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Improve the Maha Sarakham clay properties by grog addition
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Lada Punsukmtana, Sasithorn Pharaboon, Danai Kitchainukul
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Abstract

The study aims of an improved the Maha Sarakham clay property by grog addition was to understand the effect
of grog on properties of a body for Ban Moh (Pottery village), Muang district, Maha Sarakham province, Thailand. Grog
was prepared by the mud from Nong loeng, Tumbom Kewa, Maha Sarakham province, and the rice husk. It was fired,
grinded, and sifted through a 60 mesh sieve. The grog was mixed with the clay from the same source. The ratios of
clay:grog to prepare a body were 80:20 70:30 60:40 50:50. The body was aged, kneaded, formed, and fired at 700-1200°C.
The body physical properties were measured before and after fired: shrinkage, water absorption, density, and modulus
of rupture. The phase, thermal property, and microstructure were also studied. The experimental results showed that
an increase in grog in the body increased the body open porosity and leaded to increase in the water absorption and
reduce in the drying shrinkage, firing shrinkage and density. The sample fired at low temperature, 800°C, appeared to be
porous and gained Quartz as the major phase with low modulus of rupture and low thermal expansion. An increase in
the firing temperature to 1200°C reduced the porosity, water absorption, but increased the firing shrinkage and density.
The major phases as Cristobalite and Mullite caused an increase in the thermal expansion and the modulus of rupture

consecutively. This study showed the chance of improving the Maha Sarakham clay properties by grog addition.

ANFNARY: AL, UMETAY, WNAY, ASDIUURLLKT
Keywords: Clay, Maha Sarakham, Rice husk, Pottery
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2.38n1snAaav (Experimental)

wva o
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Scanning electron microscope (SEM, JEOL JSM-6610LV
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Determination of chloride in admixtures and aggregates for concrete
by flow injection potentiometry

o
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Abstract

A simple flow injection system using three 3-way solenoid valves as an electric control injection valve and with
a simple home-made chloride ISE based on Ag/AgCl wire as a sensor for determination of chloride in admixtures and
ageregates for cement has been developed. A liquid sample or an extract was injected into a water carrier stream
which was then merged with 0.1 M KNO, stream and flowed through a flow cell where the solution will be in contact
with the sensor, producing a potential change recorded as a peak. A linear calibration graph in range of 10 - 100 mg
L™ was obtained with a detection limit of 2 mg L™. Relative standard deviation for 7 replicates injecting of 20, 60 and
90 mg L chloride solution was 1.0 ,1.2 and 0.6 % respectively. Sample throughput of 60 h" was achieved with the
consumption of 1 mL each of electrolyte solution and water carrier. The developed method was validated by the
British Standard methods.

AanAgy: Waduady, nnuToeiwss, aaslss, Aounin, lelaslaunlinduaady
Keywords: Flow injection, Potentiometry, Chloride, Concrete, Hydrodynamic injection
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1.unun (Introduction)
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3Ca0.ALO, .CaCl 10H O (Fridel’s Salt) %30 3Ca0.Fe O..
CaCl_ 10H O (Calcium chloroferrite) visouslustoglulaseasng
vowdnnaresUfizenlawmstu

2. Physical binding AaglsAu1edLa1anIngndncienss
anenm (Surface force) lauunannavosufisenlawmstu
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a ac a ¢ Ao
A15199 1 Kan9ISN15IAsITINNUSUNuRaalsAlnesTUUNIS AN disne ey

Method Principle Sample Linear range LOD R.S.D h-1 Ref.
(mgL-1) | (mgL-1) | (%)
FI Spect Cl— Hg(SCN)Q—Fe3+ Water 0-50 3 2.5 37 [3]
FI Spect Hg(SCN)Z impregnated on epoxy | Water 20-7.8 0.5 2.2 100 [4]
resin bead
MSFI Spect CI-Hg(SCN)z-Fe3*, use small Water 1-40 0.2 0.8 130 [5]
amounts of reagent
Sl turbidity Forming of AgCl precipitate Ground, 2 - 400 2 37 57 [6]
Surface,
Wastewater
FI Spect Release of chloranilate Water 0.5-100 0.3 1.1 80 [7]
from silver chloranilate solid
phase reactor
FI poten On-line dialysis, tubular Ag/AgCl | Eletroplating 3550 -35500 - - 40 [8]
electrode Bath
FI poten Ag/AgCl electrode with on-line Milk and 4-1000 0.4 1.2 90 [9]
dialysis coconut water
SI-LAV poten | Ag/AgCl electrode Water 3.6-28.4, 3.6 0.7-1.3 50 [10]
28-298
FI poten Ag/AgCl wire Cement 10-100 2 0.6 - 60 [11]
aggregates 1.2
and
admixtures

Spect = spectrophotometry , poten = potentiometry , Fl= flow injection, Sl= sequential injection ,

MSFI = multisyringe flow injection and LAV = lab- at -valve

2.38N1539¢ (Experimental)
2.1 @15l

~N Y < ~N§ ¥ o o a ¢ .
ansiinanuadunsanledunsun1siasesi (Analytical
grade) wazldurusirannlooou (Deionized water) lunis
LSENATATANY

2.1.1 @1358ga18u1nsgIuAaolsn AT Uty 1000
Taansureans wisuleetalufeunaalss 0.1648 nSuazany
Tudhusieanlessulsudsunsiuvininusuinsauasu 100

AnaNS

pid }

2.1.2 ansavangluwnadoulunsndutu 0.1 luans wsew
Tnegalnnadaulumsn 5.05 n54 azareluiusiaainlessu
YSuUSunsiuininusunmnsauasu 500 Nadans

2.1.3 ansazarewesnaaslsaitudu 0.5 Tuansluans
avanensalelnsnasindudu 1 wansd wieulnedanesneaslse
8.11 n5u avangluansazarensalalasaassndudu 1 luans
YSuUsumsauasu 100 Hadans
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2.2 TninuBeaiun3nlungwad (Potentiometric flow  aaslsduualnliuuardalsuazladaluinvinaunag

through cell) wazaalWAGandwizaaalsa ldldlulnangiwad tilwihiasduanunsaldldegaies 3
l@@au (Chloride ion selective electrode, CU weulnenuliluansavanes 3 luans Inunadounaslsd
ISE)

Timugesiun3nlnangigadvinnuHunaIainegasan
w1 2 wuiwestaenmsiasesnzndugeadiornmsldds
Ifivirau (Working electrode, WE) warvasdmiuldalngi
919843 (Reference electrode, RE) wazdasdmiulviansazane
Ivaituazesn fuandu 3UT 1

Hlindensuneaaslsflosey Mananituauin
urluguenats 0.5 faduns mdeldaindiuieedos
Uszdiurtaly shanldndeuiadaned/daeseaslse (Ag/
AgCl electrode) Tngdnuazyimiuareinalndunsuyily
Juadluansazanemlosneaslsndudu 0.5 wansluaisavae

nsalalasmaasnidudu 1 luans ey lminduidudaes

JUN 1 Wangiwad

2.3 szuulnaduaty (FI manifold) #dlun1siwsizvinaslsa
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]

gﬂﬁ 2 syuulrladuantulnnuleownisgnshedmsuinnesivmusunanaslse ; SV1-3 = solenoid valves, S = standard/sample, W = waste,
M = mixing coil, D = detector, ADC = analog to digital converter unit, PC = personal computer. (injection valve is in loading position)
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3. wana:d91sni (Results and Discussion)
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A15197 3 wan1siSeuisunsieszinidsinaunaslse iy
729819 iU 518 wazdneNdNAaUNIA LneASlnadulRATY
Twinudlalninagnedeiuisunnsgiu

Usurunaalsa (%ew/w)
AoegN FI - Potentiometry | Titrate (Standard
Method)*
Coarse Aggregates
1 0.0030 + 0.0001 <0.01
2 0.0040 + 0.0001 <0.01
3 0.0023 + 0.0001 <0.01
4 0.0024 + 0.0000 <0.01
5 0.0078 + 0.0002 0.01

A15199 3 (sia)

. Usunrunaalsei (%ew/w)
MDY
FI - Potentiometry Titrate (Standard
Method)*
Fine
Aggregates
1 0.0079 + 0.0002 0.01
2 0.0030 + 0.0000 <0.01
3 0.0023 + 0.0000 <0.01
4 0.0013 + 0.0001 <0.01
5 0.0014 + 0.0000 <0.01
6 0.0092 + 0.0001 0.01
Admixtures
1 0.0109 + 0.0003 0.01
2 0.0113 + 0.0003 0.01
3 0.0076 + 0.0002 0.01
4 0.0141 + 0.0003 0.01
5 0.082 + 0.003 0.08
6 0.093 + 0.002 0.09
7 0.042 + 0.002 0.04
8 0.074 £ 0.003 0.07
9 0.052 + 0.002 0.05
10 0.232 + 0.004 0.23
11 0.253 + 0.005 0.25
12 0.033 + 0.002 0.03

* Coarse Aggregates UWay Fine Aggregates VT’m’lﬁLﬂiwﬁmmmmﬁm
BS 812 Part 117 1988 Method A
* Admixtures ¥N153ATIANINLINTFIU BS EN 480 - 10 1997

4.4asU (Conclusion)
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nIswungnsinodnsuinrasustnlusoltiov
Glass batch development for pot furnace

wensg fyne’, nflvg agzan’, Usan 9diTed, witssas Insdvsinua’

Ekarat Meechoovas'’, Kanit Tapasa', Parida Jampeeruang', Tepewan Jitwatcharakomol'

UNARED

&mﬁaﬂﬁﬁ’wmqmuﬁaéw%’uLmuaamﬁmhjﬁialﬁm (pot furnace) NNTANYIDIAUTENOUNINLATILAZALURUDILAT
Funuuiifismhelusasemadiothuniduduwuy Fumdusuuinaidusiilenlaififivsinaudan (Si0) s iliananse
viaeallsine illdgmsuifiannsovasudaldfigumaiio (< 1,400 °0) IneldinnAuvdnnelulsema annsnthluvassiluim
waamﬁwﬁﬂlﬁﬁaLﬁ'aﬂﬁaﬂmauyizﬁ wihissenldTesdussneumaniilaetmiinvesdani Yosay 68 uoanlat (Na O, K 0)
Sovag 19 woamlatldsvn (Cao, MgO) Sowaz 9 wulsuueenlys (BaO) Sevar 2 wazdreanlys (ZnO) Sevay 2 JauvRlndiAss
AULMAULUY ﬁﬂ’)'limﬁﬂLLﬁSﬂ’li“tJEﬂEJGlu’JL‘ﬁ@ﬂf\]’]ﬂﬂ’s’m%@uﬁLmﬂ%ﬁmﬁ’m%Umi%ugﬂéﬁEJﬂ’ﬁL‘L'hLLf’h (blowing) Ssanusatily
Uszgnaldlunssuiunsuanuiluseaugnamnssy

Abstract

This research is to develop glass formula for pot furnace. The formula is modified from a prototype soda-lime
glass which has low silica content. The low silica glass can be melted easier than the high silica content glass. The
developed glass formula by using local raw materials can be melted at temperature below 1,400 °C. The glass formula
is silica (SiOz) 68%, alkaline (NaZO+KZO) 19%, alkaline earth (CaO+MgO) 9% with barium oxide (BaO) 2% and zinc oxide
(ZnO) 2% in weight. The glass properties are closed to the reference glass which has the viscosity and the coefficient

of thermal expansion suitable for blowing process and can be applied for the industrial scale glass production.

