 uay CMZ10 AeldRwwilan Magneton

2.1.3. NasTNNaAULALTUNAAaL
Fedounanuarununiaunliiaziden drunzunss 100 we nsesludsularameslivuna dnnsin

a a

Funagaulnedn luuuuiuTanzaun30x60x 12 Faawmns a1l Agaimnil 1250 uaz 1300 asA@aLdas tae

a

Tdn9ide 150 evmaaiaasiadalug duliigumgigegn 120 wni

A a

Bulletin of Applied Sciences
Vol.1No.1January-June 2012

61‘



214, nmamaaeuiiionu
hiunageuiiunudalinadeuauiAntenianwliun nsmass ma@m%ui‘iﬁ WAZAHUUI UYL
AINNIATFIUTIBS ASTM C373-88 (Reapproved 2006) ﬂ’]i‘Vlu[ﬂ'ﬂﬂ’]ﬁ?L‘]_]aﬂuLLﬂ@QQMMQfI@EiNﬁYUWﬁu (thermal shock
resistance)AMNN1ATIIUIBI ASTM C554-93 (Reapproved 2006) d@uﬂizﬂ’ﬂ‘u%’]\iLLﬁ‘V]EJ’](phase TnelLAsaq
wnddanunsnindines (Bruker §14 D8-Advance) LL@vzﬁﬁJﬂ%‘u@‘i’lﬁﬂ’]ﬁ“ﬂﬁl’mﬂ'}LNﬂ%"rJ‘LL(COE TaelfAsadlnanin
{ma3(Netzsch 31 DIL402PC) mnuuﬂmLm@ﬂmmwummﬂﬂmuuﬂmgmmmmmn‘wauVmemiﬂm@mmmu

2.2 AISNARRILARAL

nMsmaaesasell inenlfiadeuszun Li O-KNaO-Ca0-MgO-Al O -Si0, Taaiigasindeuitugiusisil Ae
0.44 Li2O 0.68 - O.88A|2O3 4.8-6.8 SiO2
0.12 KNaO
0.16 CaO
0.28 MgO

NNl asuanuuina e ALO, uaz SiO, panandlumngans uasiineineuaslugnsadaunngns
388210 Wanzmaspauiluasnasaluepany ﬂifmﬁ'ﬂ,ﬁmﬁ@uLﬁmmwﬁuimmﬂﬁmNﬁﬂLﬁnjumﬁﬂﬁmﬁ@wumm
Fag17LAN[5]

Table 3 anuaninares ALO, uaz SiO, AElun1maaas

Sample Mole of AI203 Mole of SiO2
LG2.1 0.68 4.8
LG2.2 0.78 4.8
LG2.3 0.88 4.8
LG2.4 0.68 58
LG2.5 0.78 5.8
LG2.6 0.88 58
LG2.7 0.68 6.8
LG2.8 0.78 6.8
LG2.9 0.88 6.8
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o A o a oy ! ¥ = ¥ A A a = aa

Anaendng ALl uadiunanliazidanlundeun quiAReY WNNgUUYN 1300 B4ATALTEa AIA1A
anwnziiall nageunizauda mdaulszneunausiinen uardulse@nsnsaenesaiiedeu Anengnsllnaaas
nulundnsioust

2.2.1. AUl
- atlagiu(Spodumene) ANLEEN @91ANEFEA AR
- WRBENTIRAFIux filler ANNLEENAUAZLFTEANWUBTAAAADLNUFRN TR
- Tnlalus anisdmme fAauLme St AN i A
v & a o o gy & a
- fiam anamganun b it
= P P o algy & a
- AwwigaMagneton dialAgaAUN L Tuliasy
a A o algy & a
- argiu alameaiun i luiiesu
e a o o gy & a
- AR dRALALAUN M e A
I's a = o dl EA d’/ a
- wesAeu TlaAANUN 1 e A

2.2.2. dounduindeuilinaana
- atlagiu $euay 30-41
- uIWudn Seeaz 10-14
- Tnlalusf %0uaz 6-8
- YiaA 5988z 4-5
- Auwilen Seuas 6-14
- argiun Faaay 2-3
- Anand saEay 20-42
a g v
- AN [wesrau $aaaz 10
2.2.3. MIATLNARALLAZTUNAGALLARDL
updaunannugnsuvieunliiazi@aaiiunzingg 140 W qUIAAeLLLTUAaeLaRuAR iR |95
NHUNTHIAY 800 asAaiea tnlinnnguungd 1300 evAmaidaa tnalddnsise 150 asAmamaastadalug
a A a =
Aulnngnuunigega 120 W
2.2.4. NMIMAGALLARAL
o & A P aa o o o A PR o o =
UNTunaaeuIAAaLTNILEY NaasIaitandneusiall AndengasiaReugnsn AnwuMzIARL
iy uazlifisessu lneaseuanumunisulng TEnAseLANNIATEIN ASTM C424-80 dautlsznaumniaudinen
Tneesoaandisdanunsninidines (Bruker 1 D8-Advance) uazAdnilsz@nsnisaenasfaiiieseu(COE) TnaldiAses
Ipantniinaf(Netzsch g1 DIL402PC)
2.3 NSNARBIINARNNN AnlAeNgRTleAuLaziAAeLTHIUNMARaLNN9IUsY TUnaaeinNERsineuile
11110 ERWARTNa1S 7 19 Tuglfaedsnmmaanuy wigungd 1300 asAmaidias BulW 2 4alus aauau 20 lu
et ldnagaunisliane] Tnansfismuum i uazmufiauasnasesyesinaiing
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2.3.1. nMInagaunis e

Aanaaauingmi niin

ARSI Raua AN (hot plate electric) Nastn 1500 Smsf uazldunliifn Eamnlfinnugeu
gegeaunszviaipan Uassivlimensalilifiung 5 winiiduwnuldasluindy aniduihdiunuuiamagauses

v A ay a a o ¥ a'/ ' £ ¥ o o" al ° 1 d’l 3

win3a Inelfansavasvesdtianauriasniliivia unnlinusesunniig Wnin1megeLaan Bmuil auaAs 5 A5

Anegaulnsmuia

o = o o‘d‘ 1 v u’// v u’; 2] 1 n’/ Y @ a 2 U |

TNHARAINENUNNINAZELANNAN WA 5 AFILAD AauAuAd kasldrin iy dlaudalian
A1 aunsziatinien Uassnalifmensallan 5 wid tnduenuldacluingy ANl INTuuNIATage usat LANGI0
Inelda138z AN 109R fianaunidan1 i unnldnusesunniig Wnin1megeLE1an Neiuil aumsL 5 AF

3. HALATIA1sal (Results and Discussion)

31 wanisveaaailadu wanageuauTEnINIENIN AEnuNIuRan s AeuLasAasBeueE e LAY
wazAnduszAnEnsrenefalesennecinedng uanslunNIeRe 5 ka6 ANANEL dauLlszneumaudinen uandly
gﬂ‘?‘i 12 4ax3 L‘f@ﬁunnqmﬁmmwmﬁq g ﬁﬁmi@.m%uﬁyﬁ me'ﬂmmwmLuiuﬂ@ﬁ@mmﬁﬂfqmmﬁmﬂmqﬁyu
A1n1250°C 11141300°C grsiiteAuimnafiusefneuifisduaziianisgadurinanas uazaamuinRad iesann
ndugesneuatyludaunaurespediielsd azdananqagninvesionefiielsd annuanmagey thermal shock
wm'ﬁLﬂf@ﬁuﬁﬁﬁumﬁﬂfmerag|obeu,@:ﬁmilﬁuLsﬁfﬁﬂfau”i'amwO(CCZ1O) Lmﬁ'qmmﬁ 1300°C @u190NUthermal
shock #igugm Aa375°Ciananadasiuing XRD wuingas CCZ10w 1300 °C Hnesielsfiindugege athslsinuiile
ﬁuﬁmmqﬁmmmm%uﬁ”ﬁmaﬂ 3\‘1151’Lﬂ?ﬂlﬂuvlﬂl%ﬁumﬁml\/lagneton LmuaumﬁmCeraglobe Lﬁ@@mmnﬁqm@ufjﬂﬁu
Lummﬂﬂumuml\/lagneton fifsamuAl O, FuazL B neege wﬂummzmmqmﬂmmumumCeraglobe AINUANT
NARBINLIFN mmwhmumuml\/lagneton (CMZ1 0) unuAnwmilanCeraglobe fiAMsgeduTnanaaIN Saeaz17.9 wrae
%etaz 12.8 WATATIMMUULTARRNTLAIN 1.82 nFu/aL. sl 1.97 NFN/ALLTA. wA¥aTRnsan thermal shock 1
495 400°C FaaampReaTUNAXRD finLdn gasCMZ10Aapesiaelasfunnndn CCZ10 ignuund 1300°C

Table 4 ANTANNNIBNTNIBITUNARBLINTIRIUNYH 1250°C waz 1300°C

Sample Sintering temp.,°C CCz10 CCz15 CCZz20 CMZ10

Shrinkage,% 1250 9.7 9.1 9.8 -
1300 10.1 9.6 10.9 12.7

Water absorption,% 1250 18.7 141 1.4 -
1300 17.9 14.3 0.1 12.8

Bulk density, g/lcm’ 1250 1.84 2.02 2.08 -
1300 1.82 1.97 2.49 1.97

[Thermal shock temp., °C 1250 250 200 200 -
1300 375 350 250 400
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Table 5 nanaaaUANNUFaNTLAELLL ARt UNALR TN AGELILNNIgRIUMYR 1250°C uaz 1300°C

Sintering Thermal shock temp. test °c
Sample

temp.,°C

150 175 200 225 250 275 300 325 350 375 400

cCz10 v v v v v X
ccz15 1250 v v v X
CCZ20 v v v X
CCZ10 v v v v v v v v v v X
cCz15 1300 v v v v v v v v v X
CCz20 v v v v v
CMZ10 v v v v v v v v v v v

Table 6 AndisvAnanisrenasiaiietaureuilenugns CMZ10 WnAgoung 1300°C

Sample Coefficient of thermal expansion (COE)
(25-1000°C), x10° /°C

CMZ10 3.09
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C=Cordierite P=Spinei Z=7Zircon A=corundum

| € CCZ10-1250 °C

Relative Intensity
(a.u.)

Theta (0)

Figure 1 XRD pattern2943unnaeugnsCCZ10-CCZ20 wAgung 1250°C
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C C=Cordierite P=Spinel Z=Zircon A=corundum
80 e CCZ10 - 1300 °C

9 14 19 24 Z2 29 34 39 44 49 54 59 64
100
80
60
40 -

20

Relative intensity (a.u.)

9 14 19 24 29 34 39 44 49 54 59 64

Theta (08)

Figure 2 XRD pattern194TunnaaugnsCCZ10-CCZ20 wnigninagi 1300°C
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500 o

500

Relative intensity (a.u.)

Figure 3 XRD pattern184Tunaaasgns CMZ10 i1

CMZ10-1300 °C

'
a

2-Theta(8)

Ngaungi 1300°C

= cordierite

= Spinel

= Zircon

3.2 WANTVNARBIARDU NANIIAFIANHAAN LA lUI09AA ULWLEAUCMZ 10N AN RN 1300°C WaAa

TuA9199 7 wudn inAeuNgRIANIIRgNAa g 1300°C HA9NIL sl uasNesiu Indausu aniiugns LG2.9

PRRamdeulinu et duneaesurdeugns LG2.9 lunaseulundetisaulerniaiusi 250 psi linunisunning

PDUHDAULALLARDY TIRBAPADITUNANIINAZDLAICOE WUFIARBUNANCOE ANNINLHeRY ABLARAURANCOE Winru

U 1 U 4 1 (4
2.61x10°/°C @auiBaAuiANCOEWINL 3.09x10%/°C fvazdaaiinpanuudaus liiuntuenu iesannduauegnielfue

8 uazliiliinaauiianissusiof7] Auanslugili 4

Table 7 anenuzyinllreanfeLnAaeILuEuUNA®aLCMZ10 Baatkn 1300°C

Glaze Glaze appearance
sample Transparent-Opaque Gloss-Matte Craze
LG2.1 opaque gloss 4
LG2.2 opaque gloss v
LG2.3 opaque gloss v
LG2.4 opaque Semi gloss v
LG2.5 opaque Semi gloss v
LG2.6 opaque Semi gloss v
LG2.7 opaque Semi gloss 4
LG2.8 opaque Semi gloss v
LG2.9 Opaque Semi gloss X

15AITHANIYITING NTHINENAIRAS LT V
Ui 1 a1iudi 1 ans1An - Agurzu 25551 68



o = ¢ o
W NININYIAINRITUINIT

Table 8 HATARBLINITIUIBUARBLEAT LG2.9 LUHRAUEATCMZ10 WG H 1300 °C

Glaze Sample

CMZ10 fired at 1300°C

Pressure, psi

50 100 150 200 250
LG2.9 v v v v v
3.0
A3 CMZ10 =3.09 x 10°
2.0 \a
=
= 15
- R e
— . LG 2.9 = 2.609 x 10°
0.5
0.0 } } } } {

200 400 600 800 1000

Temperature/°C

Figure 4 na&NLlszAvEn 159818601050 UTI09L N0 AUERT CMZ10 UAzIARRUERT LG2.9
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4. @1l (Conclusion)
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To produce standard fluorescence reference paper for calibration

of brightness tester
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Abstract

In pulp and paper industries, optical properties are extremely important, especially brightness. This is because
brightness is used as the reference value in bleaching process and also it is what people see. In order to measure
brightness of pulp and paper accurately, the brightness tester must be regularly calibrated. One set of reference
papers for calibration of brightness tester consists of four types of paper, which are fluorescence, brightness 90,
brightness 70 and brightness 60 to calibrate all parameters in a brightness tester.

In this article, the method of how to produce standard fluorescence reference paper for calibration of bright-
ness tester according to ISO TC 6 (Paper, board and pulps) and OPALs (Optical Properties Authorized Laboratories)
is described. The standard fluorescence reference paper for calibration of brightness tester obtained were sent to
Technidyne Laboratory Services (TLS), USA, one of the OPALs, to perform quality assurance every month since
October 2009 to present. Two values issued, which were C brightness and D65 Whiteness were verified. It was found
that the average quality of the standard fluorescence reference paper for calibration of brightness tester obtained
was satisfied as the average difference in C brightness measured was less than 0.15 and the average difference in
D65 Whiteness measured was less than 0.3. Moreover, the standard fluorescence reference paper for calibration of
brightness tester obtained was also distributed to thirteen pulp and paper laboratories in Thailand as free trial every

month since February 2010 to present.

ARIATY NIEANHENBINIATIIU , ANINTIIEIN
Keywords : Standard reference paper , Brightness , ISO , Optical Properties Authorized Laboratories (OPALs)
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1. UNU (Introduction)
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Figure 1 Color Optical lllusion by Edward Andelson

(Pictures are from http://www.geckoandfly.com/1081/color-optical-illusion/)
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Figure 2 : Light as a photon particle
A. A photon particle behaves like a ball; the angle at which the particle is incident on the

surface equals the angle at which it is reflected.
B. A photon particle collides with optical brightening agents and a boost in the blue

reflectance is obtained.
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i
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Figure 3 Visible light corresponds to a wavelength range of 400 - 700 nanometers, which is a wavelength of sunlight.
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Table 1 Wavelength of different colors of light.
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SPECULAR REFLECTION
(GLOSS)
DIFFL.ISE REFLECTION,
ABSOHPTD:S \g %lsﬂpmou

TRANSMISSION

Figure 4 Behaviour of light striking paper.
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Figure 5 The amount of the reflectance of blue lights. ) ) )
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Figure 6 The change which occur in the spectrophometric curve for pulp throughout the bleaching cycle.
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Geometry
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Figure 7 Examples of different geometry employed in pulp and paper brightness testers.
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Figure 8 Photometric linearity.
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Spectral response
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Figure 9 Elements affecting spectral response in measuring brightness.
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Table 2 Estimation of economic loss of pulp and paper industries per year in case of incorrect brightness measurement by 2 percent.
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IR1 : The perfect reflecting diffuser (absolute reflectance)
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IR2 . Standardizing laboratories
seaUAsnN Hag 2 wisAe National Research Council of Canada (NRC) Uszmauauni uaz PTB
dseinAeasuil
IR3: Authorized laboratories
seALARYANR 138 Optical Properties Authorized Laboratories (OPALS)
FadlusinelfiRmsiilEunisiusesann 150 TC6 Taquiudl 5 usiaie
+  Technidyne Laboratory Services (TLS) UszinAanigaiaiann
* Pulp and Paper Research Institute of Canada (PAPRICAN) Us¢inAuAlAn ﬂ@aﬁuMﬁmugﬁmumﬁm
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ISO Standardizing gzanam IR1 IR2 (Level 2 standard)
(NRC uaz PTB) dszidiuAn IR2 a1nen IR
ISO Authorized sziluA IR3 @ nAn IR2 IR3 (Level 3 standard)
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nventia ay CTP)
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Figure 10 One set of Technidyne Laboratory Services’ Paper Tabs (reference paper) consists of one pack of fluo-
rescence paper, one pack of brightness 90 paper, one pack of brightness 70 paper and one pack of brightness 60

paper, and a certification states the issued values.
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Table 4 Results of stability testing of printing paper samples that were produced in Thailand.
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Figure 11 Pulp and paper subdivision of the Physics and Engineering division of Department of Science Ser-
vices’ Optical laboratory. The temperature is controlled at 23 £ 1°C and the humidity is controlled at 50 t2

percent for 24 hours per day.
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Figure 12 Brightness testers in Pulp and paper subdivision of the Physics and Engineering division of Department

of Science Services’ Optical laboratory; Colour Touch PC (left) and Colour Touch (right).
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Figure 13 One set of Department of Science Services’ Paper Tabs (reference paper) consists of one pack

of fluorescence paper, one pack of brightness 90 paper and a certification states the issued values.
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The Water Quality Survey of Mae Chan Basin at Chiang Rai Province
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Abstract

Mae-Chan Basin is one of the important water resources in Chiang-Rai Province. It was used as raw water
to produce tap water and to be fish conservative area; therefore, it is necessary to study Mae-Chan water quality.
The area of this study was divided into 3 parts. First part is the beginning of Mae-Chan Basin. Next, is the middle
part and the last part is the end of Mae-Chan Basin. The aim of the study is to focus on changing of water quality
of Mae-Chan Basin. The results showed that Mae-Chan Basin was Nitrogen polluted because all study area found
Nitrate concentration between 9 and 12 mg/L while the standard limitis 5 mg/L. However, other parameters showed
that water quality type 2 at the beginning part of Mae-Chan Basin was classified. The middle part of study area,
where it passed through communities, BOD and Total Coliform Bacteria were increased and type 5 was classified.