AdnAny: wialenlad, wvasuuiivlialisawles, ngauw
Keywords: Soda-lime glass, Pot furnace, Batch

NSINEIFERIUINIS
*Corresponding author E-mail address : ekarat@dss.go.th

www.dss.go.th

29



30

1.unun (Introduction)
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(Na CO) lungiuuia (batch) widwidazvaoudale
m‘uuu,mmeuﬂimmaﬂmmamaﬂmm‘wmaaum%am
aufleannidnsvenedailesainauieugs
numuseatsaiien waransnsainiildde [3-4] an
nsdrsanuIuloamaigganslunvasuuiivia
laisterflosgadis 1,500°C ustiilesannimgduuiagnlelily
wifeviaan (melting pot) Aililléduiatuanuioulnense
vligungfintsvasuaiviusiin o figamgiusran
1,400°C Syuddlidugamgisunuudmiunisiamn
gasuna

HAUATENRIUIN MIRAUIgATLAILTEAANAY
Tunsvasutiuaiunsavinlalae

1. msdiudsuingAuiifianuaunsalunis
viaeuflAAnInANF T nsunuiiuyy (Caco)) st
seamalnlud (Casio,) [5] nsunuilexgiiun (ALO ) éae
wiagas (KNaAlsi 0 ) w3 Inlsilalsyi (ALSI O, (OH))
[6-7] wansenuanameslulauniindanansoanndasu
Tunsuaouadléfesas 3-10 Tuagfuadusznoumand
vosgnsui Tnsuiiiuiuupgnsdinaiosdusznouma

wiluaran TR WuReIiugnIuiILa

2. m3andiua@ant (Sio) ) Tunia Tawnisan
Ysinamaeluinghuwi Luaﬂmﬂmwmummﬂwﬂau
AiEnasnniigauazvassvhegalunszuIuMsTiaey
ui wasfinUsinamesesduseney weaailal (NaZO,
K 0) weanlathdim (Ca0, MgO) wardonlesdus e
TufilegnsdausRdusmeeanzan [8]

N13AINNIIWes I lauind e M AINEIUNIE Nu
WauIUlAvneAUNSIgMuIandsulunssUIuNTTa WA LAY
Conradt et.al. [9-10]

mwa”wumqmwﬁ“‘ me) Auufdeanslidmsunisudsuntas
ningavldiduients Ao exploited heat, H aunsaauadle
MNALIFIUAD

L Awdanumaed] AHlunisiaeuiagiuuia (atch) Td

= & o o A Ay
Wy mmmuazqummwm
Batch (25°C) —=

AH°

chem

Glass + Batch gases (25 °C) (1)

=  H +H K

(glass) (gas)

()

(batch)

2. Amasnuniviilowgamgiiinuaingamgdviesiis

]

QUUNINITVAEN AH. | T a0UnNNVaus 19897
il U T(glass) 3 U

H = AW +AH

ex chem

T(glass) (3)
Tums3deil Bnsusulasugnsuiiiieanndsnuniu Sluses
YSuanUsunavamaaievidanudesnisndsulunisiujisen
anas shldemdsnumaedl AR anas dwalidinnudionns
o =g S0 W a v a g & v
wasunldmangedmsunisdsusdaminingavluiluiowa
anasluie Weldgnsuindamdanuanasaiuiilaludng
autAnuengeg lnsansuiniaulanewaendilad uaslaudnlng

AN ULAIAUBUY

2.38n15998 (Experimental)
2.1 gasuazauUAvauiafuuwuy

gnsuazandAvosuidunuuildlunsidesuandumsed 1
uiaduuuuduiegefildinnglsndusmiiauntudeldluem
vaeuuvialsiseles ﬁauﬁ’aﬁmmzﬁm%’uﬂﬂiﬁmvﬁugﬂmamﬁmfm‘
Tnefldnnsitui (blowing) defiguuuulunsuanadneadsiulsany
wivuananuazvuageslulsemelng
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M15197 1 gasuazauvAvauiadiuuuy

aJAUs:znauUNIAD

Sova:Ingthnln

SiO2
Na O
2
KO
2
Ca0
MgO
Al O
2 3
Ba0
TiO

2

Fe O
2 3
Zn0
Sr0
Sb O
2 3

SO

3

69.22
11.80
6.20
4.87
0.03
0.08
477
0.02
0.01
1.93
0.02
0.96
0.07

auum
Coefficient of Thermal Expansion 9.6x10°°C”
Strain point 473°C
Softening point 709°C
Working point 1047 °C
Melting point 1450 °C
Density 2.52 g/cm®
Refractive index 1.52

2.2 gasuianeaag

gnsuimaaesiased 2 fagiiuvdnde nae lunuey
Huyu lfeanadalns wagreaanalalud dinnainlssnuui
d wansdonled wuiSeuasuaiun Laslnuaadeuasuaiug
Wuansiedinsadiléluviesfifinis (Lab grade) sduszney
mandvesingiuuansisnsedl 2 duingasuiaifiouides
fuuisuiuy lnsusuusinavemseluingauuimlveglugas
Fowar 53-60 Usuna lamueveglurisdosay 17-20.5 wazUsu
U%mm’?mqaué"us] audndIY uLansians1ed 3

M15799 2 UERga9AUIENAUNINANVRITNgAY

auAUsznounIAD JnnAu

(Sosaslnenin) ns1e Tsaiios Auyu ToiAguWasans | seaanallusi
Si02 99.48 0.03 0.65 67.46 50.24
TiO2 0.02 - - 0.04 -
A|203 0.24 - 0.17 19.36 0.22
FEZO3 0.05 - 0.07 0.09 0.14
Ca0 0.02 0.02 55.76 2.10 43.64
MgO - 0.1 0.32 0.69 2.06
NaZO - 63.81 0.05 8.54 0.23
KZO 0.06 - - 1.72 0.07
803 0.03 - - - -
LOI 0.1 36.03 42.98 - 3.4
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M13797 3 UARIgATUAIMARDY

o gns (Soga:lngUinntin)
JnnAu

A B C D
waoydanluei(Sb,0,) 0.87 0.90 0.90 0.90
IuiSgumSUIUA (BaCO,) 475 217 4.90 2.60
Fiuyu (Caco,) 7.83 - - 11.00
soaandlnlus (CaSio,) - 13.20 9.90 -
IwinaggunsuaIuRm (K,CO) | 7.80 - 8.05 0.80
lgiguIwariaus (NaAISio,) - 9.00 - 9.05
ns1g (Si0,) 60.10 | 53.33 | 56.90 | 53.45
TsAoB(Na,CO,) 16.90 | 2050 | 17.55 | 20.50
BuAvanlyA (Zn0) 1.75 0.90 1.80 1.70

2.3 ApszresAusznaumaaiitaznadouauinvag
wia
2.3.1 ¥insmageuanuainsatunisaeusiivesingau
LLﬁaﬁqmmﬁ 1,350°C shealnfindunan 1 42lus wdsann
Huthanesiefifariter3euiiieuanuanunsaluniswasuves

o

TOAULARLERT

2.3.2 wssumegnaniidmsunageuaudRmusnge lagly

SmgAuu 300 n$u neoxlumvaesliiinfigama 1,400 °C 2
Flus ustay batch luwuufisnindanniudsouitoungd 520
°C 1 $alus waziebSmulumeu thudiessimesddszneu
mMauadfienios Wavelength-dispersive XRF spectrometer
(S8 Tiger Bruker AXSX) autin1svenesudaduiiesanaiu
Fousie 35 dilatometeric (NETZSCH DIL 402 PC) A3 1uwiln
YDIUAINIYID fiber elongation (BAHR 402) faTlninneasnie
1584 abbe refractometer (T1 Atago) AAUMLLLGET3
Buoyancy kA% AINsdesHuvesudILarAReIA3es UV/Vis
spectrophotometer (Analytikjana Specord 250)

2.4 neapavaanwidluszAUgAEINTIY

dongasuiifianumnzauiiganiouvensusunaniu
200 Alansu lunasululssuwiimemivasuwiivinlil
AotlawuNITZUIUNITHARVDILTNY Nd1RnTugUiduud
P Y = o v Al s a wa
Fukuuwal 39w nte lumeerUsenaumaailvazauUn
Ya9LINNTD 2.3

3.wana:391sni (Results and Discussion)

3.1 Amdnummguiiiingaudesnislidmiunis
Wasuuuasaning ﬁu‘lﬂﬁ]umattm (exploited
heat, H_ )

aao a ¥

ﬂ’]WﬁﬂQ’WUVI’NVIi]T‘J{]VI’NmﬂUW 29n19lTd1TunIs

q
¥
v P

L‘LJaEJuLLiJmmmmqulﬂLUuLuaLLm Ngaunnil 1,400 °C wans

a

Y] PN
ANANTN 4

mi’Nﬁ 4 Thermodynamic calculation of exploited heat, Hex

Thermodynamic data Batch
A B C D
H (kwh/t) 157 117 140 137
Hex (kWh/t) 439 477 479 488

HeannuiudazansiidndiuvesingAuuanssiurinli
ATFUINLALANFANTU Fagn st luuiaaui AR UL ADg

Y
'

TAMENUMGAT LagANSUNIMgE Wesandaiw
Tpansnasilunisyiuisentesniignsdu

3.2 HANIVIAFBUAMIEINITNVBINIUABNFI VDL INGRU
ui
HANINAGBUAINAINITOVRINITNADNMVRITAGAULAT
Fauandlugud 1
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Mnnsnaaes easiafidanuini 4 gns
anunsaviaeudléA Hiannzgns B Adinavdeeynia
livasuuinaiuiudnides uwandvifiuingasi
freaanalalududimimguiasiaAinudenis
Tindanumningnsdu uslugnsliroaaalalud
Sufulefenmadalrsiufeuiesay 30 viliAn
U ldennindlefisuiugnsduiiinunaden
asuaiundadusitienacy (fluxing agent) Tuesd
Usznau [11]

3.3 29AUSENBUNMIALAIYRILAT

9AUTENBUNNLATIVD LA ILAAIAIAITIN 5

P I3 = v
19199 5 99AUIENIUNIANYDILLND

3.4 HAMINAFIUNTVENEAUTATUTBRINANTIULSY
gaumaidAy

a

Naﬂ’ﬁ‘ﬂ@a@‘Uﬂ'ﬁ‘UEJ’WEJ&IJ’JL%QLguLﬁ@ﬂﬁﬂﬂﬂ’ﬂﬂ%@ﬂ%ﬁ%ﬁgiﬂﬂﬂu

Y

1Y

A1V IAINLFIINNITIAANANUNTR LERITINITNN 6

)

a

M13°97 6 MIVBEFAITATULBRINANTIULAZ U

U

UL IO

N9 | Transformation | Dilatometric Thermal strain | softening
point, Tg (°C) softening expansion point point
point (°C) coefficient, (°C) (°C)

50-300 °C (°C™)

A 493.1 570.2 11.13x 10° 475.0 689.7
B 531.0 602.3 8.67x10° 511.9 730.7
C 496.0 564.0 10.84 x 10° 479.0 694.9
D 527.3 604.4 9.62x10° 509.5 719.8

avAUs:=nauNy o
1A A B c D
(Sozazlngtiakun)
SiO2 68.31 71.86 69.18 67.17
NaZO 13.39 15.12 12.68 16.52
KQO 5.59 0.20 5.58 0.35
Ca0 5.10 6.51 4.83 7.81
MgO 0.04 0.33 0.22 0.09
AIZO3 0.24 2.00 0.23 2.67
Ba0O 412 1.80 415 2.27
TiO2 0.07 0.07 0.05 0.07
FeZO3 0.04 0.07 0.04 0.04
Zn0 2.02 1.02 2.00 1.86
SDZO3 1.01 0.95 0.97 1.06
SO3 0.07 0.07 0.07 0.08

PINHANITIATIEWDIAUTENBUNIUATLUY
Semi-quantitative #1875 Wavelength-Dispersive
X-ray Fluorescence Wuiﬂqml,ﬁmzwmﬁﬂ%inm
Famiovay 67-72 weamilal (Na O, KO) ey
az 15-19 ueamlatlldin (CaO, MgO) Sowaz 5-9
wuissNeenlyn (BaO) Soway 2-4 Lay Feneonlun
(ZnO) 5vvay 1-2

o 1%

INNANUINAINTVYIYFH 2] LLﬁZQﬂJWﬂ“ﬁﬁqﬂméﬂaﬂLLﬂ']fIﬂ']’]ll

£

v o ¢ o A

RUSAUUSUNUTEN Tnawnd B AAn15veneiav sllasanniiusuie
Fanmgadaiieuiuuia A Nlinsvenedin geigaiilosainduiunm

Fanwuarweanilal (Na,O, KO) gs [12] WawSeuiigunanuwni
AULUY WUIm D Haudineanudeulndifesiunan

3.5 NANISNAFAUAYUANLALES AUAUILUY LaTFNUANIY
IGN

NANISNAZBUAYURNLNLES ANUAUILUY LA ANURANILEILENS
Tussnan 7

A1574f1 7 Refractive index, density and optical properties

of glasses
Glass | Refractive | Density (g/ L a* b*
index (nD) cm3) lightness green-red | blue-yellow
A 1.525 2.58 95.87 -0.94 1.03
B 1.523 2.52 95.17 -1.40 1.63
C 1.521 2.57 95.67 -0.86 1.04
D 1.523 2.57 95.43 -0.83 1.03

uiadegnri 4 gas Sedifnuuas wararnumunuiidlndiAss
funfsuwuy dagenduilsanlasiily fflenduidvinmuas 1.5 nD
WaANILIY 2.5 o/cm’ lsannnsly BaCO, uay ZnO ludu
Hawl [13] dunanismaaeuandinisganiuuasaummemaila UV-
VIS Spectroscopy Wuiuiai 4 gnsflemsindszuu CIE L*a*b* 1
wansIdidnazeuvnansndiAssiu oniuges B AfAdTergenin
gnsou lesanlugnslireanalnluifedosduszneuvoandnesnlus
Yovar 0.14 fw1519d 1 Fohliusng@ideafaingn
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3.6 miwﬂaaa‘naauLtﬁ'aiuszﬁuqmaﬂwniiu

Wongnaus D ihluneassmsvaeululssnuuiiduandugui 2 wagldvinisnageuaudfveauiifmise 8

UM 2 Mmeasavaauwia

197 8 antiRveuiagns D inaenlusziugnaivnssx

auom

Transformation point, Tg (°C)
Dilatometric softening point (°C)
Thermal expansion coefficient, 50-300 °C (°C™)
Strain point

Annealing point

Softening point

Refractive index (nD)

Density (g/cm3)

Transmission (%)

L* lightness

a* green-red

b* blue-yellow

516.7
590.7
10.13 x 10°
496.2
526.4
708.6
1.52
2.51
84.11
9%4.41
-2.05
0.61

msveasdlulsnuilfosinde Tssnuldidmasusiann
NSTUIUNITHANLAL LuasqmmﬁmwaauLLﬁa‘Lu‘Imww‘ﬁﬂdw
1,350°C HANSVINABIVABULINUIAINABUM AR LATE LT
(a* -2.05) inpsorniAnnAengluundIU LasilanuRunneig
Mnuislutesufinisidntos ilifesmnnsléithmaond
\Wunaliflugmsifnvedsanunndsey uaziilesanngamgl
nsvaouLAIlulssuAIN 1,350 °C

4. asU (Conclusion)

gsuiafiiaundudmivinvaouuiisialddeidos
Usznausme niesevay 53.45 leauevieuar 20.50 Hiuyuy
Jowar 11.00 lufsumanaunifosay 9.05 LulSumTuaLun
Souay 2.06 Fadvanlenievar 1.70 uaz wareenlyiiovay
0.90 annsavaensalafigamadl 1,400°C uazilandivauas
wazausaulnalAesiuansuiaiuuuy mahludssynaldly
nzUIUNIKARlusTAUgRamnsINT L dusealinsUTuussEns
wililianumngauivaniiznsvasuuivedusiaglsany
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NISWaUWaNNTUANKINENIINIA:WANNTUZAIRINWOAINOSAIIASI:H
noswisensaudweasudaidnlnsalnd
Identification of natural leather and artificial leather products
using FT-IR spectroscopy

slug nadsIed”

Tanittha Pullawan®’

UNARED
minumalulaniswaanafomiliiiafosnnmedweidunseiliauaiiuassuuuuilndiAestumisdn iwinntu
é’fﬁﬁ?umiﬂ']Lmmﬂﬁﬂmﬁwmmam‘uﬂﬁé’ﬂumﬁﬂqaﬁﬂizmeamﬁmﬁﬂmmmLﬁummLﬂ?iaﬁuiﬁl,l,d;:iuﬁmiﬁ MmAdeleviams
IpTziianieganniiassidiarrtiad Inensin, naaeumelaieulansenlyn é’qmmﬁuﬁ’;ﬁ’wﬂﬁawammﬁ LAYNNSAN®Y
TssalneldmatiamSosnudviesudunsisnanalnsaled (FTIR) namsnaaemuit msunmiisdniuilindundelusiuuay
wilsdn fuanunsoarangldundinlu NaOH lussiiviaflonliinnsidsuwlas uenaniiiuiovemdaiisnaunsannus
Toinénefumilsdniwidesznoulufesyuauuuusuniils egslsing msfinnanesuitldanmisuasniassdunngdia
Aflanuinaula 5 929 sefu fie TreANuETIAEY S 3300-3250 cm™ |, 2960-2920 cm, 1700-1600 cm, 1560-1540
cm™ uag 1240-1230 cm? %ﬂﬁﬂi’mLﬁEJ’J‘?JIENﬁUMijQﬁ%uﬁﬁﬂﬁﬁyﬁiw‘wual%ﬁﬁ wu ngieludannlusiuuumils sgnglsinumd
LﬁﬂmzﬁgﬂLl:uual:uﬂm%’uﬁLLmﬁi’mﬁumﬁfné’miLLﬁasiw%’mLﬁ]u PnMsAnwuansliiuInnsiageumemaia FTIR @ansaldle
Tnshefiensvintanshoshaiuhanududivieniniion Snaduiuiinmmeasuiivssvdanauaslivhasiuneaeusndae

Abstract

The development in the artificial leather technology results in products which have properties and features very
similar to natural leather. Therefore, scientific method can be used to identify between natural leather and synthetic
leather in order to raise consumer confidence. In this research, both cowhide and crocodile leather have been
characterized using Burn test, Sodium hydroxide test, surface analysis by Profile Projector and Optical microscope and
structure analysis by FT-IR spectroscopic technique. The results showed that natural leather samples released a smell
of burning protein from burn test and also part of them can be dissolved in NaOH whereas synthetic leather remains
undissolved. In addition, the surface of artificial leather could be finished to natural looking which consists of pores all
over the leather surface. However, FTIR analysis of natural leathers was based on five regions of interest, which were
3300-3250 cm™, 2960-2920 cm™, 1700-1600 cm™, 1560-1540 cm™ and 1240-1230 cm™. These regions related to the vital
functional groups on the leathers such as amide group from protein. However, synthetic leather’s spectrum pattern is
clearly different from natural leather. The study showed that the FTIR technique could be easily used to distinguish

between the nature-made and human-made leathers as it is rapid and non-destructive technique.

AdAey: wedles, vtlsdnd, SursusaaiUnlnsalny, Wleimaudnesudunsueauningalnd
Keywords: Polymer, Real leather, Genuine Leather, Infrared Spetroscopy, Fourior Transform Infrared Spectroscopy

'N5ANeIFNEnIUINIg
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1.unun (Introduction)

gaamnssuntdenazndndaeinds Tudunialy
gREmMNTIINIINERsTTAudFyuaraieneldlissma
vifsuiideiduniaasugha Tdun wilshuagniased G
N5mﬁmﬁﬁ‘ﬁlﬁﬂ‘\]’]ﬂ%ﬁdﬁm’juﬁlmﬁ’lﬁﬁ%aﬂ'?ﬁEjdLﬁE]LﬁEJUﬁJU
vy Wesnmlawiiivsinaditesnimiafionuazdu
wanSasifldnnTansssuAfidomiunsaisidudeu laid
auilunmsenudesiulufenssuislunisanusantls (Finishing)
?jaﬁmiﬁmiqLﬁauﬁmmﬂmémﬁm%wmaﬁﬂéwL%ﬁ]gﬂmi%l,mu

o

il 1y wedlilanaslsa (Polyvinylchloride, PVC) uwag we
fg3mu (Polyurethane, PU) 1dudu defvamiluiiey fia §51m1
9NN NULAALAYATILTUANNA T aUT AU130AIUAN
anmiuilrasihaveliflsossmivlumilounitaus uenan
mfafeussansadauasnuaiinssnslinnzaud
msiulalaensiiunatadlowes ludlssnaedinisiau
’?ﬂ@ﬁlﬁ&lﬂ’j’l wilseduasedt fadunsihwedwesunauiv
\iwils feghagu nedlifanaslsanausuimemilaud [1] Wi
iulidoYanduead Uanasiinsszuisonaiinou
il Sumumaeiinnssurunsrlenmilauas sy
wwnfediidumstsandunumsnanldnde Tuduvestu
fugnilunsfigadauuiviefiouvesidsiuannsadaung
lamenlan e asnaevamtauiavdanudusssumi Ll
a3 Ao lafisuuuuieruieiu waedBniawnl Ui
nnaeuTmAuasiaiiunedn (2] yonand wiiihesdunsle
fasauiiaviBonuaniassidasiaeuuusiundailiaumnas
Autinuazlsifisyuaunazidonagdiuvdaazudansefudou
ﬂﬁz@ﬂﬁ’mm wilulagtunmisiigaunsiusigailainienis
aunauliannsalddudulaograusiugn msznswauinada
askasntaieuftanuiminluun Fldinnsweusneih
wilafiounsondfeRsduassiunldunundsdniug vEoudus
m'ﬁﬁmiaLW’Tmﬂé’miﬁhwﬁmﬁﬁﬁmgﬂﬂdwmmmLﬁuﬁmiﬁﬁ
FIPMNINT WU MsleSaateuuwuTingiased wie
wiusnsthvifmganlfununiidnielndudfiangdudeiaa
Tumaudaa wazlaiinsldinadamdnenmansisidedn
Widwivsudnesudunsiin anlnsalntinaila Whdiensia
dou [3] Gﬁa%umuﬁnﬁzyﬁﬂﬂ%ﬁﬂﬁ@hiaaﬂ'jﬂLwaﬁfwﬁmeﬁ
Aensnavunanausvivemldnsuilutuneunnuss vie

finishing 11104

Wideinsudvesudunsnse awalnsalnl Wuwmeda
pilanldnadu lanafiwsiuduarlinaliinnnudenese
Funegaeu [4] legaunsadnsiginanisnaaaulaainiinveg

aLﬂﬂm%fméﬁnLfluéhLmusuaw;&'ﬂaﬁ%ﬂu%umaauﬁmm was
Tughureansuinermansuinisdsiienamienlunismaaey
fsnanFsansnsaidanaseaeutiteiiuauidesiuliuns
Uslaald

2.35n1829¢ (Experimental)

2.1 Taquazaunsal

2.1.1 nusdniun lown nilaasetindawasviein lae
N99a09ranle N 1unssUITNIsNENAIAT I U DN
WNesanT aynsusing

a o

2.1.2 viladley wedlillapaslsd uay wedgSinu 21N

Aseiviaienwndy (misieusnedweulrlaedinauane
n3sUN1SANATENEUIIAA)

2.1.3 ldeulansenlan 10% w/w
214 mwﬁwyum (Bunsen Burner)

2.1.5 asavdeuiiuRaseeses Profile Projector KIM-CU
Series KIM-3020CU; 300x200x200 mm Linear scale; 0.5 pm
VULNU XY.Z lag ﬂé’aaﬁ;ammﬁwmmq Bruker Hyperion

FT-IR Spectrometer & Microscope

2.1.6 959D UMYTATUVRITUNADUMIELATEY Bruker

FT-IR Spectrometer

2.2 35n15nAgau

2.2.1 MInaaaUlagnIsEN
ifegralsudnunvhnswiseasissyueulugon
atulagdunaaliuagndunlaainnisw [5]

2.2.2 Msnadaume asavansluineulansenlan

ifrogremdalimdndszain 0.2 nfuunguasly
a1sazanelatneulansenladnnuitudu 10%w/w Usuna
100 fadans LLazﬁyﬂﬁué’@mi’uLﬂunm 30 wndl 9Nty
Funpanudsunlaswemidaiegidluasavaty esen
nies55uT1RTH1unIsHenudfidulsznevvendule
AeAALIUTITIASIASIRILUY cross-linked waglsilu cross-
linked Wiloguvifssssuvdadlumsazaneladelensonled
JanunisaanedivesAunisluuisdlunsiziduleneaan
Wuduflilidu cross-linked avavangldluansazanslatfou
Tgnsonles Tuvmuziindufisudafidrudsznovvsndule
Fuasnedt wu luaou nedeames weanenau avliazaie
wazarlddaunmiunnudoundas [5]
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2.2.3 NMINTIVADUNURINIENADY Profile projector way
ndeIganssm