Decreasing of BOD and Total Coliform Bacteria was found at the end of Mae-Chan Basin, thus type 4 was classified.
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Keywords : Water quality survey, Mae-Chan Basin, Chiang Rai
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1. UNU (Introduction)
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2. 98015948 (Experimental)
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2.2 AISINUALRLNS
221, MmafufetilirnTiinanneane wauRsHfunefievEay
222, Mgt e iU AN A Fasiela
1) fladiuinesetsiignmaiiannd 4 esaaaifon
) Tulmsiauian wenTuiile uazlunm Bunssdanldsnliilan pH Hiaangn 2
3) Wuaa (Phenol), laenlus (Cyanide) winlmaenlansanlas (Audindu 1 Tuans) aulan pH uanan 12
4) Taviemtin ANNNTEANg WNnTa lusEn aulAn pH flaandn 2

5) NN3AZIMNAUTIEE (Toal Coliform Bacteria ua Fecal Coliform Bacteria) WfiLfiaat1aigaumy
AN9N 4 asAaaduauaznaaaunielu 24 9alus
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2.3 FENITNAKAL LAAIAIAIFIN 1

Table 1 T1ENMNAGALUATATNTNAGAL ﬂmmwﬂ']

¥ v, = § o
W NININYIAINRITUINIT

ANALN F1ENITNAFAL Er R GG
1. Areendauiazaielumin Standard Methods for the Examination of
(Dissolved Oxygen, DO) Water and Wastewater, APHA, AWWA, WEF, 21% Ed. 2005 : Part 4500-C
2. ArANEuNgA-A9 (pH) Standard Methods for the Examination of
Water and Wastewater, APHA, AWWA, WEF, 21* Ed. 2005, part
4500- H' B.
3. ANAHLEN TN (Conductivity) Standard Methods for the Examination of
Water and Wastewater, APHA, AWWA, WEF, 21% Ed. 2005: Part 2510
4. Qmﬁqﬁ Standard Methods for the Examination of
Water and Wastewater, APHA, AWWA, WEF, 21% Ed. 2005: Part 2550
5. uuafiBengnlpaneiuianun Standard Methods for the Examination of
(Total Coliform Bacteria) Water and Wastewater, APHA, AWWA, WEF, 21* Ed. 2005
6. LLUﬂﬁﬁ‘ﬂﬂzﬁuWﬂ@aTﬂaﬂﬁu Standard Methods for the Examination of Water and Wastewater,
(Fecal Coliform Bacteria) APHA, AWWA, WEF, 21°' Ed. 2005: Part 9230
7. Fuaulavzmin (Cu, Cd, Ni, Zn, Standard Methods for the Examination of Water and Wastewater,
Cr, Pb, Hg, Mn) APHA, AWWA, WEF, 21° Ed. 2005: Part 3120B
8. Tulnsauiannn (Total Kjeldahl Standard Methods for the Examination of Water and Wastewater,
Nitrogen) uanluiie-lulnsiau APHA, AWWA, WEF, 21° Ed. 2005: Part 4500-N
9. luiman Standard Methods for the Examination of Water and Wastewater,
APHA, AWWA, WEF, 21°' Ed. 2005: Part 4500—N03'
10. laf (Biochemical Oxygen ISO 5815-1989.
Demand, BOD)
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a L4 . .
3. Halazda19a (Results and Discussion)
HANNINARDLANUNNUILNTINAY 55Ud 19 RaURIIAN-TUENYW W.A.2554 WAANAIANT 2 LAy 3

Table 2 HANNINARDLADNINUNUNTINAY TzNINABUNWIAN-TULNEW W.A.2554

qaLAu EETL Y ANl AUUDA AIANIN
aandiaudl | nea-sreaacti °c i
azaneluiin (pH) umhos./cm
(DO)

uN.ARARS
1.aznuntimgiinusanla 4.1-85 5.7-7.0 22-25 50-60
2. aznunytinuiany 7.0-9.3 5.8-7.0 24-27 70-90
3. azwmﬁwﬂqmﬁmﬂm:%nws‘ﬁuﬁ;ﬂLL;Jffﬁu 6.6-8.1 5.6-6.9 25-27 90-130
4. wdehemarirfinlrean 7.0-74 5.8-7.3 27-29 80-120
5. azn1u 81A7etleiiussmianansauie f. uNdu 6.9-8.1 5.8-7.2 21.5-29 100-150
6. axwudunuunvalasu 6.0-8.9 5.7-6.8 22-28 90-160
7. azwutihulvd naaugnasd 3.6-7.1 5.8-6.8 24-30 100-150
8. axvudinuusivindu-Feeuau n 4usiili fhufansna 1.8-6.3 5.8-6.9 24-30 100-155
9. lwaayindiuglantinulean 5.7-8.6 5.8-7.2 22-26 80-90
10. wilee Saneadnt] v 7 A.dhdn 2.8-6.9 5.2-6.5 24-29 100-130
11. AALIITAL walthhdtuaitiin ny 9 thudunzisia n. thdn 3.2-7.7 5.8-6.9 24-30 90-130
12. 9ALIT9AL waltidu- sl fn-usivh e a5 fhuaudn a.des 5.3-8.3 5.9-6.9 25-29 60-220
ANNATFIY a:ﬁuqmmwﬂs:mwﬁ' 23] 6.0 5.0-9.0 fIUNNTaI+3 -
ANNNATF ?:ﬁuammwﬂi:mmﬁ 3 4.0 5.0-9.0 fruNTind+3 -
ANNATFIY i:ﬁuammwﬂi:mwﬁ 4 2.0 5.0-9.0 frunNITied+3 -
ANNATFIY ?:ﬁwﬁzu@mmwﬂi:mwﬁ 5 Fndn 2.0 5.0-9.0 AN NTaI+3

wnnawe MeunaiiutiAgegauazAgn o WEaaiusaetnumiu Auatseii
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The effect of solvent on antimicrobial activity of medicinal plant extraction
9197 qulszidiy " waz QUINT niwdune'*

UNARNER

nsanpaulngaIuay 7 9tin Ae nIziRELuAS Mdeiande tdedelass ANAILYHIU LARYAWRILAY TTLTIN
nazing Inel¥Fsnazana 2 1iin Ao 1 wa 95 % lenauea snAnERaURessAvBnwlun s S uLAT B 3
mﬂ‘wuﬁ Aa Staphylococcus aureus (S. aureus), Escherichia coli (E. coli) Wa¥ Pseudomonas aeruginosa (P. aer-
uginosa) ‘Niﬂ%ﬂﬂﬂﬁ"ﬂm@@uq‘ﬂﬁﬂ%‘ﬂuﬂ\iLL‘].IﬂV]Li‘EIIﬂEI"Jﬁ agar well diffusion wmmuui‘wsmnmma 95 % LANENUDA
‘Lum@mmum%umsﬂmmmwm anunszAELLATaTA BTN finan s udafiandn Tnalennzansaiaiansiuen
veaifinansnsadutuuafiBeftsmasesliaiian InefliunmBnadalunisduds £, col, P. aeruginosa uaz S.
aureus Winfiu 13.02 £ 0.87, 8.14 + 0.80 WAz 20.90 + 0.05 HARINAT ATNATAL Lﬁi@ﬁﬁmmmﬂf;’mvﬁuﬁuﬁmmﬁﬁqwé
dusade ( MIC) Wu31HAN 32, 32 uay 8 NaANFNABNAAANT ANAIFL meﬁmm’mL%u%uﬁ’wzﬁmﬁmma\aﬂhﬁyﬂiﬁ
(MBC) Winfiu 128, 64 Laz 32 NaanFusalaaans AMualsu

Abstract

Antimicrobial activity against Staphylococcus aureus (S. aureus), Escherichia coli (E.coli) and Pseudomonas
aeruginosa (P. aeruginosa) of aqueous and ethanol extracts of Hibicus sabdariffa Linn., Anaxagorea luzonensis
A. Gray, Betula alnoides Buch.- Ham Ex G. Don, Dracaena conferta Ridl. Plumbago rosea Linn., Punica granatum
Linn. and Caesalpnia sappan Linn. were investigated. The antimicrobial activity of aqueous and ethanol extracts
was determined by agar well diffusion method. The results showed that ethanol extracts were more active than the
aqueous extracts except for the aqueous extract of Hibicus sabdariffa Linn. that the aqueous extract was more
active. The ethanol extract of Punica granatum Linn. has shown highest antimicrobial activity compared to other
extracts. The ethanol extract of Punica granatum Linn. was found to inhibit E. coli, P. aeruginosa and S. aureus with
the inhibition zone of 13.02 + 0.87, 8.14 £ 0.80 and 20.90 + 0.05 mm, respectively. Futhermore, the extract of Punica
granatum Linn. were tested for the Minimum Inhibitory Concentration (MIC) using three tested organisms and showed
the MICs of E. coli, P. aeruginosa and S. aureus were 32, 32 and 8 mg/ml, respectively. The same plant extracts

were also tested for the Minimum Bactericidal Concentration (MBC), which were 128, 64 and 8 mg/ml, respectively.

AdAy  : nsduduuaiBy, nsadnayulng, favinazans,

Keywords : Antimicrobial activity, Medicinal plant Extraction, Solvent
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1. UNU (Introduction)

tlaqiuialanliipandrdtyiungsasunsaenemnn A ugRaUNaInen 81913 LATLATENA819 THBIRINENAWRY
tedumaangradrsRssuazanuiluimesasdunnsivizasunaqiunnau naanizetwiadlywnisheste
enfiuqatn GenialiifaTymmisarsisuguiiuacinauan duunndfo fouununisinenainafiugadnadnmun
= & o S A , < & Y o oo » ! ' > ay =
Hnagnidluensinuaadngtin il Tauneaisenafiasdaindnannselssmeadena WidssmeanAsiaagodesutlszanm
° o o > @ = = < A A a @ o =
A satiuns lasulwaiiudnnadenuiiamiiaula istitlesanndsemalnadulszmenidulaasou o
WAINUAINTBININEININTINN Tnaannzetetisimanulnsndeguinuna luiannniavedine eimunsmtinusifs
wnndunulusmnzesinglitinasianllunsinelsannfiunaiumnugs uindsliduntoumszdinnandngiunig
enans anwsuasinangiduadiidnmaniaayulnsaiuin 7 98ia 1Hun nssiaauuns inasdanads fasmym
fdudelage Wenfufin e wazapyganAwas snsAneseitasaniiseiminielsudesniu fugninm
‘EmLL@‘vmminmmimmmmm’mmLLNuT,mﬁm‘Emﬂmmﬂﬂmqmmummewmenfalmﬂm‘ﬂmmmu 3 aneiug ﬂ'ﬂ
Escherichia coli, Pseudomonas aeruginosa Wa Staphylococcus aureus sﬁmﬂum@wu mmmmmmqmmmm m\m

Escherichia coli (E. coli) LﬂuLmﬂmL‘mﬁ?:mmumwuim‘l,umimmﬂuu,@mmL@@m‘qumiﬂ vnaneiugiiiuanivg
Ardngnanunsanaliifialongaansydaald Teainnisiinsydsaesdniingzumingn naNALANIIA NIENINAIBITTUAT
7189197 nulsngaansziasludsumauntbendlavilszinns 1 fuse TnaanvetneEs £, coli 0104 : H4 Ay
Aoiiatln.A. 2554 wudnilu £, coli anaiugnanunsonanasisaiinguuseiiihuielsalungy Enterohemorrhagic
E. coli (EHEC) fianunsnnanasiudniviendu (Shiga toxin) Swinliifinanisviasiosatneguus uazanaialom
wnsndaunnalm [1]

Pseudomonas aeruginosa (P. aeruginosa ) {uanwsdAtyreanisinmeadslanialulsaneiuig aaunsngin
ansieuaziaulmllEvaaaiia TelldaudrAnylunimmalsn wealialaunsnfada lfisnialulazniauen lsasiamad
\inAann P. aeruginosa un TsaimTianiadumialadouans azlssus lduaniainisauieainisguiss nsRamenIg
a o a Yyo vaa o & A o A o go A A a a & =
Aomisansnsadaliiuinduaalwivng @earhliiudauounuuain e e auazifianisinmalunszusaidannis

Fe i aym o Ao A s Hd s PR
N1 wananigana inalsanaduazay o wu Aadenmiaaudaatts i a0 soniandnuiieniala [2]

Staphylococcus aureus (S. aureus) \HuuuanzaniuavadAyaeslsasnmouuiions lnaanizlsn Huues
wananfduilumaasslananalsaludileeNTsanusenuerite ARFENULIAUNADADN WNAAINNITHIFR 1TRAz1NIN
dinlludededuluuazidingnezuaidenuninszansaan llaudausing o 1eeieniauazvinliiiialen [3] wenanil S.
aureus failluanmndAryreclsnavinailuine [4]

lunuddaldvnnsanaaséaslasldsiiazans 2 slaufsauaulss@nsninsanisduduuaiBe Aatuay
wnouea TnevinnmeageunraduduuafiGudnds Agar well diffusion AIN1ILKAIMIAT MIC ( Minimum inibitory
concentration) WazA1 MBC ( Minimum bactericidal concentration) AMNanAL mul,w'aLﬂuﬁu@mmmmmmmmmm_|
ﬂ@wmmmmmmwumqmmmmmwLiwfamuu”l,wa*l,l,mwnum feazanansnii lWansesesluidasesneiimm
ansarpliiduszAvan g auuazinansarimld Vs lamd luiusing y ednaiilsz@vianmicludnunsiamnifuen
A gy P = a o - Ao o A Lo o & aa ' '
Weldunuasinuaadn nandugiieganiniidiunasaesasainainayuinsnigneduduTewuanEy W ayivan
Yy A A o eo A, & o v @ oy = a &, o
file nanduTInANazeansTawazan BT ludnuaskald Wusiu Seesiiunisanioywinishesiaansinu

A a Y | P a P < 9 A P
AaTINLARAINaIdLATz Bnvisdtannnsndasufitfoyuiasegiatestssnalianmailsdiaananane ieagulng s
Funsimudunandneisng o dssrmuiiandatnsumnsuane azinliiayulnsstintiuasnsaimunduismssgiald
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W NININYIAINRITUINIT

aa a o .
2. 98Nn1999¢ (Experimental)

2.1 MssENAIRENdyulng

oo = 3 le ¥ P 2 ° o o a ° o A ' ° o
anulnan i lunisfinsmasesniaiuansdiayalunsed 1 nszRsuwne AT MauRelads At

wayamnaIas ez §idelageaniuaneeuaniusnluaangamny uazdmdnanyslugluesayulnsuisuay
anusdunazigen FFLMLTINALNAARTEUINGRBUROUIEUIAZNINIIAN W.A. 2553 A NAANWNSITRaNL3
° P % . @ - o P o § o @ ° o o a
thandeliiazenn uandaumaneanainiaenta tildenusiuliifawadnuay tldevwisigumgitssnin 50
avmaaidaa iwean 24 4alue uasaniiinnisuaiiunliiaziaan

Table 1 Information of some Thai medicinal plant species selected for antimicrobial activity

Medicinal plants Plant species Family Part used
Sorrel (m‘:ﬁﬂuum) Hibicus sabdariffa Linn. Malvaceae calyx
Kamlang wua thaloeng (NAIT2L0RY) Anaxagorea luzonensis A. Gray Annonaceae wood
Birch (Mauidalng) Betula alnoides Buch.- Ham.Ex G.Don Betulaceae wood
Dracaena conferta Ridl. (ﬁ’lﬁdmgmu) Dracaena conferta Ridl. Dracaenaceae wood
Rose — Coloured Leadwor (mmag‘mwﬁmm) Plumbago rosea Linn. Plumbaginaceae root
Pomegranate (fL7i%) Punica granatum Linn. Punicaceae peel
Sappan — wood (H4) Caesalpinia sappan Linn. Caesalpiniaceae heartwood

22 dumaunsanAfIuARANENL
mu%”ﬂ?ﬁﬁ@rTmfmaf«mﬂmguiws‘imﬂsl%ﬁqw"mmm 2 4iin A8 191 LAY 95 % LONIBTUEA
2.2.1. msarnlaglFtinfusvnazans
mmmuﬂm $1uu 100 N34 Rk Buams 500 TaAaRs (ﬂm'}mummuﬂmmm 1 6l 5) NS
il seawiEenduinnn 10 Wi onasudnfielifudensesdaefingnanng iuansasa dsannshuinnuRnsingn 500
Taaans 1 lududemuBansFEn 2 Ak eefuansaiava 3 afeTiliansutu thansainllszmelidiugo
mdi'mizmmgmapmﬂ (rotary evaporator) ﬁqmuqﬁ 40 - 50 BaALTATEE s niNsTIMEnenay BT ANy
Huwilen anailidandn © ansataneu” (crude extract) FaiwintinanAuanim % yield fagas waziiuansaiad
HAE fugnigdl 4 esrnimaidas aundnaziwmageunsiudauuATEe
% yield = weight of extract recovered / weight of fresh dry plant
2.2.2. naanalagld 95% lansuaa iludaviiazans
Farsaulnesnunn 100 nFu Fin 95% Lensuea Piunms 500 Sadans Uaeladin vilaedon
Fisaaiein ﬁammﬁ 40 agAEATd AMIEITaL 100 WP unan 7 AU Winangesfnanszane whatman Lwes 4
iauEngufetaiiTann Fnnnsaindian 2 AxsaeRansRNALENaTATa 3 AXTLENNTINT thansaialiszme
diudiufanieanduszvegayane (rotary evaporator) igniugil 40 - 50 esATaldg udtansseLeanages
panazliansitiansnsiumilen aafiliendn © asafavenL” (crude extract) FAMENENENAILIOIN % yield
sagns uaziuansana i dlilugfiugnmni 4 asrmadgaundinazimmageunisdudouaiide