« Profile projector

Vsunadlalieglunnfananssiugasuuas dansoeng
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v 4
* NARIYANIIAY

ieg1919uULiuIiegs Tiingieg1segnas
Usnauiuasi denldmamens 10x wazdunanmeuaud
Tndn1 wiusuanutavesninlaenyuusuduliuninuuy
veTULazLUUanidenuldnndidaiau

2.2.4 ayRapunyileidurestiunaaausiein3ed Bruker
FT-IR Spectrometer

FT-IR Spectrometer 14 ATR mode TUsunsu OPUS lag
flanueadusEning 4000-600 cm' ‘171’;& background L&y
fregnsldaiuanu 30 3wl lneviininsiata Background
newnsTntunaaounnads (Insuanukiuuriuindlsd
$19E19)

3.wana:31sni (Results and Discussion)

3.1 nM1snagaulagnIsg

dlovniswasnisuiuazndafionnusn niauiin
aosdaliiinarlvuazlinauiindeodunulng wielsiu
sl Tunueiivdaiieulifinduadefulusiuln ureziindu
fagrenanainlnduiunud essnnilaiisudsznousie
wodwesduaszidefinduadenarainiily Tnewdlotwils
Wenvianedhlanaslsalumnazdunaiiuaidideives Cl
ponushe Fslsidaunmmulunsimidafieumedefivu

3.2 mMsnagdaunlgdsazanelufenlansanlen

wasnquiawntsiiedwaazaiaduaa 30 widl
Funmansavanenuin fhegrmilidaiuiidesudainnig
Wasuwadnedduiazareluasailsdaduduloneaanau
il cross-linked witdinswdeduiidu cross-linked
liianansaazanelfegidntios vaiziinmaasssogmiaiion
wuimafisuainwediuediaesudalliinnisiuasuulas
Tngldavansluansazanslaioulonsenles ewinmiadion
Usznausmeduleduansisununnndsliazaneluansazaty
loneulansonlon 10%w/w

3.3 NNSASIVFIUNURIVBINUIEATUA

NNNsENRaRLilsUa mTsTuravianumideuazy
wazdifidnunoginusiuntds uazniassidozilainanefiiu
wondnwal Taglamgniednuiiduuinumdazuszneuse
nszgnvesaszitdsliannsonalidusessdedowanld an
nNsdeeraEndas Profile Projector kay NA049aNIIANAINIT
funadiufiuinfidaeudetu figul 10al uay a2) asdiulddn
Fuveavilshuriidnvasdufedswsuogiiaurunis defe
symmueshiuies updiolindesdifiidmesgedufannse

q
<

diuduwngyuidaeu Weisuiunmiesadlugui 1 (b1
uaz b2) ddlivsinggnaundesuuvuiasunmisiusazusing
ananeuuivilsnunuil dafunsdesiiendosifimdmens
qﬁamu'ﬁmh8mﬁaaaau‘tuﬁawaﬁuﬁ’mawﬁfqwhﬁ?u SR
Usglovidauluvidsdnififiungyuvuniesidnuasiafidu
enanual widsldanunsanenylinveamiadnilaegsdnianly
Tupouden mnendafiosdilifsmautansofisianae
adnemedniuviadluléiguiu Tugud 2 (clusy c2) wansam
fufnvesifniendsasiuldindaiounedlaanaelsdis
nyuAdeTITY wasviafieuanwedyuiiuiafiliideu
Fednwardananliansouduenlduidnaingunmindu
winfleurdeviiud Wewinnszuiunisanussde finishing
aunsnaesiuids ULV T ALY
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{ SN o @ . o v . s & = o = < X . <
JUN 1 (al) Wuivewils T Profile Projector Madveny 5 1 (a2) U 2 (c1) Wufvesviswedlafianaslss riu Profile Projector 9

& o o o Y cdo w . & o ° ' & = w o A ' .
uivemlsTrundasganssaufiddwens 10 Wi (bl) Nuiives Mdsene 5 Wi (c2) iuivewimedy3inu i Profile Projector
11199581 4RU Profile Projector Masweng 5 11 (b2) HuRvevits MY 5 19

TN UNGRIANTIALUTIAAIVEE 10 9

3.4 mynseingiantuuurmiisdaematia FTIR

Nnvdnmsinyiladduusiazmyfinisdufinnudssiuiloluanalddunisnsedunazanusauaniosnunluglves FTIR
awnady Ssnmsieneiiemedaitodldnaviouisussrineianivnueiniutagidesnimsuria egslsioy fou
Fmsiesziilsedsamaiiaisniudemenintuuueeniiosmnmisldriunssiinsanuss vi3e finishing 1uds 39
ansndifldlunsmnussazsilianasuenaiianurainedeuld 9nanisvageu FTIR awnaduvewisuasviiiassiduans

FURUSAATANS 5 B29eeiU Aanandlumnsen 1

M15797 1 vawmyilentuvuanasuvewmilidninnagaudlemaiia FTIR

Chemical structure of peptide Wavenumber (cm-1) Functional group Associated bonding
assigned
Amide bond 3300-3250 Amide A NH
H H 2960-2920 Amide B CH,
I I 8]
Ri— C — —c—c™ 1650-1630 Amide | =0
| | “oH
NH; H R1 1560-1540 Amide Il C-N stretching, N-H bending
1240-1230 Amide Il C-N stretching, N-H bending
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fiaulaleua

(1) Funus 3300-3250 cm™ ; LaARIny
wlud 1o FefiAnnuindudieiiaziianis
Fuves N-H Faduiuszlelasioufindousdlu
lUshAunaaalau

(2) Funus 2960-2920 cm™ ; UaARINY
whud U Fufnannisduvemy CH, Tulase
@519P0Aa LU

(3) siutde 1700-1600 cm™ ; uanaviylialua
| gafinannnmisduveandansveliatulaseadne
gaanadiuulng

(4) Aunis 1560-1540 cm™ ; uanemy
wlud 1| F9fne1nnsduves CN stretching,
NH bending

(5) Funue 1240-1230 cm™ ; UaAAINY
wlud Il FauAneinnisduves CN stretching,
NH bending
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fav] -NCO- Tnglumannaaslsmumyilaidudlundedn i
THumsvnaeu luvaeiiviuiieewiadifiedsngiivszunm
600 cm” FslndiAssiunisduves C-Cl lulassadrsvoswod
hilanaslss Fuflefuaiianmddonounin Sawudmilsh
wagntlsdaivhluAusngfiafidumisUszana 700-600 cm’
wuiu LLazu']mnﬂﬁé"umawgﬁﬂﬁ%’u Aliphatic aldehyde
(-NH 911 aliphatic amide lulusiw) [3] uenanifluainasu
maq‘waéma%ﬁ%aawﬁmﬂsmgﬁﬂﬁLLamGﬁLmﬂwawg OH- B3
lildeglulassasimuniiveaediwesanan Je1andnla
11 vyl OH fusngiufaanmiudy (H,0) Togunusiunily

NGRNRIRN

= ' ¢ & v o o ay_a ¢
A13190 2 vivlsiduvuanafuve wmiaiisunwedlianaalsd
uazwadgTinuannwmaila FTIR

Chemical structure Wavenumber | Functional group
(cm-1) assigned
Il-i cl 3500-3400 OH stretching
ST 3000-2800 | CH stretching
H o H.,
) ) 1400-1250 CH aliphatic
Polyvinyl chloride
1100-1000 C-C aliphatic
650-600 C-Cl
o HH 0 H H 3500-3400 OH stretching
| 1 1 | I
g T e ] e () .
ITER B 2950-2850 CH stretching
Pt 2280-2270 NCO-
1730-1720 Urethane-C=0

4.asU (Conclusion)
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nisdrsoeAruanuu:innvenns:usunisdoutilnudosding :
nsriAnyn anauus:neunisiasinaskiivituantivwansinur (OTOP) Sundnasuns
Wastewater characterization from chemical dyeing process of silk: case study
household Thai silk production, One Tumbon One Product (OTOP), Surin Province

auswa eIl mninsd nese s, a¥n inysiney’, 991050d Avteua’, ¥uns Bannnidung’, ueeTy indley’,
26ud Ssiveuun’, Ayt deum?, 9din wid’, Fszdns ashau’, 35mS esetud’ uay wiinn unseudl’
Amornpon Changsuphan®’, Tepwitoon Thonegsri', Surat Petchkaseam', Waraporn Kitchainukul,
Chanin Lertkanavanichakul', Natawan Tipviseti, Wasan Tirapitayanonl, Kanya Muangkaew', Nimit Palee’,
Jirachatr Srisaen’, Veerapat Thonganan' and Pornvipa Nartmanee'

UNARgo
wanAnsiEnlnneitundnsusivilsiivssauanudidamelilasimaniliuanilwdndost (OTOP) Tagannsnainsentn
fisfunsuarsieldineiosditumpmuld uinssuiunsmdsinlmilnefduamenisdneliantidouihasdunmanluni
BounFelummuiion TnenszuiunisiinelfAmindefonssuiunsdoulm uasthidefifndugnudesasdunasthuazunds
AusssuvituuTnutesiuiug Inglildsunsiitaedugni® nsfnwiliinguszasdifionasouguinuuzveniindean
nszvIunstoulnudefieiifiodutoyalunisinmtideuaseenuuuszuutimindefimnsaudmiunaudounasausy
Tneifiushegananusznaunts OTOP Ussumive (Flwn) Tuiuiidmingiunsangusenounis 4 melu 4dune ns
usegnehidsasunnduneulunszuiumstiond Maildmediaindeiomn 8 feg fedhaidefiiuliihumadon
wiUsua anudud few (pH) Flef (chemical oxygen demand; COD) waudauviuase (suspended solids; SS) veaudadi
azanuihwiamun (total dissolved solids; TDS) wazlavemiin Naﬂ’liV]G]ﬁE]UWU’hiE’]L%EJR]’]ﬂ%UWE]uﬂ’liéjauvlmuﬁﬁw‘?j 1.7-8.8, 8o
7 1,847-3,439 fiadn5u/ans, vosudwriuasy 271-1,200 fadnsu/ans LLavﬂuaaLLﬂuawawmwmm 3,000-22,739 fladniu/ans
denBsuiisutuinaspuifivesssmdlnenuin Flef veuduuuses uarvesdsiiazaneiionun feluiiuinausinnn g
fvun dmsufitoridednafedifielisglunsinasgiu dwiulunsduinannududddian 196-10,950 wildule e
Wieuiumwuzdveslsenaansgonsn Ussmelneddilammunauinsgi) wuhdmanududiiuasugi TunsdlvesUsunn
Tavigwiin wamsnageusegmdenuihiiuinalavewintdesnn LLaxaEﬂumz:usﬁmiaam%’ummmmyuﬂgﬂﬁwamixmvﬂm

Abstract

Household Thai silk production under One Tumbon One Product (OTOP) project can contribute the sustainable
career and income to the local. However, household Thai silk production processes produce a number of wastewater.
The chemical dyeing process is the process which produces wastewater. This wastewater usually discharges to the
environment without any treatment. This study aims to characterize the quality of wastewater from chemical dyeing
process prior to design the simply wastewater treatment system for household. Surin province which located at the
northeast of Thailand was the sampling location. Totally 8 samples of wastewater from chemical dyeing process
were collected from 4 different districts.The key parameters to characterize the wastewater are color, pH, chemical
oxygen demand (COD), suspended solids (SS), total dissolved solids (TDS) and heavy metals. The results illustrate that
wastewater from chemical dyeing process had pH 1.7-8.8, COD 1,847-3,439 mg/L, SS 271-1,200 mg/L and TDS 3,000-
22,739mg/L which was over Thailand national standard for wastewater except for pH. There was only 1 sample that
over Thailand national standard for wastewater. The color was 196- 10,950 ADMI which over the USA guidelines (no
Thailand national standard).In the case of heavy metals, there were very low concentrations were detected and they

were in acceptable range when compared with Thailand national standard for wastewater.

Adndgy: Uy, Wi, luulne, ndadusiluasisou, nsdoud
Keywords: Wastewater, Effluent, Thai silk, Household products, Dyeing process
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1.unun (Introduction)
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2.58Ms39¢ (Experimental)
2.1 N1SNUAIDEY

2.1.1 g uiAuiegg

fegraiidennynduneuresnszuaunisdeudiduln
Igannsiufegenaaiudseneunis OTOP Uszunnin
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(Chromium; Cr) na3uns (Copper; Cu) wian1ila (Manganese;
Mn) datAa (Nickel; Ni) Ay (Lead; Pb) &sned (Zinc; Zn) Usen
(Mercury; Hg) @3y (Arsenic; As) hag wiatew (Selenium;
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glon Snivuvu (Concentrated sulfuric acid;
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2 4
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2.2 Fnadau
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ansgeniini [415] MeaztBunuansfansnedl 2 sntiuns
widSinannudud nageulaeviesujuRinisusem gludia
weuwdad ueud 1BudileTeneudaunun S1in mavaaey
YNAIBE1ULAEYNTIYNTYIINTNAFRUTIUIY 2 91 uagiios
UftRnmsaannden nafineimaniuinig [Wures jUa
MsfldFuMssusaIRIEIsaviosU fRnT 1en.17025

S . ax o o 1%
M1T19N 2 '351/]ﬂﬁaUuﬂLﬁﬂQqﬂﬂqiwaﬂlau‘LﬂﬁJ

$19N1SNAGOU 38nngau

Wioy - BIAATNSIUASNG (Electrometric) [4]

3 - AalaossIunsngofIdulo
(Colorimetric; ADMI) [4]

slon - swandnuuiln (Open reflux) [4]

VouIliuIvouasy - dUMgruKNd 103-105 auAIBaIGed
[4]

- guUigrunnd 180 ouAnIBaIBed [4]

vourfuhazanathnunun

lar:=nun

- luIsgu Tnuoast
[AsIdgu noviay
Ibmda TAINan=M
lla=dun:a

- Uson

- asKy lazislaitigy

- dunniwa Aadida wanau uaailn
[IZNVZS
(Inductively coupled plasma -
optical emission spectrometry; ICP
- OES) [4]

- Inosuaa Anoulwadu (Thermal
Decomposition) [5]

- nsTIWe a=moudAIUBaSUBUAUA
InsWIndinas (graphite atomic
absorption spectrophotometer;
GF-AAS) [4]

2.3 nsAnwinanyuzide

3. wana:d391sni (Results and Discussion)

nsAnmandnuuzdndsainnszuiunisdoudaediag
ansoildlasIsuiiisunanismaasudiegsindenin
nszvaunsdemdulvufuinasguiimesssmalng
desunlifiunsgruhiisdmivaniudsznaunis OTOP
Usznavfamsnlenden nmsfnwadsilfausuisuiusunnsgiu
5’15&%?%53mﬂﬂizmaqqmmwswaﬁ’uﬁ 2 (W.A. 2539) 9aNnAY
AMUlUNTE I UUYEIALTIU W.A. 2535 ﬁaqﬁmummé’ﬂwmmm
ihilsiszureeonannlssu (6] dmsummundud aumasgiuth

v
a

mmﬂ‘digmﬂﬂ'ﬁz‘madqmmuﬂiimzqﬁ,ﬁ'&Ndwﬁﬁaﬂmﬂuﬁﬁa
fufea Frhiielnsiiouiisuiaudnnuialiouiiouiu
Auuzihdmiuiiiaeinnsuseneuianisrlendeuvedssine
ansgonisn [7]

nsnwilidunisdnweudnvusdndodosdudiviy
nsvvumstoudlnuiioduteyaiiugiudmiunsianmaiude
wagnseonuUUsEUUTh Rt dsfimnyaudmiuanulssney
n13 OTOP Usziavehme (Enlnm) Jalisamfansuszifiunnndes
sogunmmesUszyTuiUsEneURINsRana T

L% o

3.1 auanwazddsInTunaunsWanuazasnn1lu

9

%”’umauﬂﬁﬂ/\laﬂLLasaaﬂmﬂumw‘hmudﬁuiﬂiu%umau
oty Tngiituneunisasnnmilvaduduneunisidnnnil
sssumAfianegfulvy asedilélutuneut fo lnsleden
Woams (trisodium phosphate; TSP) latfgnasusiun (sodium
carbonate; NaCO) wazay [8][9] ’Lusumaﬁmaﬂaﬂlmﬁi’mqﬂizmﬁ
wiolhdulrdeununniy WeswnlnusssunaasiiFindos

TR TIUIUAIDYN BAZITIUNITNAFDULEAIITIUALLDUARIAITIN 3

A15199 3 Y8R IIUIUAIBENY LAZTIUN1TNAFDU

] 1UIUAIBEN/S1MSNAEDU
USNBU | aswoniiazaenma | siems | misdiou $19NISNAEAU mMsan $19N1SNAGIU
Ui (f199€1) nAdou | (Foeg) (f199€1)
1 1 Wioy & 1 Wioy & 8lof voulvaivouaas voditi 1 Wioy & 8lof vouliivouaog
Bloi Aazangtinnuruana:Tanznun vouifuRa:anatinnurun
2 1 Wioy & 1 Wioy 3 glon voulvuivauaas voulvg 1 wWiow  gloi vouniuivouasy
Blodi Razangtinurkuana:Tanzrun vodifuRa:anatinnurun
3 - - 1 Wioy & 8l vaulvaivouang Vol - -
Ra:angtinnonun
4 - - 1 Wioy 3 gloR vourvuivauaas voulvd - -
Aazangthnurun

e - vaneia Wdldiudiogns
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gou [9] aswiiildnenlu fe lalasiaues
ponlen (hydrogen peroxide, HO)

NANISNAABUFIDE 19U NLALIINTUADU
ANSHBNWALARNNIINY LARISI18ALLD YRR
AN5197 4

A15199 4 Nan1sNAdaUAQaENelEERINTY
faunIsWanuazasnnII iy

vasgiu/ | WUs:neums

$18N1SNAIU .
AMUEUN 1 2
Wioy 5.5-9.0 [6] 9.8 94
& (1of1duTo) <150 [7] | 1,195 | 712
Blof (JaansSu/ams) | <120 [6] 171 150

MnHaNSAdeUf gL EEINTuRoY
nsenLazannnIluuNUIEAUINELAY
A UINUBIUTEINAANITINENT (< 150 L1of
Bule) sutailievuardlofiieniuunsgu
thilwesUsemelng TnoAfites vestndean
Fumeunsrlenuazasnnitluy fereglurag
9.4-9.8 Fetanmzfusing saiosanansiadl
dlunsaennialuy fe lasluiouvean
Tofsuaniveiun uazay Saniwdusa dady
ddeannszuiuniswenuazasnniilauidl
amwidusng yenanimusssunitudseneu
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Junavilvifien@lefige (150-171 fiadnsu/ans)
A nsuAnuud 712-1,195 ofidule %éqth,ﬁu
AlLzveIsEmFavSgensm saiiesain
Fupeunsrendluandwdedhiudunge
lalasiauleseanlen dawalvdainlwievy
adluthidsanndumeunsrlenuazasnnial
dmsuveudrivassuazveudfiazatoii
v laldvinnismeaeudmdudunounis
Wenuavasnn s zUSinasegandy
fisnaldieme venaniluiutnmnesite
iudegaliissusenaunts OTOP 2 518
whdudifinswenuarasnniluu3saninsaufiy
Fregreindaindunounisrenuazasnni

Tnuloiies 2 dregrednsulunsaivadansnin@alylavinnisneasuidunu
& XA 1 ™ | o o o &
Patlilasntunaunisnentarasnnii iy liiuvraavedaneutndelusdu
ABWINNISNAADU

3.2 auanwarideandunaunsdauduastunaunisans

A151991 5 NaN1SNAFRUAE19TINEEAINTUABUNSEaNTLAZIUABUNITAS

wus:naums
LRSI/ N .
$19N1SNndou , o n1sgay n1say
ANU=UN
1 2 3 4 1 2
Wioy 55-9.0([6] | 7.8 8.5 8.8 1.7 74 |74
& (1of1ulo) <150 [7] | 9,240 | 9,550 | 10,950 | 196 | 27 | 17
dloi (Daanu/ans) | <1201(6] | 1,874 | 2,643 | 1,878 | 3439 | 33 | 17
VouItuIvouaos <501(6] | 1,050 | 1,024 | 1,200 | 271 2 | 4
(Jaansu/ans)
voulfona:aneth | <3,000[6] | 6,738 | 22,739 | 5,340 | 3,000 | 28 | 53
AUKUA (Jaan3u/ans)

= o o ' u o 1) v o4 ,a a ¥ A
A15199 6 Usunaulanzuinludiegnetdeainvunaudaud (Uaansu/ansg)

wansnAdau
$18N1SNAEDU LRSI [6]
wusznaun1s 1 wus:znaums 2
uISeL 0.067 0.323 1.0
lnuoar Tuwu Tuwu -
Tnsidew 0.004 Tuwu -
noviiAY 0.063 Twu 2.0
nIma 0.127 0.447 5.0
dAina Tuwu Tuwu 1.0
n:=ND Tuwu Tuwu 0.2
dun:=d 0.523 0.099 5.0
Uson 0.001 Tuwu 0.005
ashy Tuwu Tuwu 0.25
eI 0.016 0.014 0.02
VUGN

1. Method Detection Limit wutSauwindu 0.009 adnsu/ans, lausanwiniu 0.002
fadnsu/ans, lasillvuvingu 0.004 Tadnsu/ans, Neuaavindu 0.021 Tednsu/ans,
W layinfu 0.003 Sadndu/ans, Saawiiu 0.019 fadnsw/ans, avt Wity
0.035 fadnsu/dns, dangdwindu 0.052 Taansu/ans, Useniniu 0.001 fadnsu/
a3, ansvyiindu 0.003 adiniu/dns waslialdenwiriu 0.003 Sadniu/ans

2. - vnedia liflamsguiiviun

Jumaunsdaud Ae nrsudulnunlaanduneunisnentazasnn1Ibny
yndaudlaedanlutiSeuvnrduion aNleinedsssusd wardiainanlanan
1A LANSANYIHATANwIanIzNsdaudadl Wpsanndiniiinansenuse
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Awndougauazandsegludanadouliuiy Andilldludy
paunsdeulduluuinnunevaisyiin WU duwedn (acid dye)
duudn (basic dye) uazdlasnd (direct dye) Wudu [12] lng
Anfidlngfidiulsenouves ladenluaisusiun (sodium
bicarbonate; NaCO3) Taheuludamn (sodium bisulfate;
NaHSO) loidgnazdan (sodium acetate; NaC H.O) QL%&J
(urea) NIA WU NIATASA (citric acid; CHO) LazNInNDLY
fin (acetic acid; CH COOH) Wudu [13] ndsannisioudu
TnuiildFosrutuneunisdrslnetndreieiazen 3-4
adq wﬂ’h%‘ﬁE’IamhiﬁmLﬁuimngﬂﬁwaaﬂmm [9] Tnemans
nadeunuamindsIIndunsunsdonduartuneunisdng
WAAIRINITT 5 wazaNSTi 6

32.1 Auuinwasihidsrnduneunisdond

Pnnansadeuidelunseit 5 nuiiiferveni
dorndunsunsteudlueglunnsnmsgiutmun snuy
fog1anEUsEnauNs 4 diewmindu 1.7 Fadrudunse
gauazlsbhunasinuinasgufmun (5.5-9.0) ey UALATT
Tdoulmazidudiuandsfidmysznouesansindiiiinuad
Dushe sedudwiliindennsunaunsdendiianmbusis
[14] wsidwTudegnaangusenauns 4 Fahdeanduneu
mséeufinudunsngs Witenaiiesandniflddudueda

=2

Faflnuantfdunsa wenaniiegdananddinisduly

ganaudaadiUlundon nefuseneunsmetitehagyilvden

v

adRTu M3ldyandudaeratinavinlvihfsantuneunisdoud
R dunsaldmszlugadudatinaeanimidunse [15][16]

o 2D B e

U Y A

dmsuemnudididloisuiuduugiivessemaanizenin
(< 150 woiulle) nuidiegaAuduuzdnifou 100 wh il
\Rnndfivaeainmsden uslusiegsanguszneuns 4
muituvesdmian (196 lefdule) Weisuifisuiusetng
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OTOP winrmetiuaslidnduvesdiniilivintu Fusgiua
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1nnd 10 win Tasdidaegaanguszneunis 4 fledlefias
flan (3,439 fadndw/ans) Usinadledtmgudesnludiea
fansedifiduiiansduniduazeliunid Fafuansduriduas
ofuv3sfimdonnnsborlmuarasasogluidsninnisden