% yield = weight of extract recovered / weight of fresh dry plant
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23 MeNARALNENTSUSILLATEaAaeRT Agar well diffusion [5,6]
2.3.1. MTATENANIANA
WREINAN AT ATAENAdaLTIsY AL AT AN " An 128, 64, 32, 16 uaz 8 NadAniNseNadans tne
Wdaugnsanavenuniazanafog 1% DMSO (Dimethyl sulfoxide) uazin il Aannidalaenisnied Bidansesd
Haung 0.45 Tulasiums
2.3.2. uuAiBuaeiugitilunmesay
wuATFenlinageuutaily wuafi3aunsuuan 1 a1eWug Ae Staphylococcus aureus ATCC 25923
UWAZUUATIBEUNNAL 2 AneIviug A8 Escherichia coli ATCC 25922 uaz Pseudomonas aeruginosa TISTR 781
2.33. mMamageunIsuduLATiGe

|
a A ea

quliiiudnAandannida (cotton swab) quideqauidndsuaagulildlndiAasty McFarland
standard No. 0.5 TiadnaruaTaana s liivuns uazthedan ) UURantinam1s Mueller Hinton Agar (MHA) lu
mumﬂzﬁ”@‘ummz’ﬁwhu@uﬁnm\a 90 vruFwms Tnelunisthelifleuuy 3 ssuny wiazszuuinyuiulszunn 60
A9AN mi’\'immfulfﬁmmﬂﬁ@ﬂ Lu8% 2 (cork borer No. 2) ﬁﬁmmmiﬁumu@uﬁﬂmq 6 NAALNATLANZANWITUTIANUAE
2 vgu m”qmmfuuﬂfaﬂmmﬁ’mﬁﬁ@qmiwmmmﬂumm 7 8¢ 20 lulnsdng tneldentjdsuzaaausu filnea A
dindiu 1 Sadniusiediaaans (Il positive control ka1 % DMSO i1 negative control @ﬁmfuﬁﬂﬂﬁuﬁ‘qmﬁqﬁ 37
aernuTalTe 24 G2l ﬂ'mmimﬂf'fmmmmu?mmﬁlﬁLﬁmﬁ”m@wqummiﬁymL‘%w@ (inhibition zone) Fnanafitias wiag
SRR finnnImaaesiianin uazaenauaies + muLﬁmmummﬁm

2.4 wwhmwLﬂﬁ’uﬁuﬁ‘i’qqmﬂnmmmﬁ’mmnmgu'twsﬁmmsné’uﬂgqL%?fa (Minimum Inhibitory Concentration, MIC)
memmmL%u%uﬁqa;mﬁmmmhﬁ”@ (Minimum Bactericidal Concentration, MBC) Tm@?ﬁ Broth microdilution
assay (2 fold serial dilution) [6]

241, nawRELLUATIGeTlEnagey

a

AeaF e luevaLAsE aTTinimMa Mueller Hinton broth (MHB) 10 Hadans e 24 $alua ﬁlﬂqmmu
37 RaANLTALTE A ilﬁﬁ”fﬂmﬂi?mﬁmmimLﬁﬂummﬂumﬁu 0.5 McFarland standard ( Fotlsranni1.5x10° CFU/mI)
wRIaNTAeAN Bt A lusmsdan 1: 100 azlEiFetlszanas 10 ¢ CFUMI Willude Gudnlunismagey
2.4.2. naFTENdTaiAdMTLNAdaL
AenansaiantianuauisalunsfussunaBeldranuanimaaesludie 2.3 imagay w1 MIC
uaz MBC Inerfsansaraayulnglflfanaudindiufuu 128 fadniurefiadans laathdauamsariaueiumazaiadon
1% DMSO (Dimethyl sulfoxide) LL@t‘ﬁ’ﬂﬁﬂﬁ"]ﬂ@’mL%y’aimﬂﬂ’]ﬁ‘ﬂi‘mﬁi’]uLﬁ’ﬂﬂﬁ"ﬂ\‘iﬁﬁﬂlu’]mg 0.45 lulATiims wdeanmiu
nnsiReaansanafsaemamas i Audisduanasuquas 2 Wi (2-fold serial dilution)
2.4.3. NMIVUBAANTATAIYAT L 96-well microtiterplate
Hulnensidsaderiinma MHB (Anudiadiv 2 wih) Mmimqu‘ﬁ' 2 — 11 viguaz 100 lulnsans
mmfuﬂLﬂmmmﬁm‘?{Lm?‘w‘l,zi@ﬂwqmﬁ 1 wazuga 2 nquaz 100 lasans wdanananmmagenlfidnilungui 2
anshidlilmansazantluvgui 2 Bunns 100 Tulasias lldluvguit 3 uasindwdaaiuaufioqad 11 lungud 11
Wiliaansuaniia 100 lulasdng Waansunuaetiuaiizeilsionilaadunugu oz 100 lulasans Teluuaad
E 1-11 uaz F 1-11 911 positive control Tmﬂ%mﬂﬁ%qummLL@N?\Iﬁm@@ﬁi:ﬁumwﬁﬁu 128 HAANSUFARNARART
UAZ INN9IRBANAARINGNAT 2 WindauemsiRe de Tassesy ArudadiupsauinguArdaiivaes asataiinagey
An 128 — 0.125 Nadnfusaiadans dauuna G 1-11 uaz H 1-11 flu negative control tnaild 1% DMSO Fszsunanu
indiu 128 HadnFusaladans LariINI91ana WANAIGHNAL 2 WindntesIAEITe d9szALANNinduATaLARN
Adiniuresansaininadeude 128 - 0.125 faansusefiadans ﬁﬁq@qﬂfuﬁﬂiﬂﬁu%mmﬁ 37 sATalTea
Funan 24 dalug

15AITHANIYITING NTHINENAIRAS LT V
Ui 1 auiudi 1 ans1An - Agurzu 25551 102



¥ v, = § o
W NININYIAINRITUINIT

Tmiia
L0 1 2 3 4 5 6 7 8 9 10 1-1 - 12

A k) MHB MHB MHB MHB MHB MHB MHB MHB MHB MHB
Anm + + + + + + + + + +

@3 /13 @13 @13 #13 anm @13 /13 @13 @3

anim anm anm anm Anp Anp anm Anm anm anm

B A7 MHB MHB MHB MHB MHB MHB MHB MHB MHB MHB
Anim + + + + + + + + + +

@13 @13 413 @13 @13 @13 @13 /19 A3 /N3

ann anm anm anm anm anm anm anm anm ane

C a9 MHB MHB MHB MHB MHB MHB MHB MHB MHB MHB
AN/ + + + + + + + + + +

@13 /13 @13 @13 #13 A3 @3 /13 @13 @13

Anm Anm anm anm anm anm anm Anm anm anm

D A7 MHB MHB MHB MHB MHB MHB MHB MHB MHB MHB
Anm + + + + + + + + + +

a9 a9 @19 @19 /19 a9 a9 @19 @19 @19

anm anm anm Anm Anm #nm anm anm anm Anm

E PC PC PC PC PC PC PC PC PC PC PC
F PC PC PC PC PC PC PC PC PC PC PC
G NC NC NC NC NC NC NC NC NC NC NC
H NC NC NC NC NC NC NC NC NC NC NC

Figure 1 UAASLNUEIN1INanAANTasa18ad i 96-wel | microtiterplate
UNELUF PC N positive control

NC 0 negative control

2.4.4. nafuinus
‘uu'wnmmmmmummmslummuw,mmmm Tmﬂmmwmummwrmwslml,l,@””l,umwn@umfaqmamﬂumu

n@mm’mmeuwmmumﬂummmmmummm‘lummummimmmmm@ (Minimum Inhibitory Concentration |,
MIC) mﬂuuﬂLﬂmsﬂmmmmwlmﬂm‘m 1507m3 0.01 AARART ALK Mueller Hinton Agar (MHA) L&a spread #ng
wrisufiose Mtz mengungd 37 asamaidea Wunan 24 4a1ae uazeunalaein@elssyuueunsiinna
5 Ialatl DadnAnudisduiuliarunsosdeuuanicalf utdemsguuainistiasndt 5 Talall Dadiaudinduiu

] di/ aa ] U
anunsnsindeuuafitels Wuen MBC
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3. HALATIANTD (Results and Discussion)
3.1 msanaayulng
ﬂWiﬁﬁﬂﬁ%ﬁqmmﬁmmmﬁmummwnmﬂwﬁqmu 7 4o A neziatLuAe Mdeiaina fndadalade tds
WUNIU LARYANAILAY IABNTiLTiN uaz g Tneldvi uaz 95 % tensueauiusainazany wasinliuiednairies
mﬁlvm‘:mﬁqm;mg’m’m (rotary evaporator) &1 3u10u18981981R FaugnslunnIng 2 suandiasazansansafai e
Feumhviinaeudeeansanying

Table 2 Percent yield of medicinal plant extracts

Medicinal Plants Yield of aqueous extracts (%) Yield of ethanol extracts (%)

Sorrel (ﬂ?:L%F;I‘LILLm\ﬁ) 65.25 14.43
Kamlang wua thaloeng (MNA992L04Y) 7.55 19.02
Birch (Mnaadalada) 15.69 31.46
Dracaena conferta Ridl. (ﬁwzﬁ"\imému) 11.26 11.04
Rose — Coloured Leadwor (LaRyANALLAY) 38.78 6.44

Pomegranate (YiL7i) 46.63 52.33
Sappan — wood (614) 6.80 15.76

anuamsarniTasnsiaefarnazarefuansnaiuie 1h uaz 95 % ansiuea wudn umsarnaslng
Fnusarinazaneiuananaiuiuasediunnasil Tglunisaindu wudnsseuuneiitiunm ATANAFIAN
AE%RHAY 65.25 999AINNAD VILTIN laRyANAILAY MAudelaf AMdamLNu AMAinae uaze e Afiunniansanin
%ataz 46.63, 36.78, 15.69, 11.26, 7.55 uax 6.80 MuAWYL dauarsainildannisaialneld 95 % lensueaiilu
Faninazany wudl HuindlEnimansaningeganeienay 52.33 sa9a9nn Ae Maudalade Adadanas tha nesiAEy
WA MINAIULHIL WAT IRAYANAIUAY HiBNaNsainTasas 31.46, 19.02, 15.76, 14.43, 11.04 UAT 6.44 AMNAIAL
ﬁqﬁLﬁQQQﬁﬂmﬂixzﬁﬁﬁaﬁLﬂumﬁﬂi:ﬂfaﬂuﬁmmﬂm fanmanansaluntsazanely fnazaneliunnsineiu il
nadanfTazaiapasiansandeannasnnsnlunsazaneansdndyainiiga wananilavsiansaniapeuae
7 e mangn ldifluRusiesnane Tszmedevitesnniiuly uazpasinildsanmaesitgaslnaivnnsara [7]

32 mevagavlszAninwnssiudanuaiiasaeds Agar well diffusion

m@mﬁnmmuﬂa‘zam%mwrmﬁuiiL%yfaQauw?‘ﬁmmmmﬁmwmmwnmguiww{i 7 4l Al NezAELILAN NS
Funds MauAeTA MANIY ARYAINRILAY LWRNTILTN uazkna FFannisaiadagti uaz 95% lansuea
ileviunmeaseuaugansalunstudade £ coli, P, aeruginosa Waz S. aureus tnald38 agar well diffusion Uaz
fansanpauanalumsdudunai Buantunzesdalaninngy (inhibition zone) FuanINAlLANTI9T 3
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® nsudnegnmansusnig

Table 3 Antimicrobial activity of aqueous and ethanol extracts of medicinal plants

Diameter of inhibition zone (mm. + SD)
Medicinal Plants Solvent
E. coli P. aeruginosa S. aureus
SorreL water 11.40 £ 0.42 10.02+ 0.43 NI
(NFIREILILAN)
95% ethanol NI NI NI
Kamlang wua thaloeng water NI NI 11.12 +1.53
GRIASERIGRN)]
95% ethanol NI NI 11.86 £ 0.38
Brich water NI NI 13.90 + 0.11
(Mnaadalnga)
95% ethanol NI NI 18.08+ 0.93
Dracaena conferta water NI NI 15.25+1.39
Ridl.
(Maswyw) 95% ethanol NI NI 18.21 £ 0.59
Rose — Coloured Lead- water NI NI NI
wor
(AnYANEILAY) 95% ethanol NI NI 20.42 +0.91
Pomegranate water 12.50 £ 0.66 NI 19.72+ 0.89
(Nunw)
95% ethanol 13.02+ 0.87 8.14+ 0.80 20.90+ 0.05
Sappan —wood water NI NI 20.79+ 1.62
(1n4)
95% ethanol 9.15+ 0.28 NI 22.26+ 0.39
Chloramphenicol 1Tmg/
95% ethanol 21.47+0.39 21.6+ 0.69 27.6+ 0.07
ml (Positive control)
1 % DMSO
) water NI NI NI
(Negative control)

WNNBLME) NI unw No Inhibition (ldefusiafiounafiize)

v
o
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Bulletin of Applied Sciences
Vol.1No.1January-June 2012



v
A

AMNNANIINAFALAINNAINITD 1NN TDAUYIFTUAIA1 AT AN LA UANNT WA 15N y Aa 128, 64, 36, 16

a

uaz 8 Naansusaiadans lnadl positive control AR AaaLINATARaANdindy 1 Hadnfuseliadans uaz Negative
control 8 1% DMSO Wuineaaussifineasusadiudade E. cof, P. aeruginosa Waz S. aureus 1§ TnafiA1aune
ranslafAnTuAR 21.47 +0.39, 21.60 + 0.69 WA 27.6 + 0.07 TARIAT AHAEL § 15U 1% DMSO wudn laidaaly
nadudedenundiFeias aneugTaTnImagey uazdmuasataayuinsfisssuaadaniu 64, 36, 16 uaz 8

o 1 a aa 1 o 3 dlgl al a dl o o = o :/j &9/ aa Q/dl o
wredadans lufnanisdududenuaGaninnmasey arsarnayulnsinadudutouuaimalénseiunain
7 128 NAANTUFADNARANT AT

Haan
v v
g

'
=

ansannNaunInduduTe £. coli 1 Ae arsaineninuearesiuinnaudindu 128 Jaaniuseladans
ansndugudaliunign darruavesBulaniiatuwini 13.02 £ 0.87 JAAINAT $9IAINIAD ANFATANNLE

a

Fufin ansaiarirensTRaLLAS kavaNTaTReNaHeATeH AR 128 iaAnTureRaaAns SAnTuAm AL
lafiinAuAe 12.50 £ 0.66, 11.40 £ 0.42 uaz 9.15 + 0.28 TAANAT AWAAL

ansafifansnsadudede P. aeruginosa I e ansarnrnaensydauunsudeliinnigauazansaiaiensn
ueaTeiLTnTiAudindy 128 Hadnfusiefiadans aunsndudlisasaendmmnaunlaniisiuie 10.02 +
0.43 UWAY 8.14 £ 0.80 HAAINAT AINAAL

ansarafannsndudade S. avreus T nudransaipiinosudaiiu 128 fadnsusefiadans Heuynain
anansndudade S. aureus BnuaNIARANIHALLLAY Lmzmmﬁm‘fﬁmmmmgmwﬁmm AINUANNINAREY Aziiuls
dﬂuﬂ@:mmmmﬁmL@V}ﬁﬂua@mmmﬁ’uﬂz\iL%y@ S. aureus Windn Tnsansaimansiueatastg Ananuidadiu 128
feanfusiafiadans dudadelfunnigediauneiianiladliiniu Ae 22.26 + 0.39 faduas rasasnAeansarin
LENEIUBATDITLTIN LAAYANAILAY NNAWUNIU TAYAeTAS wazindeininasiiaauidiniu 128 Sadnfusiafiadans
finaunisianslaflifindu fe 22.26 £ 0.39, 20.90 + 0.05, 20.42 £ 0.91, 1821 £ 0.59, 18.08 + 0.59 U 11.86 + 0.59

a

Hadwns MuaaU Auiuansaindostinudiansanadisiacnudindu 128 faaniuseiafans aunndusslinngs

o

HAnaunnislaniinlu Ae 20.79 + 1.62 FAANAT $09AINNAD ANFATANLIAN MAMLNIY Maudelade uazina
Fandsianududu 128 faanFuraladans Aunnuesidanlaniialu An 20.79 + 1.62, 19.72 + 0.89, 15.25 +
1.39, 13.90 + 0.11 Az 11.12 + 1.53 NARINAT ATNANAL

a

mtﬁmmmmﬁmﬁﬁmemmﬁmL@mmuﬂmmﬁﬁﬁﬁmmﬁq Andadalnga ANAINYHIU LAY LAAHALNAIUAINL
mium@iumsmumm E. coli uaz P. aeruginosa LmemnmmmewmﬂmL@wmum BINNAITIDAY NaaLanTAF

mmuumu [1%3pst LWWNZ\]LW@QLLW\‘I wmmwmu 128 AAANFHADNARAMT ZQ’]N’]?E]‘EI‘LIFNL‘H@ S. aureus 1@ LNAUANTANA

1
al

LQWH@LW@QLLﬂ\W]Z\i’]ﬁJﬁ‘ﬂEI‘LIENLﬁ@ S. aureus lA@N1ZANATANANTARILENEUEA 7 wmwwmu 128 HAANTUAANARAAT

o a

waziAnawatTanlaniiniulndiAaeil positive control AR 20.42 + 0.91 NAALNAT AIUANTANALITEINAITINE

o = I o o = ¥ v a a o 1 a aa I 0 o =l ¥ v a a o

nasdelage AndamyuunaNdinguy 128 Hadniusdeianans wudn Andamyuiu NaNdindu 128 Jaaniusie
Hanans ﬁmmmmﬁmmslmﬁLﬁﬂ‘*ﬁ?‘mf”mmnﬁqm savawnAe fnaadelngs uazingeaunds faonadind 128 fadniu
fiefiaaAns RN ALRRSlAT AATIWNGL 15.25 + 1.39, 13.90 £ 0.11 uaz 11.12 + 1.53 TARWMAT AMNANFL A3y
ANeainLENIIUEATRINAYINNAS Pty uazindadelrdainanandind 128 Redniusiefiadans fehauiniiion

laiinTu 1winfu 11.86 + 0.38, 18.08 + 0.93 LAY 18.21 + 0.59 RARLNAT ANANGL
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o = ¢ o
W NININYIAINRITUINIT

v
o

LN@W@’]?DA’W’WT’]N@H’WHUE\?LLUV"IV]L??;IINJV]‘W?QN@ LMHVLE’VJ’]’&’]?@TW@‘ﬂ’]ﬂLﬂ@@ﬂ%U%M‘ﬂﬂﬂﬂﬂ’m 95 % AN

Ut Nﬂ?”@%ﬁﬂ’]Wluﬂ’ﬁHUH\iLmﬁV]Li‘EIVLﬂWV]’&m 2A9AINAD ’sﬁ’]ﬁ"&ﬂﬂﬁhx‘ﬂ/]@ﬂmmﬂﬁ 95 % LangNuea "TN‘VI\T@’]T@ ﬁV‘l/\‘i

A o

2 ‘Hﬁmﬁﬂﬂ@iﬁ’l@’]ﬂﬁ?ﬂg‘]_lg\‘iLL‘LIV’W]LTEIVLC'WNHQNLL‘]_Iﬂ‘VILﬁ‘ﬂLLﬂ?NU"JﬂLL@ZLLﬂ?N@U muu Auansaialaenyiufiunans

©

Kt 95 % LevTuea uaza1sarneg 95 % ensuen linnnsdnesie Weweadindiuingeiiatunsadue
L%”ﬂisﬁ (Minimum Inhibition Concentration ; MIC) memﬁ'ﬂmwLﬁu%ué’ﬁqmﬁmuwaajqﬁy@% (Minimum Bactericidal
Concentration, MBC)

atinslsfimuannuanmageumstudedaqaurituesansataayulnms 7 4in axduliinasaia aziiua
fuiredeuuATFUNTILAN S. aureus NANNTIULIATBIUNINAL E. coli UAE P. aeruginosa T80 AAREIRLISEUNA
NN93481994 Parekh LazAy (2005) ”lﬁ‘wmmumiffuﬁ”@mmmmﬁmmﬂwaﬁlmﬁ’m5qu'umwmwmum NUINAIANA
muium‘lumﬂmiﬂumLLUﬂ'wLammmmnmnﬂfnLmﬂmiﬂ WNINAL wiufl,ii@wqm,mﬂwuﬂ unsuauRdaulsznaunianail
uarlnseaseresiimadfitudauninninmadreuuaiiGaunsuuon dwidusaduequuafiGaunsuauianssyney
WIN phospholipid lipopolysaccharide WaE lipoprotein ¢ LLM"%‘IA"H@G peptidoglycan 'fi‘mmwalﬁmmﬁmgﬂwwﬁﬂﬂ

VINANETaILNIUNNIMNULTaEe s sresuLAN FaunsaUlAannduuanEaunsuuan [8]

3.3 wnmanNdNtugarasssannanayulnsNagnadugada (Minimum Inhibitory Concentration , MIC)
LmzmmmmL%u%uﬁﬁqmﬁmmmmﬁ@ (Minimum Bactericidal Concentration, MBC ) 1833 Broth microdilution
assay ( 2 fold serial dilution )

nsApNdinduigaNNgBEUEATe £. coli, P. aeruginosa WAz S. aureus TBNANTATAVILTINUAZANIATR
tnafannfiag 95 % lensuea Fauiauiuaseusaiiinea Tl positive control Laz 1 % DMSO gy negative
control 3% broth micro dilution assay Wudna1saaausKiinea HArANdindunngantgrsdudautetienndi 0.125
Nadnfusiefianans A miuansainanuaeniufindaipndindiunnganionadudaie £. coli, P. aeruginosa uaz
S. aureus WiriL 32, 32 way 8 NaAniuseNafAns AMNAIAL wazarsaialsiAAdindunganignBdudTe E.
coli, P. aeruginosa WAg S. aureus Winfil 16 , 64 UAY 16 HAANITNAANANARNT ANNANAL UAZANTAYANY 1 % DMSO BIN
\flu negative control iuquﬁﬂummimmﬂmmmmmmiﬂ waneua A9 3

m@ma“wmzﬁ@ummm’mmmum@mwmmmmmm E. coli, P. aeruginosa UWaz S. aureus 18NANIANATILAN
uazansanmelnananasae 95 % lanauea IWiauieuiuaaausniiinea Baflu positive control waz1 % DMSO @iy
negative control Tn&ids broth micro dilution assay Wi asaaausniBAaaiAANdinduAgaNa N ssTe 1A
AtieENadn 0.125 Hadniusediadans dAniuarsaninanilaeniuiindiracudniuiganaimisosinge £. coli, P.
aeruginosa WAz S. aureus WBRAWINTL 128, 64 uaz 32 FaansuAeNafans AMNAAU Lazd13dannenelAnAndiy
fusnganannsndudaie E. coli waz S. aureus WML 128 Uay 64 aAnusaNadans AMNA1AL ue ldinalunissin
g ) o P Sy o e & , Y A = =
8 P. aeruginosa thenaitiasanludhaihilianseangnaniinalunissinge P. aeruginosa liviseiianseangnsusiena
avang IR lunnazanuaunladld 95 % lensues TedenAResiLa1Aaaae Vudhivanich e Supanuntorn (2002)

oA a A o A o v A v v o 6 v SAa o o a
Wud1 Nrdameaiunaindaensueaniandaduinsiulitinnnanseengmaninalunisdudanisiasyaes
& o = o . P S & a PP Al
VT6i19Tl UAZA1TATATE 1 % DMSO Guiilu negative control IR MBS LEIN1TIA3Y109ULANEE UAAINATUATTIT 4
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Table 4 Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of test herbal extract for microorganisms

MIC (mg/ml) MBC (mg/ml)
A19ENA
= P. aerugi- S. P. aerugi-
Wmsﬂu“l’w'i E. coli 9 E. coli 9 S. aureus
nosa aureus nosa
wlaenyiuiiy 32 32 8 128 64 32
AN 16 64 16 128 - 32
ARALINTALADEA <0.125 <0.125 <0.125 <0.125 <0.125 <0.125
1% DMSO - - - - - -

1o a’; dl” aa
UHELNE - UL Lifududawuaiite

4. &1 (Conclusion)

lunsdneuatesiarinazanata 2 9l e 1 uaz 95 % iensueslunisarnasyuine$ i 7 1iia Ae neziaey
wAg MAINNAY MNALATAT MNP LaRYaNAILAY lWRENTLAN uazine sminaaumaulss@nsninsie
natudaunpdie 3 aeviug Tnadhuuuefi Feunsunan 1 aneig W Staphylococcus aureus wazfhuuupfi Faun
a1l 2 @nesiug 1w Escherichia coli ua Pseudomonas aeruginosa ”LuLﬁymﬁuio’ﬁﬁ’mwwmequ%rﬂ’]iﬁugq uuAiEe
1833 agar well diffusion wuinaslnsfiaria #ae 95 % ansuealfinansdudeuuniiae Fndnh uazansaingou
InilnasiennsdudeunafizaunsILANINNI UL ATIRELNsHAL LAz lLNMARBIARENUANANTa RN W ReNTLTLT
afindng 95 % lensueaanansnd AT R i maaes AN asariniady I fsmageulaganunsaduds
wupfiBelii 3 aneviug SinunaBnndalunsdudade £, coli, P. aeruginosa uas S. aureus Wi 13.02 + 0.87,
8.14 £ 0.80 4AY 20.90 + 0.05 NARLNAT AINAAL Lﬁﬂﬁ’m’mqF"’]"]ﬂ’)’mL%N%uﬁﬁ’]@mﬁﬁq%éﬁuﬁiL%”ﬂwufj’]ﬁﬂ"] 32, 32
uaT 8 NaaniNAeNaRARIAINAIAL LL@Zﬁﬂl’lﬂ’]’mL%N?ﬂuﬁi’]@ﬁﬁ@’m’]mﬂi’n‘dﬁy’aﬁﬂ 128, 64 UAT 32 NAANTUFADNANANT

'
o a

o o K =2 :: dﬁl o o A s ' A 4
ANNATAL TINaaNNTANEMAReIATiiaunninansainaniaeniufinuazene luwmunsesen s Tanlluu

ks

NISHARENNANUENFNLARTNAIATIET ARSI ANavealRgvEsiuwuafiEe el lwewnas
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nsANELFELAELABAFANAIRENITINENARD AT UYRUUYISE
A Study on the method comparison of rice sample preparation for inorganic

arsenic analysis
w4, 453U AuAdand”, waye wiisuinees'”

Qs 1
UNAMaa
Ao aao A = = aal = o A py a ae [
nadstidnnUszasfineAne i FauinaLasnswranfae RNz anNenEN AN s yatuad udinn
nsdnLEnaiansuyetiuvistaz lfinatia speciation fiaeiAzas HPLC-ICP-MS 35Adnann Aadniiuuy ion exchange
wazansraeuiuasazaratiiesuenludlaunaamn acuunga-A1g 6.3 wiransaetnalaatindinanenNzann
anpanIuysog 2 38 Ae JaannfaunInlnsvigeelserd@ssniunsalusan (Trifluoroacetic acid, TFA) ua¥asn19ainfae
4 I o o . A e sy am ey d
LATRIENANTANEILALNNAAYINDEY (Solvent extraction with sonication) WU NSLATHNAARENARERTATAATLLATE
P a Al a % a el o = a & o ' | aal o v
uenanafie@eanianNngeliinanistinansilisyAuanuiies 2eensinssidetegendnsaiafaeanalasnges
{90@m3N %qm@ﬁfmLwlmmﬂimmimLmimmmwgﬂﬂuvﬁ‘ﬁ(as As™®) B8R 3AINa19RNAITUNU (Interference) 11N
= vac = o ] % ac o Y ‘ﬁ‘ b % al nﬂld -ﬂl o o =S v
AW BLAT NN ATANT AR ELATENUENANIFEIALN NHANNIGIAMTLNTAN LN an svy luding uazain
nsAnsmEanuansuyluiinavenssfidediy wudi faetedinavenssa TN M MisNARE199 0.072-0.075
HaanFu/Alaniu uaztFunansyetiuviad aglugag 0.032-0.039 Hadniu/ilanin

Abstract

The aim of this research is to compare the sample preparation for inorganic arsenic analysis in rice. The
measurement of inorganic arsenic in rice using speciation technique with high performance liquid chromatography
coupled to inductively plasma mass spectrometry (HPLC-ICP-MS) is described. Arsenic species were separated
and determined by chromatographing extracts on ion exchange column with ammonium phosphate buffer as the
mobile phase at a pH 6.3. Jasmine rice was extracted by 2 methods, treatment with Trifluoroacetic acid (TFA) and
solvent extraction with sonication. The study showed that the sample treatment by solvent extraction with sonication
gave the better accuracy than the sample treatment with TFA. It may be resulted from the interference on inorganic
arsenic (as As(V)) chromatogram in the sample treatment with TFA. Then the preliminary study for total arsenic and
inorganic arsenic in rice was done by using the samples prepared from solvent extraction with sonication method.
The results showed that the total arsenic in jasmine rice samples ranged from 0.072 to 0.075 mg/kg whereas the

inorganic arsenic ranged from 0.032 to 0.039 mg/kg.

Ay 9, arsuyefiuvid, arsuyduried

Keywords : Rice, Inorganic arsenic, Organic arsenic, Speciation
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1. uNUI (Introduction)

nAnSEmaneaniuduindAydwidszmaluanginmaedeu Inaenzetsiindaiuememdn
vastazmauluvane) dssna nadiulnzesnsfngesmandszmaenBautuaunannniaifiudnaninnienisfinag
HANARNINISINEAT URaAITIE luusaztlisunalneinisdsaandaulsunnmnn wafdsilymdiuannin
duknAntuduszes iy miﬂuﬁjﬂummmﬁwﬁﬂmiﬂmﬁfauﬁhﬂ lurdassnsinensinemsmanii arstudieu
wilaidnylun AUy flmammm@g’L‘ﬂuizmﬁqﬂﬁaﬂutﬁaummmau@u%ﬁwdqmﬂ Imﬂwudﬁlﬁvmmmaugﬁwm
ﬁﬂuﬂyﬂu'lu%q‘ﬂmﬂL@?ﬁlﬂ@%ﬂuﬁqq 0.004 - 0.5 HadAnFu/Alanin luuedaunuLENIMgane 150 - 250 Ha@anin/Alaniu
mmmmm@ﬂmﬁ@ummdwmmnaum:uﬁw Saufnnnanunsaazasansuy (bio-accumulation) liunnningnyi
FABL UAANANTTNLEUATE ARQUNINYBILTTINTU Lwi@:ﬂazmﬂﬁqﬁmm%ﬁmumﬁmmmiﬂuLﬁaummmmgﬁ
waznanlssmANNIINUUAABNM494R (Maximum Level : ML) 28941311

answyinylusssutpudaili 2 ngu Ao nguanswgdurind uazarsueiuid deanmglungueduidifuansmy
ﬁﬁﬁwmﬂﬂfjwmimﬂzﬁu%uﬁé mim@ﬁuﬁﬁﬁﬂwmﬂ%miﬁLm' Arsenite [As(Ill)] 4ag Arsenate [As(V)] Tedau
Tnagwu i uAumnznausing waziin uwnaamzlgnivasandennannnisldenstunassion lusmiauwazdninziaingg
azangrsdluBanngalazaslugas 1-100 Aadnfu/Alaniu ansvylunguuidamdu (Methylation compound) &
Monomethy! arsenic acid(MMA) L&z Dimethyl arsenic acid(DMA) Gafifmtiaeuaznulu Bunasliunnlunansomianmns
1NzLa 49U Arsenocholine(AC), Arsenobetaine(AB), Trimethylarsine oxide(TMAO), Tetramethylarsonium ion(TMI) LAz
Arsenosugars agjlunguansuyduitdilaiie HiAnansie luevnsaznuaeuyeiiuitd 2 flafidndnyie Arsenite uas
Arsenate %QLﬁﬂﬁuﬁzﬁ/UﬁUﬂ@;N thio- m@\'iLﬂﬂimﬁﬁiaiﬂiﬁﬂummﬂfuj LN Lﬁaqmﬂmimﬁumﬂummﬁm(species)
wazheiinszLnuninmeinduien meeesin Bunnansmglaeia i Aamseieeeilugeesansyioan T
7 A.A. 1983 @n11iu International Programme on Chemical Safety (IPCS) Tmﬂivl,uuwmwrmslummumﬁmmmwu
0.2 NAANTN/AMT mmiﬂmm'mmmm?mmm LNMMW%LWN‘MN 5% muu The United State Agency for Toxic
Substances and Disease Registry, European Food Safety Authority (EFSA) Lae International Agency for Research
on Cancer (IARC) @;ﬂdmwwﬁﬂmﬁ@ﬂu{iﬁuL‘ﬂummEﬂ,ﬁLﬁmuzﬁ\ﬂum:t,wwﬁ@ma: uziatlen uzdaiomials
Trannsfuansugdingsenielilagnisnisinala mi‘ﬁu@wmmam’fﬁuﬁﬂmﬁ@umam TFNNEARIEIATAATHATNY
dhussuumaRue g liannndnisau amvyaziuansznusemad wazinnsdudaeulosisdulunszuaums
wenuedtw §lATuaismpdngianiaasiineinisendsu ieads tanties nénwiilaings savitlaanazidiuden nzei
NI mmmummﬂuéwmﬂﬁﬂﬁLﬁmn’mﬂa'ﬂuﬁm@mﬁu (leukonychia) Eqwﬂqﬁﬁﬂwmuﬂuam%ﬁﬂm@mzﬁﬂm:mq
wireilugnae o) nszdnAnszans ﬁuﬁ&jummbﬁm’htﬁw Atfoyrnneszuudulasia szsuudszam szuuiaen ixuuﬁluj
muﬁqmﬁmi’mzmﬂuEluﬂi:mﬂ”lmﬁiwmudﬂwuEgﬂfm‘?iLﬂuTmu:G\iﬁquﬁﬂmﬁmmammﬂmiﬁmfwﬁﬂmﬁau
ansvydinlyl wariinismsaanuansuyludaetinadunn 18U @enuazTagIne uazdseauandd Ginfilenafiazsy
mmhﬁmmim‘l,mﬁfm[?qumiﬁt,l,mmqm??{uuu IEY

vangUssinalue Funyiueen@odld Wy Boauns fayan fanmisadeuneesiinaAiduunseidiailiau
‘ﬁﬁmwﬂuﬁmmmﬂ ez lutlszmalnaieaiiel) w.a. 2530 ﬁmm’mmuﬁmim‘ﬁ'Lﬁmmnmwm (Arsenicosis) 7
WATATHITNINT LL@zéLuLuJﬁJwL?‘iﬁwa‘zmﬁﬁmﬁ?m@mwﬂmﬁ@uwﬂmﬁ‘mnga wadlaifseauTymganinang i
ﬁqﬁuuiiamamu?inmfz]
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1l a.a. 2005 HnnsAneBuinasuylusaedisinnaininelae liisadnetnfoansalasngaslseydssn
(Trifluoroacetic acid %@ TFA) warnsalusisn®™ wuda drafitfaunmansuyianun 0.11 lulasniu/niuuasiansy
atiuvisd 0.08 lulasninin uazlull a.a. 2006 AnsAnfsnuasyludnluedsuwdiauaziede™ wudn 419
andszmelnadiBuinasuyianuneefludaes 0.06-0.14 TulasnFuniutminuis TuanendnisAnsfrouiay
Aansanasaatedinaiednazifoalazas IC-ICP-MS 4 35 Aa nsaiafnaasazaieamniuea 50%, lansazans
wnuealudnsdausneuaraingiaaiAsas Accelerated Solvent Extraction (ASE), anmfasiauladuazansazans
WNLeA 50%, wazannsaunanlasngaaliasdsisn Inanudinissisansaetnfaaitatnfoananlasgeelsesdssn
= o > o o Fo oo A aa = o oA :
#1100°C w1 6 Falusliinanisannfinnga wenantidaienuddenneuneasnisssenatt e alsnysine
w19 AoenesegHPLC-ICP-MS Basisensintfaenisldansazatamnivealudnsdausinge uazaindoedssie