Ty Tuegnanduszneunis 4 dnmsiiwlugmaudaadly

Senavililutideanduneudondlnudansdunidunile
Wisuifisuiuiesnidu Tleddsdimgsian WeRiansanuium
youdauuaosuazvouisfiazanetinimun wuiidegai
Aoandunounistoumniednelsfunusiinnsgiusiu
Tneiiunaeinnsgu 10 wh dmiuuinnaweswiuviuasy
wae 2-7 wh dnsuveandsfiavarethiamue sadeniSushedng
NgUsENIUNTS 4 FalUsunamesudwriuasy 271 fiadnsw/
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dwiudieganngusenaunis 4 Fafilenanuditisiuinena
finsiudludndniitesninfegduliavewduriuass

< A T = s Y oA
LS UVBILLUINAC AN UTIIATINITNIDYNWNBU

Vsunalaveudnlusnegsideanduneuniséoud
(5797 6) ¥msvegeuliies 2 daeehs iesenUsinah
Foangusznounsnedl 3 uaz 4 Susailifiemedmsy
nsnedeuUsinadansudn nansnagoulislUisuiiiouiu
mmg’mmmﬂszmﬂﬂizmmqmammimﬁuﬁ 2 (W.A. 2539)
sonmuatlunsysuduailsenu we. 2535 Seafiviun
ﬂmé’ﬂwmwaaﬁwﬁqﬁiwwaaﬂmﬂhmu wuinUSunadlane
wiinlushethshidsanduneunistouaiinnududuredlany
wintesunn wazliauisansranulaveninuiseiinle nande
Taueadt datia Axm uazasy

3.2.2 AudNYLULEEINTUABUNTAN

frogratdenntuneunisdns (msed 5) fiaus 2
f?ha&J'NLﬁmmﬂifulﬁuﬁaaﬁmﬁﬁﬂisﬂaumﬁLﬁm 2 it
fdumaunsing seiudafusediandenniuneunisdndls
ies 2 fhoghavintu MnuanIIAde UM TIBNTNAGEY
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dlefinnsandsunaddeanduneunisdradmuinly
wiazanuUsEneUns OTOP dtnidsaniuneunisarannni
100 Anssensdenadulv 1 Su dafumnideandunou
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4.asU (Conclusion)

dndenniegsnnduneunsrenuazaanniilu
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Quantitative analysis of melamine in food contact materials
by using high-performance liquid chromatography
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Commission Regulation (EU) No 1282/2011 inusunadansiuaniiumse specific migration limit (SML) A 2.5 fiadn3usia
Alandu fufunuideddnuitnaseuasumiviideuthenntandudaewns neldamsavaeiunuewnady nsnozdin
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gaumndl 70 esmwaidoa iunan 2 99l uazannismuasuealdlivedis wuindammuduiudidadilussiuaadidy 2
fia 80 Hadnsusieflansu Yadninn1snsIany (limit of detection, LOD) wiriu 0.60 dadnuseflansy Iadrfinnisiau3anu
(limit of quantitation, LOQ) wiffu 2.00 fiadn3useAlansy InsAAuusiL (accuracy)uanssnedesas nsAunduiasaandiey
(precision) uanwBSosaz eI IdBIULINATEY (relative standard deviation %RSD) Tasisenaruilintiuey Wyl
nauginseansuveIsnaaeudmsuTanduiaeivis EUR 24105 EN: 2009 uafmﬂﬁiﬁ@juﬁaaEhmwsnuzussi;a’]miﬂizLﬂm’m
wanfiumusiemanaluaaiiufingamamuasiavhnsmageunyhasuafuieegsswin o 8 15 3 Sadnsusdenlansu

Abstract

Melamine food contact materials are produced from melamine resin or melamine-formaldehyde occurring from
the polymerization reaction of melamine and formaldehyde. The residuals of melamine from FCMs can contaminate
foods. European Union has issued Commission Regulation (EU) No 1282/2011 about specific migration limit (SML) of
melamine (2.5 mg/kg). Therefore, this research studied the migration test method of melamine from food contact
materials using 3% acetic acid and high performance - liquid chromatography (HPLC). The suitable extraction method
was the use of 70 °C for 2 hours. This migration method was verified and found 2-80 mg/kg linearity range, 0.60 mg/
kg limit of detection (LOD) and 2.00 mg/kg limit of quantitation (LOQ). Accuracy expressed as %recovery and precision
expressed as %relative standard deviation (RSD) as well as uncertainty value conformed to the acceptable criteria
of test method for food contact materials: EUR 24105 EN: 2009. Moreover, the melamine wares were collected from
local markets in Bangkok, Thailand; the amounts of melamine in samples were tested and ranged from not detected
to 15.3 mg/ks.

AdAey: warily, lasinlnnsiivesvaiiuuanssaurgs, Janduiaens

Keywords: Melamine, High-performance liquid chromatography, Food contact materials
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1.unun (Introduction)

Wwandy (melamine) Wuansdunsediail CAS No. 108-78-
1 f%¥em1wailin 1,3,5-Triazine-2,4,6-triamine laguandiudu
Inswoesveslwerunlun (cyanamide) [1] msuuaniiuunly
saufunesunadlaniiondnuariustudsdunarainving
nuMULNIIanTaslglunisudnasensa wavwartudadu
drulsznaunanuesansdGes 150 (Pigment Yellow 150) 9
THvindinfiuninaznaradin falaeviluwariuduaisusznau
M oA a A a B | ~ aa A U U v
ladfifiwdlonuludSunuley uiuafiuvzinivguilodudiu
a . . a & a =
nsaleenysn (cyanuric acid) winduwafivleeysn dadu
nanfildazaten Aeundniany tazgaduvieluls dwaliin
Dlulevilvldanunsandndaannsle neliiauziSainssinng
Jaaz ianeszuuduiug wezvililenedeundudunald
WNans@eTinle [2-6]

psAnseuntislanianiviunel Tolerable Daily Intake
(TDI) wi3eAuidougeaniisnsnioldsusioulnglsiviliie
Sunsedequamyssaiuil 0.20 findnsu/dmidng 1
Alan3u/u (WHO, 2009) Tuvmueissimeaanizaudniimue
#1 TDI i 0.63 fadn3u/miingh 1 Alandu/fu uazanam
glsUfisnundn TDI # 0.50 fadnsu/dimiinga 1 Alandw/
fu venandanamelsUldudlungssdeudeitunmsldans
wanilulvigenadesiudn TDI dana1n Inganamelsulasen
nnseiley Commission Regulation (EU) No 1282/2011 a9
Fuiil 28 woednieu 2554 wAly Commission Regulation (EU)
No. 10/2011 3esngszideuindhe Tannanainuayussasiosi
Aduiaovns Ivhensantedrianisldastagduiaeims
RUYLAY 239 %a 2,4,6-triamino-1,3,5-triazine (waniiu) Inean
71 specific migration limit (SML) w‘%aﬁwqaqmﬁaqwmﬁmmi
dudauaniiule 91n 30 TadnFusedlansu 1lu 2.5 Tadnsuse
Alan3u (2.5 mg/ke food) Tneiinatsfulddaussui 30 S
2554 9 nn1seanngsudousenanuandlitiuianuddgy
Y9ITUNTIHINA TR ULATANANTENUABE AN AW UY
vssgensvdawaniiuiizfesndndudlildnungszideu
il dmsudssmelnedilifnsimuanasgunisuuidouans
wanihluandudaewns Tnefinsdmuniiunstudeu
Yo sandiukararstunguwaniiu (nsndueysn) Tuemns
vaaUsEwelng MUUTENIANTENTIEITITUAT (atfuil 344)
w.A. 2555 304 fmunovsiiviusdn 1hidh viedie Tag
AvuslvudiauUasdmsumsn uudaulasgasderilesdmiu
MInuazIAnLAN 01vNIvNIN B sgasrieisdmiumInuas

I3 [ a o [ I3 3 1a a a o
WNLaN Lagenmsiasudmsumsnuagiinian liiu 1 Sadndu/
Alansu wazonsdue ldiiu 2.5 fadnsu/Alansu

nsnTIRmUsuIaaIsaiudvataweila WU atla
Enzyme-linked immunosorbent assay (ELISA) [1], [7]
watadaialasuinnswdl (HPLC) [3], [8], [1] wadauid
Tasunns il dusuaaunlasiuns (gas chromatography-
mass spectrometry, GC-MS) [3], [1] tazwplindainlasuily
nsmAaualfuluaaUn-lnsiums (liquid chromatography
coupled with mass spectrometry, LC-MS/MS) [3], [1], [9] 19
windla HPLC 1uAsAfeuldfulneily Fsussmadanguldsng
WINIPINNINAGRUUTIMATIUAD DD CEN/TS 13130-27:
2005 52UABNSRENFREMN EN 13130-1 Alviuuamislu
msdenanmgiimngaudmiunimmaaeu nglildszyany
WrasdmsumanageuTanduiaewnsussamaaniiu fedu
mATeiFadunsinuanefimanaudmunsmuiun
aswandiulutanduiaosussinnuaiiiu

dmsulutszmalnoduiinmsldmougmaniiududuo
10 floussgesvaInvaneUstam o1fiy Meldes 91
WNIFNe) é’nﬁ?u?jdﬁmmﬁﬁﬁyLﬂuaejwéﬁﬁﬁmgLLaLLasﬁumad
amnudasadevesiiuilae uaziloidumafiudnenimuesnsy
WenmansuinstunmatuiesdfiRn1sdndwesrudvageu
Auianduiaemsvesedou audanseentuiusesdu
dmsufuszneunsiitenisdieen Tassnsinermansdaniw

ASUINYIFERTUSNNT F9ANWIITNITUSINUENSIaNTI
ludandudaemsinemailnlamesweosuuudanialasuiin
A5

2.55n15998 (Experimental)

2.1 ie3psilanazaunsal

211 wpdedsliih (electronic analytical balance) %4
IsfaziBum 0.00001 n¥u e Mettler fu XP 205
DR

|38 HPLC B%e Waters Ju Alliance e2695 uag
Aedutl HPLC wdamannanliaduvuin 4.6 x 250
fladuins UssYY Spherisorb NH w1y 5
lalastung

#oU (oven) 8o BINDER Ju FED115
Lﬂ%‘law‘mfm%qw%‘ (deionizer)
YngUNInINIINTBINTOUUNULLLUTU (Mmembrane
filter) ¥llnluaou vun 47 fadwes 0.20 lulasiuns
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214
215
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An594 (syringe filter) ¥ila MCM %39 cellulose
acetate YU 13 fadiuns 0.20 WWlATIUAT 930617
nyesiindue AiflnmauiRiviloutu

naonan (syringe) YUn 5 Jadans
PIUANILIALEN (vial) vue 2 Tadans
wSeaunge Wy Tuad viawiuiins wan
WAIUTUINTNTINTIE MaeawMITanTUa (headspace
tube) TniNes LALNTEUONANUUINAIY

2.1.10 grethdandladia (Ultrasonic water-bath)

2.1.11 srgiliilouvlosq

2.1.7
2.18
2.19

2.2 @5l

221 avdlaslulasd %”'u@mmw%lm’wﬁ HPLC

2.2.2 lelglnswiuea

223 ﬁwﬁﬁmmﬁqw%{qn Jaranuaunulniilides
71 18.2 MQscm
loneulalolasiauneaalululawmsn
ldeslansanlon

asmsguaniiu anuuiavdeiniosiesar
99.0

nsanaLieansdinaudududesay 100 Gu
AMANILATIZN

224
2.2.5
226

227

1Y Y l

2.3 1ONIDYIY

9

ad

sagraninunldlunisnsivasuanuldlave s 1y

a

ﬂ"l“lj‘uzUiif\!E]'M’ﬁUiSLﬂVILiJa'WfI‘u AUTIENENSILaNEUY

2.4 NISLASEUAIDENS

F19819AUNINITNAFBUILA DIA19YIIAINUALDIAATL
Bnslifisey udrinsafawaniuainaivugfegisie
A138LANYAINUDIMNS LaelRuNInaLTRnAIULNTUSDYAY 3
(ainsioysunms) @e 2.2.7) adunuzdudaonmseinitvey
AU 0,50 leuiuns udUndeorgiiflouwesd vulgamgd
70 sarnwaidea Wuan 2 $alus Tesainsiuay 3 ad wazns
afmnSait 3 Iadansavanedunuens sy 1 dadans
NTBINIUMNTDT YUA 0.2 lulasiums (T8 2.1.6) asluzinun’
uadndmsudnLASes HPLC