Ad[ﬂ\ly . o v . o v A o o aAa = . . o v
4357 15un nrearinfaensien, nsaindicaiATasuenasfoedesniaAaunga (Ultrasonic extraction), Nsarindae
L3849 Accelerated Solvent Extraction (ASE) WaZNN947AGMEILATaY Microwave-assisted extraction Iaginuan siaasing
d oo s s . o s d s o de , , oo
PanpAedsnInatLazNIainfaeLATeLNANIARLLRENTINAYINDEY (Ultrasonic extraction) Esnouansuyi 15 las
pyuansingiuiaudiaz ldnsdouansazaammiueasieiy luaneinisaniafaaiasas Microwave-assisted extraction
wudnslidnsndauansazagiumiues luBunugeaauazyinliidss@nsninnisainanas

NuddsidunsimunaianssseNstetedometiundnssiinliunuansuydurEduara suye iuvied
TudimelwieslfuRnmsdadunaindnaninfunisiinssiliinudieslfimnis uenanfidaduniswaunisiie
WudeyaiisfiudmiunisniuunBunugagaaesasuyatiued iwesandsemalne g laldnmuaasananluding

2. 298n19998(Experimental)
2.1 @151AN

2.1.1. mmzmﬂmmgmmwgaﬁuvﬁ*fi 2 9fin MAwA As(ll) Aanudinds 1000 lulasndu/fadans + 10
TulasnFu/Ranans waz As(V) AnNENdu 1000 Tulasnu/madans + 10 insnsu/Nadans

2.1.2. Tunning solution ﬁﬁmuﬂixﬂ@mmmﬁl Barium, Beryllium, Cerium, Cobalt, Indium, Lead, Magnesium,
Thallium uaz Thorium AsdindusInaz 10 lulasniuiadans

2.1.3. 'mmm’mmmgm@’ﬁmyﬁum (Total arsenic) AudindL 100143 AaanFu/ans

2.1.4. Quality Control Standards filsznevudagnnn Arsenic Arwdindi 100 Sadnsu/ans

2.1.5. a1razarawaniuiile (Ammonia solution; Super pure grade) Aanadindivgaaas 25

2.1.6. Wwn1U84a (Methanol; HPLC grade)

2.1.7. lalnsuilefeanlas (Hydrogen peroxide: AR grade) Aauidinduunnndnsesas 30

2.1.8. namlussn (Nitric acid; Ultra pure & AR grade) manuidindubasas 20 uaz 65

2.1.9. nsanaanasn (Phosphoric acid; AR grade) Anudindbaaas 85

2.1.10.n3nlmsvigeaalsesdsisn (Trifluoroacetic acid; AR grade) AHidindiusenay 99

2.1.11.n3alalnsrag3n (Hydrochloric acid; AR grade) Aansdindubasas 10

2.1.12.unntd@enluimsm (Magnesiumnitrate; AR grade) Aanadindivesas 50

2.1.13.1mnanlulslalngd (Sodiumborohydride; AR grade) manuidinduiesay 0.2 Tu InAanlansenlos
dinduiasay 0.05

2.1.14. munaidenlelelad (Potassiumiodide; AR grade) Adnsdindiubesas 5

2.1.15.n7auaaAa30n (Ascorbic acid; AR grade) Anudindusasas 5

2.1.16.8717azaauanlsilaunaginiwimnes pH 6.3 (Ammonium phosphate buffer pH 6.3)

2.1.17.275naulAa (Ultra High Purity 99.999%)
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22 ainstiuaziAzasiia

2.2.1. Lﬂdj"m HG-AAS (Hydride Generation Atomic Absorption Spectrometry), AAnalyst 800, Perkin Elmer

2.2.2. Lﬂdﬁl‘m HPLC-ICP-MS (High Performance Liquid Chromatography coupled with Inductivity Coupled
Plasma Mass Spectrometry), Varian-820MS and Prostar HPLC

2.2.3. paaNTila Anion exchange (Hamilton PRP X-100) 215 250 x 4.1 AaANA3 211A91N1A 10 Tuaseu

024, |aaaapINATIAEA 4 ANuML

2.2.5. w1l (hot plate)

2.2.6. Muffle Furnace with temperature regulation

2.2.7. Polyethylene tube

2.2.8. Vlycor basin, capacity 100 Ha8aMT

2.2.9. Lﬂdi'mLmﬂmi’mmﬁmﬁﬁmmﬁ 44 (Sonicator)

2.2.10.\AT09EIMEILN (Evaporator)

2.2.11 .m’?lmmnmnfaum@ (Centrifuge)

2.2.12.681 (Oven)

2.2.13.6uu

2.3 m'a‘ﬁnmwmafaﬁ%'m'a‘wmaumiugﬁgwumLmewEaﬁuvﬁ‘é’luﬁq'az'nﬁ'\'mauu:ﬁ
2.3.1. NoATENAREN9R28AE Dry Ashing Lﬁ@mmummww{mm (Total arsenic) AatlLA3ad HG-AAS
Fasatheiinniunazdanudnszann 5 nsuaslu Vycor Tnedssansnaianun 5 supnusniiFesly

memmlﬁu%u”i'am: 50 asltl 1 fiadans a1t enusan iinaumsaasuudaasinlhmnsely Mufie Taas
@mmmimu‘w 100 eeATadea lilaue 450 aeATadaa (Tmﬂmmmemmmumﬂjm“ 50 R9ATALTEE) A1
nesvielEETdanavBedm (Fnantsyano 15 $aluq) miﬂmmummunwm aniiaraeinTilE daannsFunge
Tusisnanudindufasay 20 athl 5 Haaans tnluguuumiluiin awdnaraneifhuiiadeatusunsa lussnudiaedng
IfuaFuiunns udailsuunenily 25 fadansdastintmnAanaen (Deionized water 18 mQ) 20961 2AZANET
1##nenszanenses Whatman No.42 1fiugnsazaneldlu Polyethylene tube Titlnansazanedly 2 fiadansaslu Poly-
ethylene tube antiuFnTnunaBeslalelafanadintiviesas 5 uaznsnlalnsnassniindo ateas 1 Taaans A9
Tignmniiiesatinetion 30 il ustliiaasifiu 60 Wi anifufnnsaueanesinasuidsisenas 5 adll 1 faddns
wial5uiBunnssaunsalalasaaesnauidindubesas 10 auiiBuinsasy 10 RadansiantnlliwmmsivniBunu
mimév%wm (Total Arsenic) ﬁqmﬂ%q HG-AAS

2.3.2. mm?mﬁqmjwﬁwma@ummwu@ﬁuﬁﬁ(|norganio arsenic)

2.3.2.1 nawitenatheiinalaeiansatadanirseueanansdondeiiinouia 44 (Solvent extraction
with sonication)

Fasatiainaiunazdanudniszanns 0.5 nfuaslu Polyethylene tube tne Fevianun 547 17
wueanNlinduenas 50 adll 10 Radans LLmuﬂﬂmﬂmmmuﬂmmLmﬂ\umﬂmmwL‘Emwummnm
(Sonicator) uman 2 %Tm 30 w17 ﬁiaﬁwmsﬁmmﬂﬁqaLﬁ%mmnmxﬂﬂumi (Centrifuge) ﬁﬂfmum 5000 92U
FaUNT 171 20 Wil IFugnsaraneladiuLtidanTivaelatadnanass

vihansazanevianundi &l s uitadas et uit (Evaporator) antfuazaneLazsy
Bunsgaatinlsaainaeny (Deionized water 18 mQ) auATL 10 NaRANT {qfwﬂ“ﬂ(a) Tlnansazaneildzunms
2 fadansadly Polyethylene tube udarinlulFa(b) anudslalasawilefaenlas 2 faaans LLﬁ')ﬁfﬂﬂ‘ﬁl’\iﬁﬂﬁ%\i(c)
uansazaneflifiguund 6 asrnaadua fial54aAu (Overnight) wknrhlUAnasfnansuye e Fauiates
HPLC-ICP-MS
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2.3.2.2 mawisansaetedinnlaedanisainsounanlnsngealsayissn (Treatment with Trifluoroacetic
acid)
Fapnatnsdinfunazidaaudiszanns 0.5 nfuasly Polyethylene tube Tnefavianun 591 a1n
s 2M nanlnswgeelsesdsn (TFA) adld 2 fadans udavhlUdingeuiigumgil 100 ssasaides uoan 6 Gl
A ltuuenfinanu 5o 5,000 $RUABUNT WU 20 W17 fuansazanatuny wialinBuasauasy 5 Taaans
il weniiedah final volume(a) Thlngnsazanediliifunms 2 Daaanrasly Polyethylene tube U&7 14
a(b) annthudnlalanaueseantos 2 ﬁaaam*l,l,éﬁqﬁﬂvlﬂfﬁ;q%ﬂﬂ%\ﬂ(c) Lﬁummmmﬁiﬁ%mmﬁ 6 9ANITAT A T
1BiuAn (Overnight) wiat lifAwasiziiunansuyatiumsed BnglLeaad HPLC-ICP-MS
2.3.3. wmmumﬁmmmam@ﬁuﬁﬁﬁqaLfﬁlm HPLC-ICP-MS
ﬁﬂmmmwﬁq@ﬂﬂqﬁiﬁmﬁLﬂmxﬁmmwwfaﬁuﬁﬁ (Inorganic Arsenic) BatiAsad HPLC-ICP-MS
Tnelfmadnsl Hamilton PRP X-100 (Anion exchange column) wazliansazanaueniuiannaamninines pH 6.3
luansazansnaeud (Mobile phase) §m31n19uawingu 1 Jaaans/ui Mensnauniasnsinislua 16 AR/ was
Monitoring ion( ¥i7a Mass) Winfiu 75 m/z
2.3.4. 1/1mmumﬂ?‘uwmmwu@uuwm“imﬂaﬁmmnmmﬂmeLmﬂmmqame‘ﬁ'dmmﬁquﬁlwmmumw
Rea1a3n
FamnatnsdnnfiunaziBeaudatlszanns 0.5 nfuadly Polyethylene tube Tnederiansa 7 41 FuEnves
ANdindBesay 50 aqlil 10 ﬁﬂaamuﬁqﬂﬂﬂmmﬂﬁﬁﬁuﬁﬁqawﬁlfmLmnmaﬁqmﬁmﬁﬁmmﬁ@q (Sonicator) tilu
1nan 2 $alis 30 W AiednenstiulendaerteaAnAzNaUANs (Centrifuge) ANNIEY 5,000 SOLABLNT 1471 20 W
Auansazaneladanringauiivaeladmrinanase
vhansavaneeenad & luszme uifedion Aies Evaporator antazaneLaz i Funnsdasingse
A n@ee (Deionized water 18 ma) auAsL 10 fadans (Faiwiin(a) Tulnansazaneildisuins 2 Taaansasly
Polyethylene tube wiasinlilda(b) sy lalnsiuleseantsd 2 Saaansudainld@naic) Wuaisazansilan
ol 6 eernuraidaa fvliinamu udai lU3iasemnansyeTiuid (Inorganic Arsenic) Aagises HPLC-ICP-MS
Auda 2.3.3

v ' v

3. NAWATIATDS (Results and Discussion)
3.1 Hethdetedinafwsauiasid Dry ashing LU BuIMEIMYIIMNARLLATEY HG-AAS THnasal

Table 1 uaAsEN ARG Faat1adinanennsd NwFansaetn9#aeds Dry Ashing

AR NANNEA Wninsaagng (9) dﬁﬁéﬁu‘lﬁmnnﬂﬂmmﬂm (ugll) | UEmnadiwulusaagng (mg/kg)

1 5.6467 3.3884 0.0750

2 5.3574 3.1225 0.0729

3 5.1397 2.9877 0.0727

4 5.8512 3.5172 0.0751

5 5.4142 3.1424 0.0725

Mean 0.0736

SD 0.0013

%RSD 1.7807

15AITHANIYITING NTHINENAIRAS LT V
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TngAuaanFunManIyiavam =

A8 1NNITANUINILTNI AN TUYYIINN A

TuFneenad 1 windu =

(3.3884 x5x25)/5.6467

P = ¢ =
W NININYIAINRITUINIT

( AN lAanng I x Dilution factor x Final Volume ) / Weight

1,000

1,000

=0.0750 mg/kg

A1NA19NN1 WodIRANRREIEIL N AN IMIIMHAWINGL 0.0736 RadAniNAlanin uaziisvdAumnuiezes

38N159A9129 (%RSD) atfluszAunuaniuls nannanisiwasininianismaziey ussauntisdouluinugdou

(ppm) ASHAT %RSD agfludag 1-10% ©

A o o 4 9 A P o v A o o Aa d' ¥ o a
3.2 LN‘EH'][?]'J@E’]\?’H'VJV]LW?ENﬂ'}ﬁlqﬁﬂq?@ﬂﬁﬂqﬁlLﬂ?@\ﬁLLﬂﬂ@q?ﬂ'}ﬂLﬂﬁl\imﬂﬂqqﬂﬂ@‘\i LL@Quqiﬂuqﬁqu@qiﬂk}@u

Uvi3el (Inorganic Arsenic, as As(V)) Fnsipaad HPLC-ICP-MS l#uasatl

Table 2 uansLFuNa"uyeiiuyad (Inorganic Arsenic, as As(V)) lusaathedinanennzafiviussetnfneiinisainsionrresueanans

g o s =
AVELAENNNAINNGS

Fiaaeingding v Aidnlily | Arfiguliann vainuda vhin ans | shwduds | Pty
YANNZA REAN Blank nalumsgny | diulsunma(a) ATl (b) LENHZO2 faaeng (mg/kg)
(9) (ng/g) (ng/g) (9) (9) (c) (9)

1 0.5230 0.77 1.67 9.6992 2.0093 42134 0.0350

2 0.4943 0.77 1.64 9.1453 2.0306 4.2336 0.0336

3 0.4856 0.77 1.62 9.5843 2.0174 4.2182 0.0351

4 0.5802 0.77 1.69 10.2953 2.0536 4.2451 0.0337

5 0.5665 0.77 1.62 10.2308 2.0176 42782 0.0326

Mean 0.0340

SD 0.0011

%RSD 3.1282

TpeIAUIIANLBR TR (as As(V)) =

{(A1Ha1nnsM-A Blank) x Dilution factor x Final Volume}/Weight

FNBENINNTANUINILTNNIUANI VYA TS (as As(V))

Tusasined 1 windu =

{(1.67 - 0.77) x (4.2134/2.0093) x 9.6992 } / 0.5230

1,000

1,000

= 0.0350 mg/kg
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ANANIWNLYT HANednTesa1suyaiiuyie (Inorganic Arsenic as As(V))Winriu 0.0340 Haaniu/Alaniu @
N9rAUANUINENTBNTENTIRIEI (%RSD) atflusziuge Tnenanisinssilinienisineiey lussAumiladau
TuBudau (ppm) AasiA %RSD agflutag 1-10% anwauzlasunlaunsuaessetnanliannisannisilidnwue
A Ay aa o A
AanldNAssunau AagUR 1 uaz 2

20,000
18,000
16,000

14,000

[E7H 10 00

12,000
wn

-—

o
10,000

8,000

e LSPW (.20

6,000 | : IR N YO e

4,000

2,000

I Il 1 I i 1
T T Ir T T Tl I rrrrrr sy r T r e r eI rrrrrr e T r e rr LTy

2 4 6 8 10 12 14 16
Min

Figure 1 tasunlaunsnaasansainansuyefiuwisdnannansetedinonauuya
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3.3 et wiwsasdaeisanadansa lnsvigeslsacdsinllmiuuaisyetiuvisd (Inorganic Arsenic (as
As(V)) HaeAzes HPLC-ICP-MS lanasail

Table 3 uansiEunuaIYaTuYEe (Inorganic Arsenic (as As(V))lusatedinaviannyd Awsansaatnfaediaiafaansalnsvigeals

ALAEIN
Aragned9 vwdn | Adsalalu | Amfiewldann | dhudnuas | dhwin ans | dhwinuss | Danaiinglu
NANNLA AIRENY Blank naumsgu | Usuiffunns® ANATLES .,aquo;c) A2E19 (mg/kg)
9 (ng/g) (ng/g) (9 (9) (9

1 0.4810 2.29 2.44 5.8376 2.0526 42777 0.0038

2 0.4716 2.29 2.47 5.8585 2.0578 4.2644 0.0046

3 0.5117 2.29 2.31 5.8641 2.0642 4.2727 0.0005

4 0.5518 2.29 2.96 5.6813 2.0651 4.2521 0.0142

5 0.5561 2.29 2.44 5.8689 2.0528 4.2325 0.0033

Mean 0.0053

SD 0.0052

%RSD 99.1715

{(AA1Eanna1w-An Blank) x Dilution factor x Final Volume}/Weight

TP AUIIAINLBR R (as As(V)) = 1000

A0 9NNIAUINILBNIIAN IR TAUYTE (as As(V))

{(2.44 -2.29) x (4.2777/2.0526) x 5.8376 } / 0.4810
1,000

upasined 1 windu =

= 0.0038 mg/kg

AINANFWNUT HANRREIBIANTUYBTAUYTE (as As(V)) WinrTl 0.0053 Haaniu/Alaniu TedlsyAuauiesues
38n1591A91997 (%RSD) g luszauan® Tnananisinszidmiaenisinssiieelusyaumiledauludugon (opm)aas
A1 %RSD atflutng 1-10% usdluniawidenset 19 allie %RSD 81NN 35% uansininanuiealiiiu
LNEUTINNTEIANTY

~ A ad = o ' A a - A aAe o ax | as o v

3.4 WenFauaudsniswiunsetnanediazimansuyeiiuviad ¥ia 2 35 wuda 3saindas nanlasgasls
BYEFIN ILALANNNLNTBINITAATITFRBENG (%RSD) AMNINATRATARIERINIAT AR LATRILENATHILLALNNT
ANDQIABUENININ Tea1ANAMEAINNNINRAITLNY (Interference) Tulpsunlaunsnaasansuyatiumad (as As(V))
Y °o v Yy . v 1al o = | Ay @ A YA o o o
Aeudinennn vinlii&ugu (Baseline) Aendinsgeuazlaifay (AagLn 3) AnldienaazlaildAnniuviase Auiunisainsiaetng
% as a a =< | ada; 1 o a o a a 2
FaeRbnsnlnsvgealsesdssn Aafludsn ldmunzaniuniswssimansyatuvad ludinn
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3.5 uanIageLlENIanIuyelivEdluset1einalaedsnisainsaniAseuenatsfiaeiReaniaaungs

Table 4 uaneLERNUANIUY (Inorganic Arsenic (as As(V)) ludatnsdinanenusA Nitensetnefaedinisainsersasuanaisfoaides

fiflpnatige
Fiaaengding ¥t Aisalily | Arfignuliann vhuinuda vhuin ans | dhwinuds | Bunadinuly
PONNZA FORERN Blank nawNAsgl | Uimbfuome® afATIE® (9) LENHZOZ‘C) paaeing (mg/kg)
(@) (ng/g) (ng/g) (9) (9)

1 0.4754 0.77 1.69 9.6975 2.0043 4.1948 0.0393

2 0.5230 0.77 1.67 9.6992 2.0093 4.2134 0.0350

3 0.4943 0.77 1.64 9.1453 2.0306 4.2326 0.0336

4 0.4856 0.77 1.62 9.5843 2.0174 4.2182 0.0351

5 0.5802 0.77 1.69 10.2953 2.0536 4.2451 0.0337

6 0.5665 0.77 1.62 10.2308 2.0176 4.2782 0.0326

7 0.5415 0.77 1.76 9.8545 2.0306 4.2314 0.0375

Mean 0.0352

SD 0.0024

%RSD 6.7535

{(A#1Ha1nns1-A Blank) x Dilution factor x Final Volume}/Weight

IpAuIAINB3N e tiuyiae (as As(V)) = 300

FN9ENN1IANUINILENNUANIUYBTWYEE (as As(V))

{(2.44 - 2.29) x (4.2777/2.0526) x 5.8376 } / 0.4810
1,000

Tupiasined 1 winiu =

= 0.0393 mg/kg

4. @g1(Conclusion)
a o \ A a - A A o o Ny Y aa o o ] ad & aa o v

nswsUNANetNaedA g suya dwEd i lalaafaeRsnsannsisatieding 2 35 Ae 3annsarindon
LATRILENANTHELAEaNHAIIND4 (Solvent extraction with sonication) uazdsarinfaensnlnsngealsassisn
(Treatment with TFA) usiwLdN3annawiensaetnalnansaninsonLAseuanansfae@eiiiaanungs (Solvent extraction
with sonication) HA2NU@aNaNINNGN WeasanHiAseauaumeselunusinseeniy Tuaneiias annfania

aa o, o Al o - o = Y o o \ o & P

Tnsgaalsasdsisn darszauaumelaiiunusiniseendy Teazfasdniaimun Uiulgesall welianafianie
HaaNNaINNIsan e Rt R lNaNNan1anAesUNau (Interference) lufaaenaa13aindnaldvus wazainn1sdnma
fayaidevsinreniuuaisuyaiiuizduinonudy dravennsdlufissnaiailiannisguuazinnnlglunnsdnm
pTRRansuyetiuvisdesludas 0.032 - 0.039 Haaniu/ilanin

RITHAIYITINIG NTNINEIARATLENS V
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Facial scrub cream contained ginger-enzyme
A30308 Y31A3™* QLN NINEURS' Aasea NeeNil uaz ATaNng Uilsn’

UNARED

Aseiiflunnsannmudniminguenlniannds Taemudnenlnisfieaannds SArAanssuieslo
(enzyme activity) Wiy 15 wiaaeultifeIaaansseunfilazANNanIsNa Wi (specific activity) Winfiu 377 widog
ionlmirefiaaniulsnu arnthuinenlnlsfigandansandy eulnadidRreuuiuuuutdenuiuasiiia
AN ETRaaNRNATULAzIuTen leulmdrauisazlANfanssnanzwingy 1,025 wihaeulnireiaaniullshiu
uaziflerienlmsieaannasl fudounan lurudafaniinaneulmiannddneitiauloFosas 20 vaaiwein
mnazlBAnRanssuienlml 0.9 misuieulmidefinaanssaun ndsanisihAdaRanaenlm A nageunissyans
Aesludnimaaemudn Tufinssyanaiies Tnaansatinsszaefoadiodiuwin 0.6 aannmageLils@nsam

a

ArndpuiiuaneulsdanTaFauiisunuesudaRauiinmetnsauanluenaasinafulndgunina a1uau 20 Au
Hwaan 14 i wudnesndaioniinaneuloiainduaspsndaiaetaruandilssdnsnnlduansnaiu aded
HedAryuarlinaliifianisszanaipes uﬂﬂmmfuﬁ\‘iwudﬁLﬁmaLﬁ’n’uﬁ'mmqﬂL‘ﬂuﬂ-gmmwﬁmuﬁwﬁmmm@ﬂﬁﬁmmu
uaznaNIRaLLLLALNKANRelaTesenaadasanns detudaiafunduven HenAniust Aunszang
la prwBenidien aougudu nsasinee wazaruianelalagsn Wi enanaspsiaaaitoe ladssdatauiin
nanuladanTannndesndaiauiinfaetsacuanuning Tnadanuianelalassonasudnioniinnanienlasd

AnTauazAsidaRauiifataaLANNiLEeEaT 90 WY 64 MINATAL

Abstract

This study was performed to develop facial scrub cream containing ginger enzyme. It was found that activity and
specific activity of the crude ginger protease were 15 Units/ml/min and and 377 Units/mg protein, respectively. First,
a crude preparation of ginger protease was lyophilized using a freeze dryer. Its stability was improved by mixing
casein and borox and the protease powder. The specific activity value of the stabilized ginger protease was 1,025
Units/mg protein. The stabilized ginger protease was mixed with scrub cream. The mixture contain 20% (w/w) of the
enzyme, equivalent to 9.9 Unit/ml/min. Then, the ginger enzyme scrub cream was tested on animals for primary irritant
properties. No irritation was observed, as indicated by the primary irritation index of 0.6. In the efficiency study, the
ginger enzyme scrub cream and control scrub cream were used by 20 healthy female for 14 days. There were no
significant difference between the ginger enzyme scrub cream and the control scrub cream. Besides, dark spots on
faces of certain volunteers who used the ginger enzyme scrub cream were dramatically decreased. The volunteers’
satisfaction on the quality, brightness, moisturizer, wrinkle and total satisfaction of the ginger enzyme scrub cream
were evaluated by the questionnaires. The results showed that the volunteers were more satisfied with the ginger

enzyme scrub cream than the control scrub cream, as shown by total satisfaction score of 90 and 64%, respectively.

fdran 39 weulndllsfies, Asudaio

Keywords : Ginger protease, Scrub cream, Zingiber officinale

'Ainmaluladiguau nsudnenfaniiiznig
2 AULNATANART NN RLURUUNL
*E-mail address: bjiraporn@dss.go.th
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1. uUni (Introduction)

a4 (ginger) mﬂmmwmmmmm Zingiber officinale Roscoe @ﬂslmx‘iﬂ Zingiberaceae Lﬂl&Wﬂ@NﬂW?%N@?iWﬂﬂA
vaneeeng un Eunnseauld endeu aneINNIqNIALA TUaN FuLA FnunnsAausalunsyinazamng [1] ’INQJZ]‘V]ﬁ
Fnunnssniay Ineilseniudnansasaiedasianiueauazingmnsaduntssnianly (21031 wenannimeiiienlasl
1shied (ginger protease 1138 zingibain) FalautFraaeosly tanaadlileniu [4](5] w0l lsR e aannaed UL ARILaN
Tael Ichikawa et al,, 1973 [6] 2aieulmisfileaanndeilAfanssuy eulmsigalunistesduainse (substrate) Al lsau
#1nsing ) 1Hun casein, bovine serum albumin, uaz collagen [41[5](7] weuladlsfinaanTednalungudaman
T1/sAiaa (cysteine protease) LARATL L@uvlfnﬂmnﬁﬁluq 1un wwlosdnilu (papain) anuzazne wulsdueAiinu
(actinidin) aanwana wazianlmilusiiau (oromelain) andutlesn i wulasillsfieaanedouluninuntlszyns
¥ uguevng gy neviniiie Lﬁaiﬁlﬁfaﬁmmgu AANALNaUUN LN ELAUNNIHARLLE NNIHAR ginger milk curd
[8] waRfuTAsRsTERanssuewl T sfien HAnSNuiMAessaTs [9] iy Teesunnsiesladii
Gﬁ\uﬂumu”lfﬁm@mmmﬂuL@u”lfnﬂﬂmL@zv-mnmmﬂivﬂﬂm%‘l,wmmmmq ImﬂL@uiﬁﬁumLﬁmﬂﬂumm@mﬁm@m
finne eananfiaduuen (stratum comeum) ) WsnEnfanaiasviseidenad (aging skin) §witiassases iﬂmmmﬂ
MIALFELAIUAR A2 HALIA Lmszauj s ilugnunsn dfudounanluas taduuasinld fanuseuleuse
a2 ldnalinan1sseAsAaa ﬁ@ﬂ;ﬂuﬁﬂ?uﬁﬂﬁquﬁﬁﬁ@"wﬂwmqmiﬁwﬁdwﬂixnfamm Alphahydroxy acids (AHASs)
11 glycolic acid WAz lactic acid, Beta hydroxyl acids (BHAs) Waz retinoids %ﬁmmﬂummmmmalﬁmmiuﬁ Al

a = ° % a A & o A a Ao \ @ A
AN NIAWNE Tmf;lLﬂWWZMV}QﬂW}mﬂmmLmLme N"J‘V]QﬂLL@\?LLﬂﬂLﬁuﬂ?ZG\]'\‘Vi?@N’]‘V]Nﬁ']']lli")m'ﬂLLﬂ\TN"]ﬂLﬂuWLﬂ‘]ﬂ Imil

v
o &

yaaa o o o A o oa 9 aAa = a i gy a 5 = s o 2 yy
WzfRARdN Aniuassiesniasandaiontiiiidsydninn nelifansuiinazszanaides [10] 9udaetasly
Huwamnisuanendpouiiiidoulsznetaesliaansansssnaniuazarsainayulng naeuladllsfieaainis
nanlursudaRantiniedan Windnmadnaludu stratum corneum aliiansansssnanfuazatsainayulng liun ans
anpiaun dumaszding Wduuengg tdiueuazinis Ananlumnaunsadumudingiodululfacneg dunns
gauaziinauguiulita wenantluasudniioningliews (ginger powder) ludiadaialunansiamauni
Windaradufesindiannansedsunauarisnaiung nsdssgnsfldds ansansssnafuazarsannayulnaiy
doutlsznavluasndaioniindunisinyadrdngaunianisnems daanymaainandnanainlugasggnianas
Tranisthanudsgd daflunisansedunninineanineiezesdrasidaunn danudsensdialunisliuazsanlyl
= g = vy a o Y a o ea a & v o L e P
wnd avfunadenudliguzlnaiunn linandusinaiunsananzuesidsemaduilunisimuiegnedegunis s
NGB R GINEING I VAV
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2. 980197948 (Experimental)
2.1 INQALUAZAITLAN

22 Jan gunsaluaziAsaciia

A9 (Zingiber officinaleRoscoe)

Tusand (Borox: NaZBAO7.1OH2O)

VAT (Casein)

ngaLansn (Lactic acid)

nsnlalnspassn (HCI)

nsnlmsraalswed@ian (Trichloroacetic acid)
Iuﬁu%?u@“@gﬁu (Bovine serum albumin; BSA)
vi3a (lalasiudia) azRluilng (Tris(hydroxymethyl)aminomethane)
LadAasln wadn (Ascorbic acid)
Tnnanlansenlas (NaOH)

GHGH (Dye reagent)

a19:1m9g 11 1s%u (Tyrosine)

1laamide (Biosafety cabinet Level I1)

' a

UnAANYUNH L (Incubator)

eV Ve e

auimz@euusliuiansueylneanlas (CO, incubator)
Araau LU T Eenud (Freeze dryer)
sessinlnsTnindines (UVAVIS Spectrophotometer)
Lm?;@qajut,ufiﬁmqwuﬁngq (Centrifuge)

Lﬂd‘ai'a\'imu (Homogenizer)
Lmdilmffmmwﬁmuﬂ:uu@:d’mmwaq Multi dermascope MDS 800
Lﬁ’ﬁl‘@\i Mexameter MX 18

ArRat AT 4 A1uvtia (Balance)
aaainANEuna-LLg (pH meter)
Lﬂ%@qmmumﬂi@zaﬁm (Vortex mixer)

wafludmes (Thermometer)

N9TANENTAY Whatman® Luas 1
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2.3 nsuanaulddainda
Taun 1 Alansu denilaan ﬁu‘LﬁLﬂu‘?nyuLﬁﬂj vilrhiluloiu wdarih T weneslas@y (crude enzyme) 880N
anndauseudslaenriesthiuies AYNIFIQY ADNIFI9DU 8,000 9aUABWNT LTTWIIAN 20 T ﬁqmmﬁ 4 aALtaLdaa
avldruansazanenanaanunfugamenlniin anntuinldmeulnidaetinewlsmu B 100 fadans 14
Tuwaanfiunanauna 500 Nadans wiwdasiaage (pre freeze) ﬁfqmuqﬁ -20 asATAEa aunsvienlmTAunane Ty
indatiuds ubatin i uenatesinutiuueuuiudidenuds figniugiivies uazampaduas azliioulelug
231, nafinAnuEieseull
Thiewlmiauuszieulnineainianisde 2.3 urinnnmaaesfinaAnudios Aanssaulasanaviaiing
anigawisnn (US patent 4,842,758) [11] i
1) FLATLL 20 N3 HANAL 0.17N NaOH 80 ndu nawliiidindu Winanabew 50 aeALTades eazans
\FuansAneulT 10 nfu avlEansazaneieulniuaniedy annsiufia 1M Ascorbic acid 3 TaRans
2) dslusen 113 nf nanfUaNsazanensaLanANENdY 253 N5y udavnlsiflunans (Nutralized) ael
12 N NaOH 115 nfu lAansazaensauananuaniusen inansuannsauaninuaziusandun 5 Naaansuaniy 1M
Ascorbic acid 5 Naaamng
3) Tinasazanede 1) (mmmmmu%ﬂmum%u) 24 nFu NaNfuasazanede 2) (AN97a2a18NTH
wanfnsanlusend) 33 n¥u azldiewlmiiiauiaies (Stabilized enzyme)
2.3.2. mMsimzdAnanssureaeulndllsfied (protease activity)
ABN19AmLLa3aN Kunitz, 1947 [12]
gzazanepduliinwasyisa 0.05M pH 7.5 Ansndindutesas 1 13u1ms 2.5 Raaans Millududinsm
(substrate) ﬁﬂﬂﬁﬁ{qmmﬁ 40 paAardag Winan 15 Wi winansazaseulssd 1 Jadans wenlidndu
tnlhiufigumni 40 espgadas Wunan 20 wid elfieulellsiieatessaaaindu wpdfTsandaaniaia
ansazanensnlnsraslsuadanaoudiniibenas 30 Buns 1 Iadans wenlidinty e lilsAuannzneuudati
lulaiigninndl 40 sspnaidaa dwaan 15 Wil arnduilfusenazneuiaauiEa 8,000 sausieun? uaan 15
7 udathgaulaundnannnsganduuas finauenaniu 275 unluams Toelvinndwuiu blank uazAnuaniAnRianssw
wladannnaunsgulnlsdu
1 mbemeaavlad Ae BuinuhlindmitensaesilufiAnanmstesintbanay 1 faaawlsd 7t 40
asraadea lunan 1 17 lugnazinasadlaeRaufeuiilulauavesinlsdy
2.3.3. nsmzAldsiulaeis Bradford
1) N3LFTENANTAZANY Dye reagent AINL3n BIORAD® dye reagent 10 NadARI Fiutinngu 40
HaAAAT NIBINIUNIZATENIBY Whatman® twief 1 1iulElugiu laifiu 2 diland
2) a138¥ane BSA viredanrazaiefiaecing 800 lulasans i dye reagent 200 lulasans weinlsfidinmu
B eI RN ANANTAZ A G?qﬁiﬂ%ﬁ@qmmﬁﬁm 517 q'fmrﬂhmi@mﬂﬁuﬂﬁumqﬁmwmqm?‘z'u 595 1N TINAT FeAead
adnlasinintines Tnald dye reagent pantinduunayleiifly blank
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2.4 MSNAUIATNTAR

vnmsuanasudntalasfldoulssnenfananslumnaed 1 fai

1) Wdautlszney (zﬁﬂﬁuﬁ' 1-6) ?ﬁmﬂwf{]mm‘fﬁﬁu uaniuludininesufaliinausauauiagnunil 75 a9
waded

2) thdautlsznet (§eui 7-8) ml,ﬂmgmmm Nﬂmﬂiﬂui_lﬂLﬂ'ﬂiLL@"ﬂﬁﬂ']’mﬁ"auﬂuﬂ\i'ﬂMMﬂN 75 9A Tl

3) mmumm@mgmﬂmuﬂmﬂ 1) mmmgmﬂuﬂum@ 2) U HAN LA TOIHANTIAINNIFI981 550 Fa1)
feud uaan 20 i

) ﬁ”ﬂﬁLfﬁmns:mﬁammuﬂumm 45-50 29A"TAITEE AxifnLanTy
5) ‘Lzﬁ'zﬁ'quﬂi:ﬂ@u'é"uj (A1AUN 9-16) adluraHaNaun s g g TR