2.5 NIATHNAIPENTNANETAZANENINTFIY (spiked

sample)

FIDE1NYULUTITO WIS RNANTATALUINTT LAY
Andoluansazanensnerdfinanududusesas 3 (hwinee
U31103) (@ 2.2.7) fimudiudu 0.10 fadnSusefiadansasly
19819 INgATLIUANULNTUNUUSINA ST IENTAT ANURILNY
9sTIRY wahmageunude 2.4

2.6 M5aTIaUSulaemalialawesasiuudanin
Tasulnnsan

AN UTUVBIANS AT UAIWIMNAINNNSIABUAUN SN
1195571 LAgas19nI1NLINTIINIINANTALAIEUINTTIY
waniluluansavanefunuemnsiinnududusenng 0 8 80
Lalpsndusiefiadansiinsewusansesun 0.2 lulasuns ag
Turauivunadn aadaedes HPLC muanizin3es HPLC
ﬁLMNW%ﬁMIUﬂWSWWﬂBUWm DD CEN/TS 13130-27:2005
Materials and articles in contact with foodstuffs: Plastics
substances subject to limitation, Part 27: Determination of

2,4,6-triamino-1,3,5-triazine in food simulants #ail

ADRUL: yilamannanldaiinouin 250 x 4.6
Taflnsuwavnisanaduil ussgaae
Spherisorb NH_wuineynia 5 lulasiuns
?jﬁa Waters

gaungimeaull: 40 asrwaLgya

Tpmeaedeud: oxdlaslulasd : asazarewoamlndwivles
AMULTY 5.0 Hadluans Wy 6.5 (75 : 25)

ons1nstua: 1.0 Sadansneunil

Uuesfizn: 20 lulasdns

\A30IRT9 TR Lﬂ%‘aqmaﬁmﬁﬂgi (UV detector);

AMUYNIAAY 230 UIULLAT

2.7 msniugdauaNnullavesis

ada °

AWnAnwaniunIsnIugeuauldlaveaiSanu
Wuwe EUR 24105 EN: 2009 Ine@nwniededifendos dall
ANILJuEURSe TadiansnsIanuwardndiansiauSune
ALLtuazATiss wazUssiiuanuliudueuvesnisin
Tnefiswazdoanuiiszylute 3.2

3.wana:391sni (Results and Discussion)

3.1 MSANYIAMNLANIEENYRITNISIT a1 Taf
HoegsiinsnanAsIRBIRUNTUEUTIR IS SEIAN YA
warflufinsianunmsiadeuinevesansuaiiiulas nagause
A158¥aNUMLNUDINITAD @15aLA18NTABLTRNAINTNTU
Zaway 3 (UmindeUsinas)desananswaniiuiinisindeuine
oomINgasazaneiunue g (food simulant) sdiatildunn
flgavidei3onin worst case TngldflnuAdednuidIoudioy
$RATDIETATAILFILNUDIMSTUNISAA DU 1B UDIEITIIAT
flu 1wy lemueadesar 15 Lovinusadevay 50 1sulznen

P
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nisAnuAoIUIVUVUVaNIwInaiBauo:BinmsalAsvaswaunteo
A study of potassium acetate concentration on clay structure

fuedld Snlveasagdn, nsosnganl Aunaiwun’, ann Wusgyusun’

S. Rugthaicharoencheep", K. Sirinukunwattana’, L. Punsukumtana'

UNARED
msfnuniiiingUssasdiiofnuaruduiuresasaraginmadouesmalumsveetuiumionelodulasnszuiuns
unsnauR (intercalation) waznslmuferlagldnunadenes@mn anududu (3 4 5 6 7 waz 8 Twa$) msudiuluasazane
FelnAnreundndvasiumilsanaresiing :inmslnziiendetondsdanunsniaiwmes (X-ray diffractometer: XRD)
wuindleldlnunadenesdimannududunntuilidndunisfanmsunsnduiuiiutuie sgrslsimunisinuilidonld
Tnuvadeuesdimaenutudy 5 Tudfiesnviduindon mainneumdndvesdumieuazesding egnauysaiigumad
wadldinan 3 fu laeouwdndiuazaeefuazgnuonduilelauminiou nalinmeinnndoanssmisidnnsounuudos
1279 (Scanning electron microscopy: SEM) ag XRD wuinlnuvafenezdimainanslassainsvosnumiy) iwlodumens

YMATURUULEILENAIDBNINNIY

Abstract

This research study aims to study the potassium acetate concentrations on the increase of kaolin interlayers
through intercalation and heat treatment processes. The effect of six different concentrations of potassium acetate :
KAc (3, 4, 5, 6, 7, and 8 M) were used. The soaking process was applied on clay to form clay-acetate complex. X-ray
diffraction (XRD) results indicated that the higher KAc concentration caused the higher intercalation ratio. However, a
concentration of 5 M KAc was chosen to gain an optimum intercalation ratio if green chemistry was taken into account.
The clay-intercalating complex was carried out completely at room temperature for 3 days. The complex was heat
treated to delaminate the expanded layer. SEM and XRD confirmed that KAc especially influence on kaolin structure

by expanding the kaolin layer.

ANEIATY | N1IUNINTUAL, INUVARLOBING, N1SVEUTURY
Keywords : Intercalation, Potassium acetate, Kaolin expansion
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1.Introduction

Kaolin is a crucial raw material for ceramic, paint, plastics,
paper, rubber, ink, cements, pesticides, pharmaceuticals
and cosmetics industries [1-2]. Its properties are hydrophylic,
fine in particle size, platy in shape, low in surface area, and
chemically inert [1]. Microstructure of kaolin (Alp[SioO5]
(OH)g) consists of a silicon tetrahedral sheets and aluminum
octahedral sheets in a 1:1 stoichiometric ratio. Each layer
adheres together by van der Waals forces and hydrogen

bonds from ALOH prohibiting the reaction on AlOH group [2].

Recently, kaolin can be modified for the unique
application by intercalation and heat treatment process [2].
One of the interesting applications of a kaolin intercalation
is the ion exchange capacity. The ion exchange capacity can
be used in embedding cations such as Ag into the kaolin
layers to increase the disinfection properties in ceramic
glaze. The intercalation is to insert organic compound into
the interlamella of stacking kaolin, causing the expanded
layer. Potassium acetate (KAc) is a chosen intercalating
compound because its strong dipole interactions with the
silicate layer induce the layer expansion [3]. Heat treatment
will be subsequently applied to eliminate the intercalating
compound. These processes activate aluminol group
(Al-OH) to be ion exchanger with organic compounds [2].
The previous investigation [4-11] almost focused on the
intercalation on high purity of kaolin. However, the natural
kaolin from the northern Thailand usually contains quartz
and muscovite [12]. A layer of muscovite (KAL(AlZSiSOm)(OH)Z)
possesses 2 tetrahedral sheets :1 octahedral sheet arranges
in a form of sandwich. K* is an interlayer balancing the strong
negative charge due to Si for Al tetrahedral substitution.
Therefore, muscovite is a chemical inertness[7]. This study
try to emphasize the effect of KAc concentration on natural-

muscovite containing kaolin.

2.Experimental

2.1 Materials and reagents

2.1.1 Lanna white® clay (LW) from Compound Clay
Co., Ltd.

2.1.2 Potassium acetate (CH3COO-K) 99% from Fluka
Analysis

2.2 Preparation of intercalation and modified clay

The modified clay was prepared by intercalation
method and heat treatment on a commercial kaolin LW
clay. The LW clay was chosen because of its highest cation
exchange capacity. The intercalation clay was prepared by
using 50 g of LW clay soaked in 3, 4, 5, 6, 7, and 8 M of
KAc solution of 100 ml for 3 days. All suspensions were
filtrated using vacuum filtration and dried at 100°C. The
modified clay was prepared by heating the intercalation
clay at 350°C for 1 hr.

2.3 Characterizations

A wavelength dispersive X-ray fluorescence (WDXRF;
Bruker, S8 Tiger) was performed on as received LW clay.
The crystalline structure of intercalated clay was investigated
using a Bruker X-ray diffraction (XRD, D8 advance). XRD
equipped with Nifiltered Cu K radiation, A=0.1541 nm, using
a voltage of 40 kV and a generator current of 40 mA. The
scan was recorded cover a range of 5-80° with a step size of
0.02° and a step time of 6 s/step. The degree of intercalation

was calculated according to the following equation (Eq.1) [4]

I Intercalation
Intercalation ratio ]. £ .l (Eqp1)
Intercalation Kaolin
where | is the basal d  peak intensity of the
Kaolin 001

unexpanded kaolin and | is the peak intensity of

Intercalation

the expanded kaolin.

Particle morphology of as-received clay, intercalated
clay, and modified clay were studied by scanning electron
microscope (SEM, Philips, XL30). SEM was operated at 13
kV on back-scattered mode. The modified clay samples
were placed on a sample stub lined with a carbon tape.
The samples were gold-sputtered coated for good electron

conduction before putting in the microscope.
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3.Results and Discussion

The chemical composition of as-received LW clay is shown
in Table 1. The major composition consists of SiO2 and Alzoa.
The XRD pattern (Fig.2) shows that LW clay composed of
kaolinite (A|28i205)r muscovite (KAI(AIQSiSOw)(OH)Z), albite

(NaAISiaog), mica(K-Mg-Fe-Al-Si-O-HZO) and quartz (SiOZ).

Table 1 Chemical composition of LW clay

XRF (% wt) S0, A0, TiO, FeO NaO KO GCa0 MgO
LW Clay 50.94 3419 0.05 071 094 428 0.09 028
1 4 ¥ Kaolinite
€ Muscovite
A Abite
'S B Mica
¥ A @ Quartz
¥ =
|
L 4 A‘\ L 4
[ ]
{
i/ (& Wl oA e

0 10 20 30 40 50 60 7o a0

Fig. 1 XRD pattern of LW clay

Figure 2 shows the XRD pattern of LW clay (Fig 2a) and
6 different KAc concentrations (fig 2b — 2g). Notice that in
Fig 2a there is no peak at d-spacing = 1.4 nm (20 = 6.2).
Upon adding Kac, the extra peak at 20 = 6.2 gradually
appears. The higher KAc concentration, the higher the
peak at 6.2 degree. The XRD patterns of LW clay and
intercalated clays shows that the basal d-spacing d(om) of
kaolinite expands from 0.7 nm (28 = 13) to 1.4 nm (28 =
6.2) (increasing 0.7 nm) as shown in Table 2. This expansion
is related to the insertion of KAc in the interlayer of stacking
kaolin. Moreover, the higher KAc concentrations, the lower
intensity of (001) and (002) planes. This can be concluded
that KAc could disorder the crystalline structure of kaolin
of muscovite

2)
becomes broad peak when the concentration of KAc is

especially on 00l plane. The basal d(OO

higher. This indicated that KAc can disorder well-crystallized
muscovite. However, the expanded muscovite reflection
is found at the higher concentration of KAc (6-8M) only
(Table 2).

o expanded kaolin
S . . -

- .