Table 1 AAFUATNIANAUTN

feuii dauilsznau ASUTARNIULN (5aeaz)

ig]mm‘fﬂﬁu

1 Coconut oil 3

2 Sesame oil 3

3 Stearic acid 3

4 Cetyl alcohol 3

5 Cremophor®A6 1.88

6 Cremophor®A25 6.46
'h“{]mmjﬂ

7 Propylene glycol 3

8 ‘ﬁ”ﬂ 36.96

dautlsznanau

9 ‘LiﬁWﬂN ﬂ’ﬁlu Sunsilk 1
10 Germaben®Il (0.5%) 0.5
11 AMAUT (1M Ascorbic acid) 15
12 v 1
13 G 2
14 #N9anALaLn 0.1
15 Aunngasziding 0.1
16 lgdannds 20
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2.4.1. MIUATITANTNATHT TN
1) ApsevinagaunIan1ann Inadunnd naw Assianailunsa-wa
2) NAFBLANNAIFAIIBIGAIFILIT Freeze-Thaw cycle TnatinAsudaRa lufLinALANGUMYR a1uaw
5 sou TnausazsoLLNd UMY 4 avAnitadas e 24 $alus uay 45 aerna@aa iaan 24 9alue danm
nsasuulasedd naw Anuflunse-lwa sudanisuanduaeseiudai
3) NTAATILINNAATIINEN mu%‘%mmﬂmﬁi:u%’m Bacteriological Analytical Manual (BAM)
2.5 MSNARAUNTTEANELARIURIATNIARY LUARINARRA(Primary Skin Irritation Test)
VARDUNNITZANELABIIDNATHT AR FaRMIIIaINITsng tu nINAneNAansnIsunng nsznsasasnsnuga Tng
Vinserintaneiug albino 219 AAuas shwinlaifieandn 2 Alanii S 3 i neaesAsdafaTian 24, 48
uaz 72 $alus paradaLnansuionillnauinuaresnsnia liinaAuszAaAesuA WA NLAY (Erythema) Uay
17U (Oedema) UBIRINIL
2.6 MaNAFaLUsEANENINATNTAR LUANENENAT
nagaulss@nsnnwmndniialuananadans AdunT o AEINATAERT uaneseteusiy Tnefuatiag
2NENATAIUCTNGTNING AU 20 AU BILITENING 30 - 50“TJL%hzjim\mmmszs%mwﬁqﬁm@mmw@”«mﬂ*’ﬁﬂ?‘uﬁm
ﬁqimﬂmﬂmum’mﬁwﬂuﬂumﬁwﬁqfﬁmLmda"mﬁ@'j“mmmﬁwﬂumzdmmwﬁq Multi dermascope MDS 800 na#ay
pondimasR B e AT adile Mexameter MX 18 ln1snaget s RvBnwaen@n ot anansautieantily 2 199 fall
1) dnieun1meaed usreioan 14 4 Lﬁ‘uﬁﬂgaLﬁyﬂqﬁmmmm@ﬁm lienanadnsvganislinansio
ﬁmﬁf;ﬁﬁﬂﬁlﬁmmmﬁmLeﬁm‘fu%mm@ﬂﬂﬁﬁméuj qu?‘mmﬁwﬁqﬁﬁﬁmimmmu[?T”\‘iLwﬂwﬁfmfﬂ,ﬂuﬁﬂﬂw@yuzgmmfr
NARBY NIN1TATIRANINRILAENAGALIALAT patch test TaemnaARAsTRTisuIIETlnTiudaemangimes 18 laiins
nn 1 daluaitegnflenisuiivitelsl vinaranapsaulafiennisuiiazgnAneenannimaaes
2) 4143282N1INARAULTLANTNINIDINARNA U AAUN1ININARA NIRRT AR LI ULARZT195H 898
felfazannudasaliudia Tnasnidlaansgasdau (3310w 0.5 Nadans) ‘71'Lm?‘wuﬂﬁmu%@ul,l,@xmMfmﬁlﬁu@@ﬂ 111
fretef lBFumasuuRavii TnanmsdaiananieulBedauuisinuinauasm Arsdaiafaetnsnauesiideann
iesnandaunfinsnuean winwn duwssnanlllunamasiu Aomp AR 4 x4 73, Thuinan 5w udadneeen
Foeninavann FanalHiudia nelienangsinsnnansneidaiaiuas 1 afmdsenurinaewdiu fussseavinaseiios 14
Fu uazipenanasiasunieranistssifiuan miasuusn Sul 7 wazdud 14 vnendnasinsunierinnnsssfiusnin
Rauazdnanuianalasenislinanduailne Muuugeuanuldenaadnsneuntanaanisleansneiidunan 14 54

3. HALATIANTD (Results and Discussion)
3.1 msuantaulddiands
Taudidletnunatneulmiarliasararefinnnaii vinlifunedaedavauiunuen it fanudsudoiy
AuEREs 0 vln] MaREde 2.4 anHANIMARBIRIANSSR 2 wudneuln TRy e ARaR 15.48 mitenenlml uasd
Anfanssusne 377.56 minenelmirefiaansullsiu Werhieulmdfu Ui sinufusueuniudifonudsuay
AT T AN AanssNs NNl 1,025 iaesedaaniulilsay
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Table 2 uamsirvaaewloinuLazieulmingdennuns LA ANANEDES

Enzyme activity Protein Specific activity
Sample (Unit/ml/min) (mg) (Unit/mg protein)
+ SD
L@uisnﬂﬁ‘u 15.48+0.25 0.041 377.56
wulniAuinAaDes 0.76:+0.24 0.013 58.46
wilasftinunsinudiauuuudigienuds 30.87+1.14 0.140 220.50
wilssftinun1iwiuuugigenudain AN 12.30+1.81 0.012 1,025.00

3.2 NMSNAIUIATNTAE

o A oa 9 - a P Y A o a Ao @ oA A A !
“nﬂﬂ'ﬁ'wmﬂ@ﬂwmuq@lm?ﬂﬁ‘ﬂmﬂNqﬂuqm’&ﬂl@ui‘ﬁﬂ@qﬂm\i (M1T19N 1)1@ﬂ?ﬂ°ﬂmmqﬂ@ﬂﬂm3Lﬂuﬂ?NﬂL‘Mﬂ”ﬂ\?rﬂﬂu

nawvan JAnAnuiunsasg 5.5 Hanuasda lduanduliaiiunssuaunimeaday §283a Freeze-Thaw cycle Laz

Hauanuuaiiedieandt 10 Talatisenin uarduiudaduazafieandt 100 talatlsenin Geetlunueilezlsznie

NITNINABIINGT (RUUN 40) W.A.2548 NTiuwuuLATGEY Basiazrandildainieiunda 1,000 Talatidaniuuaziie

ApeiueAmnRedeR ki luATNTARY HAN1INAABIAIAITNN 3 WU TN WAL UL UL T Ean LT

PN P P A o oa o P ' -
LWNﬂquL@ﬂﬂ?LN@N@Nluﬂ?N"ﬂmNQNLL‘ﬂﬂ[ﬂqm 9.9 Vu'lﬁlfﬂuvlfﬂ“

. a o a v
Figure 1 ATNAANINLN

aaa

Table 3 uamminvedewladluarudnia

Enzyme activity

Sample (Unit/ml/min)
+ SD
ulmiRunauATNdARa 0.86+0.15
tulmdAufin A E R snaN AT ARa 0.09+0.05
wulmiinumsinuuuueuuisidenudaiuanuatiosarudaioniin 9.9+0.76

RITHAIYITINIG NTNINEIARATLENS V
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3.3 NINARALNITTEAELARIlUARINARDY
NARALNITLANLLAR9TB9ATN AR BAN e U TN T9Aa R MIaUR9N TLANEAUIN 3 Fd WLIATNTARA
winlfiuaren1afinALuaLazLaL lunIzing SAndatinisszaeieiiasd (Primary irritation index, PII) Wiy
0.6 @¢lsineliiAnnNssrAeIAas

34 wiauifieulssAansnmwesadaRoutinanaulblanduazasndnrauinssageasuanluaaasing
818aNAIEMEIIUI 20 AL NaaedlERTudpRaniinaneulmianTadTnwinfuineuas i psndationtin
FatingAtuANLEILiNAIMI91 Wndsenutmndunenduetwseiauiiungn 14 5 udadnaraneaneuanain
NNTUANLRIRNY AHIENLE9ANY IaneuuasiAs HATHI AL HAN1INAAEIAIANTIN 4 -6 WU HanTinTedenaasTRT
U rsndpantinanienladanTaliAAauEneuaeeiio A NEineeddnn uazn1suAsLesiia nnndATNdARaut
et emauAN Nty uasieweubauduinaaeuduusn dui 7 wazdui 14 wudianutiavgi avndineesdin
a dl 3 v Y & 1 = o Aa v :/’ a dl v a 1 o | o [ 2
waz Naunsresia wWasuulaudniies wandliiviudnasudaioniinisaesatindie ifnsefuiuean 14 4 lainald
- 4 ne auss g ey . o
Nannsszaepes L lidRadasuuazannuanguaeialinasull uasilaliienaadasreuuuuaeuninmau
wanalanslirsudpioniinanieulmianTuazasndaioniifmetaaruan Aunaunes Henaniw Avunszansla
ANEELLTHEY AINTNTY N1sanTases ANANelalagsan NAN1INARBIAINTTINT 7 wudienanadasiiagnu
wenalasersudatoniinanieuladandennndrpsndaiioniifetsaauanlunnion uaziauianalalaeson
$araz 90 uariesar 64 ANNAAL e FaLiisunwanelontiananadasinaaesiasudaiontinanenladainda
(317 2) uduwsnimagey 330 7 uazdun 14 wudiRontihfauFauilsuiadu doulionlqnseaianaaetedanan

Table 4 WlsufisuAIANEAvEUIBsRnTasAINdnRanieul s AINdnRouiindaatapILAN

AMAMNEAUEUADIHI
Tuiinesay AsadnRauiauleld ATNIARIMENAIRENAILIAN
+ 8D + SD
’Tu‘ﬁl 0 61.43+10.47 51.93+8.89
'3/1417‘1' 7 60.90+14.29 52.28+13.45
Fuft 14 59.35:13.06 55.92+14.49

Bulletin of Applied Sciences
Vol.1No.1January-June 2012

729‘



Table 5 WFauiiay Aranudinaesdne sesrsndaioniihnaneulsianduasAsudaRoniifaetnsniuas

AMAMNLTNURIRE
AsndaRawinnasaulgiainds ASNIARINUNFIRLENAILAN
Fuiivagau + 8D +SD
d"w'i" 0 212.5+64.0 200.5 +62.6
Fudi 7 2133618 196.2 +60.8
qu*?; 14 218.1£72.8 199.2+61.5

Table 6 \WRtLEY ANTUAIEIERY 2smsudpRaniinaneulsianTuazAsidntautifmet1aA AN

ANITUAIIBIARND
Tuitnaaey AsndaRantnasaulgiands ASNTARIUTUNAIBENNAILAN
+SD + SD
”u‘?i 0 307.4£43.1 301.3+£37.3
'Tuﬁ 7 316.7£49.8 307.4+47.3
quﬁ' 14 316.2+43.8 308.2 +47.9

Table 7 AzuuuANAsnelalngsantesenangsinsaiau 20 Au e larndnRaniinanewlosiandaFauauiuarudaiondin fasne

ALIAN

ANuNanala AsndnRaviaulEd e ATNTARINTUNFAIBENIAILAN
+SD + SD

nANaN 7.3+2.3 6.1+2.7

enansnul 8.7+1.4 5.9+2.9

ANNNTzagla 8.4+1.4 6.4+2.2

ANNEFEULTEY 8.3t+1.4 7.0£2.3

ATNTHTU 7.8+1.9 7.142.1

NN9aAIITAE 8.1+1.7 6.8+1.6

=<
Anuanalalnasn 9.0+1.1 6.4+2.3
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® nsuInemansusnms

o A
IUN 14
Figure 2 Rautihrasenanadanilennaaslimsudnfioninauewloiandsatneraiidaailunan 14 4u

4. @91 (Conclusion)

ulnsisftegannTaiianssudnmnzmingy 377.56 wissieulnddaiadniulisi WeteuladAuaniale
Funaudiadneireuusaidenufaudatinaeulminfinaouiaios wuindAanssudnmagvind 1,025 witeewlasd
sefiaansulilsiiu thievlnTisAeafiinnnuadosudn Ui udiunausenas 20 lustudafioniih wudnmudafiaiien
Aanssuienlnd 9.9 misaieulmirefadanssiound antumudaianiisauenlsiaindailinageunisssaeifes
Tudndnaaes wudnlifinisssaneiies TnadatinnsszaeiAeaLilacdi Windu 0.6 uasnageitlssAvBnwasdmia
wihnaseulsdandanfsaumsuiuasudatoniinmedeacuanluananadasfuieengszudn 30-50 U Aruau
20 aunudANdpRouthnanenladanaarndniafaetnsaauANEANEAEW AN ENTRIRRY N1ULANTBIHY
TaiumnsineiuednaitidduarlineliiAnnissyaneides Weseunuanuiavalansldmsdnianiinuaenls
f«nfﬁqLLam‘%"wﬁmﬁquﬁqﬁfmﬂ'ﬁqmu@uﬁﬁuﬂéuuﬂu lanansnustaranszandla powdauidlou m’mﬂju%u nnsasiaTes
Anuanalalaasan nudranaasdasinaunane lassudaioniinaniewlsdanndauinnanasudaiaudinfaagng
AauANlunnéiny TnadiaaiuienelasauesndaiouiinaseuladaindsuasAsudatoniinfdoatienaunuyindy
$eaay 90 LAY 64 ANNAIAL
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The Development of Durian Shell Biochar as a Nutrition Enrichment Medium
for Agricultural Purpose : Part 1 Chemical and Physical Characterization
nmswauauEnwanuaanyFauivalfifluianiulgesiv
LL@zLﬁNﬁ’]ﬁl’ﬂﬂﬂ’]%"ﬁ’]ﬂ%ﬂtﬂﬂmiﬂiiu
AAUTT NMTAATISHANLRNIWATUASNILAN

Saijit Daosukho', Arun Kongkeaw' , Urawan Oengeaw’
anedan nagla’, ago A, 93199904 guuAa’

UNARED
a = = A 9y @ o o a = a o ny = =
nanaassnantuanaenyBuwine liduianiul gauiasiinsinamsludu vnlitaamaenysou

Q
=

luanazliennafidasgoumnil 400-500 esATaiea azlinanan duannudenydeu 34 Alansusenldenniteu
am 100 Alaniu dauanulaenyFeugnuanas Anuenauia lilauineuniaetlugeg 0.3-1.7 Haamns waslAaumm
wduilsng 0.3 nFu AaliadAnT Slevinatiaseilanisias XRF wud WnaestuannilaenyBauiiesdlsznay 1e
spagvleTauazllupaiunannndttiudanmaindagiu i unay nzanthdu wazlifl dowannildenyFauils
anxn9ntlFuen pH Iﬁﬂfgiuﬁﬁqqﬁmmmﬂéﬁ@iqammmmiﬁuﬂfﬁlﬁ Wit uanulaenyBaunainisfuaninugn
i pH Miadierelutae 6.5-7.5 Wevnmsieeeidnemziufofnn SEM uaz uRauifieususnlelarumumnasgu
ASTM D 4607-94 wudn dwannitldanyFuudaanumqusiganditiufanmaindaniu (uingngu 20 pm uazan
lalafu 202.32 mg/g )

Abstract

The biochar from durian shell in this research was studied as the nutrition enrichment medium for a plant
growing media. The durian biochar was pyrolysed in a non-oxygen condition at 400-500 °C which yielded of 3-4
kg durian shell biochar per 100 kg of fresh durian shell. The durian shell biochar was ground and separated to the
size of 0.3 to 1.7 mm with the bulk density of 0.3 g/ml. The durian shell biochar had 28% volatile matters, 57% fixed
carbon, and 15% ashes content. X-ray fluorescence (XRF) was used to analyze the chemical compositions-of durian
shell biochar’s ashes. It was found that the durian shell biochar had higher phosphorus and potassium content than
other biochars such as char from bamboo, palm shell and rice husk. The pH of durian shell biochar was adjusted
with the wood vinegar solution. The obtained durian shell biochar from this experiment had a stable pH value in the
range of 6.5 -7.0 for 20 days of storage. The surface morphology of the durian shell biochar was determined by
scanning electron microscope (SEM) and surface porosity was estimated by iodine number using ASTM D 4607-94.
It was found that the durian shell biochar had pore size of 20 pm and iodine number of 202.32 mg/g which showed

higher porosity than the other biochars in this study.

° @ P = = o o a N
ﬂ’]ﬁ’]m‘g CDUTINN Lﬂ@ﬂﬂﬁqﬁﬂu s Q'&ﬁl‘ﬂ?uﬂ?‘\iﬂuLL@:ﬁLWNﬁqﬁ]“ﬂqﬂqi
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1. Introduction

The discovery of Amazonian dark earth (terra preta) has led to the use of biochar as the soil conditioner to improve
crops productivities. Biochar is a char from biomass that pyrolysed in a zero or low oxygen environment for which
intended to improve soil functions and to reduce green house effects by carbon sequestration [1,2]. Adding biochar
to soil shows many benefits such as increasing cation-exchange capacity, retaining nutrients, improving water and
nutrients retention, and reducing metal contaminants [3-6]. Furthermore, the biochar is reported to show an inter-
esting characteristic of slow-releasing major macro nutrients (N, P, and K) which are required for plant growth [7].

Durian, as known as “The King of Fruit”, is one of the most famous fruit in Thailand. The statistic data from office
of Agricultural Economic shows that the Durian production in Thailand yields more than 600,000 metric tons per
year during 2008-2009. Therefore, the durian shell waste can be up to 300,000 metric tons per year (considering
the durian shell is 50% by weight).

Biochars are made from different raw materials such as nut shells, rice husks, and bagasse from sugar cane
processing depending on the crop residues on specific location. However, not all agricultural wastes are consid-
ered good raw materials for biochar making [8]. It is reported that the most suitable green waste for high-yielded
biochar production should have high lignin concentration because the formation of char from lignin occurred at a
mild condition due to the breaking of relatively weak bond [9]. Durian shell has a potential to be activated carbon
precursor due to its high lignin content [10]. Also durian fruit has high amount of potassium which is one of the major
macro nutrient the plants needed. From these characteristic of durian makes its shell shows a fascinating material
for biochar production.

The main aim of this study was to compare chemical and physical characterization of biochar made from durian
shells and others biomass available in Thailand such as rice husks, coconut shells, and bamboos. Also the possibility

of pH stabilization of the durian biochar was investigated.

2. Experimental
2.1 Materials
The durian shells were collected from the Marketing Organization for Farmer (MOF) in Bangkok, Thailand.
The shells were sun-dried to reduce moisture content for 48 hours. The sun-dried shells were pyrolysed in a traditional
kiln made from 200-liter barrel. The pyrolysis condition of the durian shells was done in an absence of oxygen, 400-
500 °C and lasted for 8 hours. The durian biochar was then ground using hammer milled and sieved to 0.3-1.7 mm
particle size range with the bulk density of 0.3 g/ml. The other biomasses, rice husks, coconut shells, and bamboos,
were prepared at the same manner as above
2.2 Chemical Characterization
The volatile matters, fixed carbon, and ashes content of the biochars produced were characterized following
standard methods of ASTM D3174-, ASTM D3175- and ASTM D3172-. The chemical compositions of all biochars in
this study were analyzed using X-ray fluorescence (XRF, Fisons, ARL8410)
2.3 Physical Characterization
The morphologies of all biochars in this study were observed by scanning electron microscopy (SEM,
Hitachi, S2500). The qualitative surface porosity of the biochars was estimated using iodine absorption technique
from ASTM D4607-94.
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2.4 Durian biochar pH stabilization
The pH of durian biochar was measured in a static condition. The grounded durian biochar weighing a total
of 5 g was immersed in 50 mL of distilled water for 30 minutes. Then the mixture was filtered through filter paper
(Whatman, Grade No. 1). The supernatant was measured using pH-meter (Corning, pH meter 240). The alterations
of durian biochar's pH was done by mixing 200 mL of wood vinegar 10-50% v/v solution to 250 g of the grounded
durian biochar and left the mixture in the ambient temperature until completely dry. To determine the pH stability, all
samples were kept in an airtight container and measured pH value for 20 days in the same procedure as above. In

addition, all samples were analyzed in triplicate.

3. Results and Discussion
3.1 Volatile matters, fixed carbon and ashes content of biochars
The volatile matters, fixed carbon, and ashes contents of the selected biochars are given in Table 1. The
volatile matters content represented the amount of tars and releasable gasses in biochar. The fixed carbon content
indicated the soild fuel and carbon content left after the volatile matter was driven off. The ashes content informed the
amount of mineral matter and incombustible matter in biochars [11, 12]. Therefore, the biochar from rice husk which
had 50% of ashes content should have the highest amount of inorganic mineral content than biochars made from

other materials. However, the chemical composition of ashes content needed to be analyzed in details using XRF.

Table 1 The chemical content analysis of different type of biochars

Type of Biochars

Content
Durian Shell Bamboo Palm Shell Rice Husk
Volatile Matters, % 28 26 28 18
Fixed Carbon, % 57 64 65 32
Ashes, % 15 10 7 50

3.2 Chemical composition of biochars

The chemical composition analysis of different types of biochars is shown in Table 2. Interestingly, the ashes
from durian shell biochar had very high amount of potassium (K) and phosphorous (P) which are the major macro
nutrients required for plant growth, while the others had high amount of silica (Si) especially in rice husk biochar’s
ashes. The data from XRF analysis also informed that the raw materials which were the structural parts or hard protec-
tive shell of the plant contained high silica content. This explained the large fraction of silica in rice husk, palm shell,
and bamboo respectively. However, the case of durian shell, the silica content was very low compared to the others
while the potassium and phosphorous contents were high. When considering the durian shell structure closely, the
shell had two layers, the hard and spiky outer shell and the soft and spongy inner shell. This structure of durian shell
might contribute to the low silica content and high potassium and phosphorous contents of the ashes. Moreover, the
chemical compositions of ashes from durian shell biochar mostly comprised of the major and minor macro nutrients
beneficial to plant. Therefore, the durian shell biochar demonstrated the appealing chemical characteristic that was

useful to plant than the others despite it had lower ashes content than the rice husk biochar.
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Table 2 The chemical compositions of biochars’ ashes analyzed by XRF

Type of Biochars’ ashes

Chemical Composition (%)  Durian Shell Bamboo  Palm Shell Rice Husk
KZO 47.24 10.35 15.89 2.15
F’ZO5 14.37 10.61 2.23 0.42
MgO 15.79 11.30 3.20 0.42
Ca0 8.49 6.06 15.84 1.00
Sio, 6.25 31.72 53.62 86.90
FeZO3 1.74 27.05 3.71 0.10
SO3 3.23 1.27 2.44 0.17
Na2O 0.24 0.23 - 0.48
ALO, 1.25 0.17 2.80 0.19
MnO 0.12 0.29 - -

3.3 SEM analysis

The surface morphologies of different types of biochars in this study are presented in Figure 1-4. It was found
that the biochars from durian shell and bamboo had high porous structure with numerous hollow cells. Contradictory
the biochars from palm shell and rice husk had very rough surface with no pore. The reason for these different surface
morphologies of each biochars should be the difference of cellular microstructure of each material. To serve the
purpose of being the fruit’s shell, the durian shell needed to be breathable and moisture controlled. To be breathable
and moisture controlled, the cellular microstructure of durian shell should contain numerous interconnecting pores
that allowed gasses to pass through selectively while maintained the right amount of water molecule inside. In the
bamboo biochar case, the porous structure found was influenced by the water-conducting and food-conducting
cells of the stem. Those cells were arranged end-to-end forming a system of tubes that conveys water and nutrients
[13] which explained the systematically pores ordering in bamboo biochar. However, the pore size of the durian shell
biochar was much smaller than the pores of bamboo biochar dues to the selective permeable of gasses properties.
While the other shells such as rice husk and palm shell were functioned to protect the seed, the breathability and
moisture controlled characteristics were different from the fruit. To protect the seed, the shell needed to be tough and
not allow anything harmful to get through the seed inside. Therefore, the surfaces of the rice husk and palm should

have the very rough morphology to increase surface energy and no pores to repel contaminants away.
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Figure 4 The SEM pictures of palm shell biochars’ surface morphology

Bulletin of Applied Sciences
Vol.1No.1January-June 2012

137‘



3.4 lodine absorption analysis

The iodine absorption analysis was done to determine the surface porosity of biochars. The higher iodine
number meant the higher porous on the surface which determined by iodine absorption. In the case of the activated
carbon, a porous carbon uniquely famous for its high absorption activity, the iodine number was usually higher than
600 mg/g. This analysis provided a qualitative result for the level of biochars’ porosity besides the quantitative results
shown in the SEM pictures. The obtained iodine numbers clearly confirmed that durian shell biochar has the highest
surface porosity of all other biochars in this study (Table 3). This result made the durian shell biochar a candidate
for the nutrient enrichment medium used for soil because the durian shell biochar would increase the soil moisture

by retaining water in it's high porous structure.

Table 3 The iodine number of different type of biochars

Type of Biochars lodine Number (mg/g)
Durian Shell 202.32
Bamboo 177.66
Palm Shell 162.81
Rice Husk 67.41

3.5 pH stability determination
From the data acquired on chemical and physical properties, the durian shell biochar featured the fascinating
characters for being the nutrition enrichment medium in soil. The pH value of material was also an important factor to
be concerned. Most plants require the pH value around 6.5-7.5. However the pH value of durian shell biochar was
measured to be 10 + 0.1. Therefore, the durian shell biochar needed to neutralize with some acid to lower the pH
in the range that suitable for most plant. The wood vinegar was selected to be the acid solution for this study. The
wood vinegar was a liquid by-product from vapor and smoke during pyrolysis. The pH of the wood vinegar solution

used in this study is shown in Table 4.

15AITHANIYITING NTHINENAIRAS LT V
Ui 1 auiudi 1 ans1An - Agurzu 25551 138



o = ¢ o
W NININYIAINRITUINIT

Table 4 The pH value of wood vinegar solution

Wood Vinegar Solution Concentration pH Value
(% viv)

50 3.17 £0.01

20 3.34 £0.01

10 3.26 + 0.01

After mixing the wood vinegar solution with the durian shell biochar, the changes of pH value were measured
in a function of storage time to determine the pH stability of the durian biochar. As shown in Figure 5, it was obvious
that the pH value of the durian shell biochar treated with 50% wood vinegar solution considerable dropped to 6.5
+ 0.1 which fitted the proper range for plant growth. Also to test the pH stability of the biochar mixture, the pH of
each biochar was measured after 20 days of storage. It was found that the pH of untreated durian shell biochar was
dropped during day 3-5 of storage and then increased to its original pH value at 10 at the day 20. Since the pH of
untreated durian shell biochar was measured to be stable at 10 + 0.1 as discussed in the previous result, the change
of untreated durian shell biochar’s pH during day 3-5 of storage should come from measurement error. When con-
sider the change of wood vinegar treated durian shell biochar, the data showed that the durian shell biochar treated
with 50% wood vinegar had a slightly increase of pH when stored for 20 days while the pH of durian shell biochar
treated with the lower concentrations of wood vinegar decreased. The graph showed that at the high concentration
of wood vinegar the pH of durian shell biochar had drop significantly explaining the adequate amount of acid solu-
tion that can neutralized the basic durian shell biochar's surface. While at lower concentration (10% and 20%) of
wood vinegar the acid concentration was not enough for the neutralized reaction to occur suddenly, but at the longer
storage time the pH of the sample slowly dropped. However when considering the change of pH of all the treated
durian shell biochars, it showed that the reaction was not reach its equilibrium at 20 days of storage. Therefore, the
further study about the shelf life of wood vinegar treated durian shell biochar needed to be investigated for longer
period of time. Though when taking the range of suitable pH for plant growth into account, it was found that the pH

value of the durian shell biochar mixed with 50% wood vinegar solution was still in the range 6.5-7.0 for 20 days.
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Figure 5 The stability of durian shell biochars’ pH value in a function of storage time

4. Conclusion

In the present work durian shell biochar was found to have interesting characteristics which makes it the hopeful
candidate for a nutrient enrichment medium in soil. The durian shell biochar has moderate inorganic contents which
mostly consist of major and minor macronutrients the plant needed, especially P and K. These mineral contents in
durian shell biochar make it distinguishes from other biochars made from bamboo, rice husk and palm shell. The
surface properties of the durian shell biochars was investigated by SEM and iodine absorption analysis. Both tech-
niques inform the high porosity on the surface of durian char even though the pyrolysis temperature is only at 400-
500 °C. The high porous surface structure of the durian shell biochar could contribute to the high water absorption
and retention which is qualify for holding moisture in soil. The high pH of the durian shell biochar can be decrease
using the 50% wood vinegar solution. The pH value of the durian shell biochar after mixing with the wood vinegar

solution is lower to 6.5-7.0 and stable for 20 days.
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Abstract

In the experiment of Banana Cider production by studying the effect of Banana cultiva , and model of raw
material prepare before fermentation. The result of Cider production compare Banana cultiva such as Glauy Num
Waa, Glauy Kai and Glauy Leb Mue Nang. The result of Cider making by fermentation was quality control by analyze
% alcohol and total soluble solids (degree Brix, refer sugar content) Fermentation was used mixed of Saccharomy-
ces cerevisiae 2 stains ; Rhone 2226 and BDX for prepare starter. Method for Banana cider making was studied
2 model of composition prepare for fermentation are ; 1) fermentation by used banana juice mixed with yeast and
fermented in bottle glass 2) fermentation by used pieces of thin slice banana, solution of citric acid mixed with yeast
and fermented in bottle glass

Fermentation of Cider making was compare 2 model of composition prepare, its shown that using pieces
of thin slice banana was good condition and easily to make cider. The Brix fermentation adjust Brix value begin 22
degree Brix, and control temperature at 22 degree celceuse and monitoring degree alcohol when fermented 8-10
days which at the last of fermentation, it was have alcohol 12.5-14 % At the appropriate alcohol level after fermented
was used to improve taste and flavor for made Cider.

This study was shown that Banana cultiva don'’t effective to alcohol level in product. Banana cultiva, Glauy
Num Waa, Glauy Kai and Glauy Leb Mue Nang, its shown that not significant difference (P20.05) for alcohol and
sugar change during fermention. Sugar or degree Brix will be decrease while % alcohol will be increase. When
fermented go on 8-10 days alcohol was detected 13.5-14 %.

Cider which made from Glauy Num Waa will have light-color and mild flavor when compare with Glauy Kai
and Glauy Leb Mue Nang. After fermented banana cider was clear by filture and aging 1-1.5 month and was pass
through membrane filtration. Clear Cider was improved color taste and flavor by adding banana juice which made
by freezing technique extract. Adding banana juice and apple juice in Cider improve color and taste quality and
also to adjust % alcohol in product. Taste panel Cider compare two level degree alcohol Cide ; 6.0-6.5 % alcohol

and 8.0-8.5 % alcohol. Taste panel result shown that the lower % alcohol Cider was acceptance more than higher .
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Abstract

This work focuses on the usage of robotics technology in the process of environmental data collection
for the purpose of environmental protection, water resource management, and flood protection. The Department
of Science Service (DSS) has designed and built a field mobile robot in the form of modified single seat “sit-inside”
touring kayak driven by a pod propulsion system. The kayak’s body can traverse a variety of water surfaces.
The pod propulsion system is suitable for a kayak since the drive system is compact and it gives the kayak
the agile movement. The use of rudder is replaced by the heading motor and trolling motor set which gives better
maneuvering and stall-free motion. The robot boat can be controlled in two modes- Manual control and
Autonomous waypoints tracking. In manual control mode users can control the robot remotely via 2.4 GHz radio
system at the distance less than 1km. The Autonomous control is realized by the Double PD loop control algorithm
which receives navigational data from a global positioning system (GPS) and an inertial measurement unit (IMU)
and send command signal to the pod propulsor. The robot boat can be mounted with a variety of scientific
instrument such as a multi-parameter head sensor, an echo sounder, and an automated water sampler system. The
users can inquire real-time data from any sensors on the boat via wireless communication network such as WLAN,
EDGE/GPRS, or 3G (subject to availability of the network). This research work was already put to work in real-world
application in the event of the 2011 Thailand’s great flooding. The robot boat equipped with a single beam echo
sounding system was used to acquire depth data of the canals to identify the clogging points. The data was use in

planning the drainage of flooded water in Bangkok Metropolitan area.
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Figure1 Canals around Bangkok Metropolitan are shallow, narrow and usually are crossed by low clearance
bridges. Therefore, small draft and low clearance are the two important specifications of the robot boat. Robot

in the kayak form has no problem getting through this environment.
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Figure 2 Small size reservoirs (< 10,000 m?) to medium size reservoirs (10,000 m* to 1 km?) are an ideal place
for the robot boat to perform autonomous data acquisition or environmental sampling. This figure shows the

robot boat performing a bathymetric operation in the ~90,000 m? reservoir.
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Figure 3 The boat driving mechanism or the pod propulsion system is composed of a heading motor mounted

vertically and a thruster (trolling) motor connected to the shaft extended from the heading motor.
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Figure 4 The DSS'’s robot boat is a modified kayak structure with motor. It is equipped with GPS and IMU for
position and heading control. The pod propulsion system is used to drive the boat. The deep cycle battery is

used to power the pod propulsion system, a computing unit, and a wireless data link unit.

Table 1 Robot boat’s key performance parameters

Parameter
Maximum speed 7 Km/hr. (2 m/sec)
Minimum turn angle 0 degree
Maximum angular speed 30 degree/sec
Battery life 1-1.5Hr.
Maximum payload 100 Kg.
Width x Length 3.85mx 68 cm
Head clearance 60 cm
Draft 50 cm
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Figure 6 The diagram shows the control system in autonomous waypoints tracking mode
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Figure 7 Two kinds of navigational sensors are used to control the robot in auto mode. RTK-GPS receiver from
TOPCON Model Hiper GA (left) and IMU from MicroStrain Model 3DM-GX2 (right). A GPS gives real-time loca-

tion of the robot boat. An IMU gives real-time heading angle information.
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Figure 8 Diagram showing the parameters that are used in the double PD loop waypoints tracking control. Note

that the IMU's frame of reference is always 180 degree different from the GPS’s frame of reference.
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Figure 9 Simulation shows the conversion from an initial point toward the goal point. At each instance (200

milliseconds), the two loops are servoing heading angle toward the goal set angle and the distance to zero.
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Table 2 Value of each Gain used in Double PD control loop

Gain Value

K 8
el

K 3.3
d

K 65000
p2

K 2000

Table 3 A set of four GPS waypoints in figure 10 that was used to test the navigational accuracy of the

autonomous waypoint tracking control algorithm

'egm'?"l ALUUS GPS
1 N 14 02.02961 E 100 43.54788
2 N 14 02.02981 E 100 43.52863
3 N 14 02.00563 E 100 43.52892
4 N 14 02.00504 E 100 43.54803
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Figure 10 The trajectory of the robot boat during the way point tracking control test. The robot boat can perform the

tracking of the four points well.

2.2.3. gunnlasu (Auxiliary equipment)
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Figure 11 Echo sounder head and its installation at the bow of the kayak boat. The left figure shows the head during the deployment.

The right figure shows the head in stowing position
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Figure 12 Auxiliary equipment can be installed on the robot boat such as the water auto-sampler, a high defini-

tion camera, and a multi-parameter head for water quality measurement.
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Figure 13 Another effective use of the robot boat is to survey the reservoir with the echo sounder in order to gain volumetric
information. The bathymetric process using robot boat is preferred over the old method of manual measurement at each point

because of the time saving and the great accuracy provided by the precise movement of the robot.
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Figure 14 Example of the information giving out to the Army’s Armed Forces Development Command. It is
composed of GPS points and the depth information at each point plotted on Google Earth. As shown in the figure,

the area near the junction point of Klong Ladprao and Klong Sanseab has shallow patch which needs to be cleared

out for better drainage.
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Figure 15 We used the kayak boat in manual mode equipped with echo sounding system to survey Bangkok
Metropolitan’s canals during the 2011 Thailand’s great flooding. The system helped identifying the shallow spots.
Such information was useful for pin pointing the digging operation in order to clear the canals for effective drain-

age of the flood water.
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