Expanded muscovite ((K02)

o Kaolm (002Y

. L ] Eaoliz (0013 -

LVWEM

-.__.r‘I.L_\_'_ *.., (g - -'r.l‘“—.’/‘""—-

M (LT
e e

&

(ehILWSM

;
(
|

5

—ML_/\_«_‘___“::" o |
- — I g

(BILWWEM

& ] 10 12 14 16 1 24 5 26
2 Theta

Fig. 2 XRD patterns of (a) LW clay and intercalated with 6 different
KAc concentrations of (b)3M, (c)aM, (d)5M, (e)6M, ()7M, and (g)8M

Table 2 d-Values of normal and expanded (00l) planes
from kaolin and muscovite

100

g 8

[Intercalation ratio] (%)
Y
=
1

20 *

34 5 <] 7 8 )
[Potassium acetate] (M)

The intercalation ratio was calculated using
Eqg.1. The intercalation ratio increases with increasing
KAc concentration (Fig 3). The higher KAc concentration
caused easier intercalation for kaolinite. Noted that if the
KAc concentration was increased from 4 M to 5 M, the
intercalation ratio was increased by almost 70%. However,
if the KAc concentration was increased from 5 M to 6 M,
the intercalation ratio was increased only by 22%. Although
the higher intercalation ratio was desirable, green chemistry

must be taken into consideration. The 50-60% ratio was
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satisfied for cation exchange purpose. Therefore, the 5M

KAc concentration was chosen in this study.

100
*®
56| %
S
) X
B 60+ =
=
L=
=
8
8 40+
E
- x
20 - x
LY LLE LR L) L i ELALE LR | LAY LALLLLLLL] TrT
3 4 5 3] T 8

[Potassium acetate] (M)

Fig. 3 The intercalation ratio curve of clay-KAc complexes

A (001) (i) Heated LWEM

—/ S S

|'I () Heated LWTM

—

(@) Heated WM
.q._/\-._.__ujl Ik_.. .
I1

- FL.%__,,A._A____L

() Healed LWSM

Intensity

() Hioatdd LW4M

) L__,MAM-_;%_

| (b} Heated LWIM
\_j \‘-// (&) Heated LW

“u_
2 Tnm
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Fig. 4 XRD patterns of (a) heat treatment LW at 350 °C (b) LW3M,
(c) LWAM, (d) LW5M, (e) LW6EM, (f) LW7M, and (g) LW8M

Fig. 4 shows the XRD patterns of LW clay and KAc-
intercalated clay after heat treatment at 350 °C for 1 hr.
The intensity of kaolin-expanded peak ( (20 = 6.2) and
expanded muscovite peak (20 = 7.5) disappear. (Flg 4b - 4g)
because heat treatment accelerated the split of extended

kaolin and muscovite layer [1-2,5-6]. The disappearing of

kaolin peaks confirms that the kaolin structure is destroyed
due to delamination of kaolin layers. Notice that the XRD
pattern of heated LW (Fig 4a) is unchanged compared to
the pattern before heating (Fig 2a). The structure of kaolin
and muscovite in LW clay remains stable after heating

because there is no interference from KAc.

The morphology of a modified kaolin particles was
investigated by scanning electron microscope (SEM). A large
number of KAc intercalating molecules rapidly penetrate
inter lamella resulting in open structure of kaolin layers
(Fig.5). In addition, the morphology of modified kaolin
indicates the mechanism of the intercalation begins from
the edge along one site and moves forward to the opposite
site [3]. A modified particle is still agglomerated but the
plates are not separated. It could result from the shorten

length of heat-treated time.

-

Fig. 5 Modified kaolin particles of (a) LW, (b) heated LW3M, (c)
heated LW5M, and(d) heated LW8M.

4. Conclusion

Potassium acetate solution was used to intercalate
inter lamella of natural kaolin. KAc had influenced on
kaolinite and muscovite structure. Preparation of kaolin
and muscovite for the specific application has exploited
intercatation anc heat treatment process on natural kaolin.
Different concentrations have influenced on degree of
relating directly to the particle size of modified kaolin
particle. The 5M of potassium acetate concentrations
satisfied enough intercalation ratio. Heat treatment method
was applied on intercalated complex to eradicate the

intercalating compound.
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N1snsodoUAIIEIAVOUdSIIASI:KnAUSUTtUWUDaluwanann
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Method validation for determination of phenol in plastic products
using high performance liquid chromatography

adnun agfasn’

Wongkanok Yoosong"

UNANED

nsnsasumilildvedifinmsimuiinuiiuealuwaradndfiunsnuisidauasaniBumegiu EN 71, 2005:
Safety of toys method lngldinalialasunnnsivewnaiiuvaussouzas :InnsAnwgarnududunswedsiniginy
Mfenududunsseglugag 0.2-10.0 Tadniusedns Adadinvesnsnsanvingu 0.03 fadnsusednsuazdadiiatunisin
BeUFnauwiiiu 0.2 fadniusiodns lunsfnwenileudsuazaruiissedislagldfodiifiuasazareninsgiu 3 sefu
iy 0.2, 4.0 uaz 10.0 fadnsusedns) nuiiiaAundueglutasdosas 80-120 uasimmnudsavuinnsgrudusing
08357719 0.01-0.04 MAUNdULAzAA LTI UdEMSALTiAeglunasinisseniy nansnTadeuasiltliues
Fesziinuiilifnansgnuanuvindvesiiegs Fothdeyaiildannisinmasleudsuazaiiiosndnuiami
Liuueurensvesmslinneiituealunanafnissfuanudediu 95% wuidldtesnindesas 20 Fsaenndastuainill
wiuomdhwanefisinuely fifufaguldisiesgitmnetunsldaunatansya

Abstract

The method validation for determination of phenol in plastic products was performed by the modified method based
on European Standard EN 71-11, 2005: Safety of toys Method using high-performance liquid chromatography. From the
study, the calibration graph showed a good linear range from 0.2 to 10 mg/L. The limit of detection was 0.03 mg/L and
limit of quantitation was 0.2 mg/L. Bias and precision study were performed by using spike samples at 3 concentration
levels (0.2, 4.0 and 10.0 mg/L). The recoveries of phenol in plastic were between 80-120%. Relative standard deviations
were between 0.01-0.04. The percentage recovery and relative standard deviation were within acceptance limit. The result
showed that there is no matrix effect. Then data from bias and precision study could be used to estimate measurement
uncertainty of the method. The expanded uncertainty of phenol at the confidence level of 95% was less than 20% which

corresponding to the target uncertainty. Therefore, this method was fit for the intended use.

ArdAey: Muea, wanadn, lasuilnniivesvadaussausge
Keywords: Phenol, Plastic, High performance liquid chromatography
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1.unun (Introduction)

TutlagtunanafiniimudAysetinUszdiudueda
1N in3esile 1n3edld infesgulnauargUnsaiineg duudud
vhnmanaRnvielimanainidudrulsznou ilesannmanadin
fanautifiay Ao danumier wlauss duiinun vy
foanzaquaraisall Wuauuliihuazawiuanudoud
7 annsoilutugudundesusildvannvansyio i gunsel
youduin vosmnusstu e neurusTeILATIATDS
fa udu Feansdssuihinanllunssuiunsudawanading
vanewiln SusgiuussnnuazauaRvematafnydaiueg

fusatfuarsvdanidefigniiuldd vansaaduly
guaunssunatadin dnnuidevuluussydaaidmsveins
UATYBAAU mmmL%W@is'wﬂwtﬁaﬁlmf’lﬁﬂuﬁau Fudsemu
omnsivuloundeduianansariivulouiivea Fevdmwa
TiAndgmauanvesyed Tneaudufivuiadu 2 Ussan
Ao Mduiiwideundu (acute toxic) awvlAAnnssEmeLAs
sl Woysn eyszuumaiumele flenmsiaieoudsey
2 UIU 1189539 MstAsUTLea e nifies 4.8 faansu 9y
WliFeTinldnely 15 uiit dumnundufivdeds (chronic
toxic) Liisananlasuiiveaduaiuiuswianisazauly
FuMeudBuUTINgeINs W fesas iioomns dune wax
ananeliiinlsauzide yonanisenaviliifanisdeuanim
¥04lUTAU (protein denature) uagyanentawad [1] A0S
guituealundnfeiveaduivhainnanain muumsgiu EN
71: 2005 Avualrdanlaiiiy 15 faansuneansluansazaie
FlFannswssuiegananain nMsnedeumUsnnaiiuea
ausaniiunislagldmaialasutlansifvounaiaussous
G »5797Men8 Diode array detector (DAD) fauenindu
274 uilues dudunsnaAsidauUasminisinasg EN
71: 2005 [2, 3] swAdediadumseaaeuauldldvedis
Apsgvmnusunaiiuealunaiadn (method validation) oy
fnwn vz iidny iun deenududuili
ulAsnsasuiisududunss (inearity range) Inininaeenis
»579M1 (limit of detection, LOD) ¥ndnAalunisindsusunu
(limit of quantitation, LOQ) A ulowtdes (bias) ANLLTiBs
(precision) NANTENUAINUNINGYDIRIDE1 (matrix effect)
uaznsUsTINUmANlLLUusuYeINan1TIA (Uncertainty of
measurement) [4, 5] Lﬁ'aﬁuﬁummgﬂﬁaaLL@JuEJ"']LLamJWLS?J'aﬁa
VDINANITNAGDU i’mﬁgﬂﬂqaﬁdﬁ%ﬁmaauﬁmmmmsammq
mui’mqﬂszanﬁﬁéf@qmiwq’Iu

2.58n1snAaav (Experimental)
2.1 \nsesiiouasiaggunsel
2.1.1 \A30s high performance liquid chromatography i;u
1200 8% Agilent Usznausae Diode array detector

2.1.2 maduY Stainless steel: Zorbax XDB C18 A311e12
150 fadluns, idunugudnatinielu 4.6 Tadiuns,
Us39Medan ODS vwneunA 3.5 luaseu

2.1.3 \ei0sdadivie Mettler Ju AB204 - S/FACT A waziBen
0.0001 N¥u

2.1.4 MAuATInUSINIRTETT 1h3aLe (Volumetric flask class
A) vu9 50 Hadansway 100 Uadans

2.1.5 Yilaind3nnng tnsate (Volumetric pipette class A)

YUIARIE

2.1.6 19auialdansazany (Reagent bottle) 2u1a 250
ARART

pad)}

2.1.7 021956 n3aLe (Burette class A) 1110 50 Aadam3

2

2.1.8 8NWIAILANGIMAN (Water bath) Ei%ia Heto Lab
Equipment 314 SBD 50 WARM

2.1.9 L?jaﬂiaﬂLmJLU‘iu Cellulose acetate (CA) vun 0.2
lupsau

2.2 @UINTFIU A1SLANLATAU
2.2.1 us1mnlessu (Deionized water)
2.2.2 lunuea ¥in HPLC

2.2.3 @sazanennsgiuiiuea vdn GR voe Merck 141du
working standard AuLULgY 1,000 Jadnsusdodns

2.2.4 Janpnedeiiuea Aty 1,000 Tadniusedng vas
RESTEK, Certificate 9701 RESTEK lot no. A0101912
(li5un135U58991 irac-MRA wae A2LA)

2.2.5 @138aNLNINTFIUNLRA S¥AU working standard 9
AN 0.2, 1.0, 2.0, 4.0, 10.0 Hadnuredng
wisulauNI310a AN TaYaNENINTFIUTINEE 1,000

[

fadnsumedns (Vs 2.2.3) metrusiAannlosou
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2.3 33n159A51H
231 MSH3EUAIBENS

ARFIIAIWRTRAED

dniwin 15 ndu

232 MIATIERieATes high performance liquid
chromatography

mslnswdiinaiiuea lnefiannyded sasnislva
1 fadansew?l sndruvesansazanelananud 40:60 (1h
L WMUea) MNEIAAY 274 uﬂummuazﬁy’aqmmﬁﬁdm
muANgMnTveInedii 40 sarmwaldea nsszyRiavesil
uea lagmsiSouiiisuian (Retention time, t) vasiinans
wesguiuiiavesansazatesiot dununalagthituiiia
YosEnsazaneanmsg A sdulnmsaeufisunazi i
NAVDIANTALAYAIDENAILIUMANLNTUYR T Wea Tu
ansazaemedis (O) Wulladnsuredns (me/L) Nt
Usunailuea Tudaegns (W) nsu

R - CxV
J3ununuea, mg/ke =
W
) C = mudutuvasiusanlaanndulasnisasu

Wiy, me/L
V = USiasgaving, mL
W = dwiinsiegeild,

'4

2.3.3 Mnsaaeuandldlaveisiese [4]

A5MYIeANUT UTuN AL E UL A an AR Ui UL T ULy
A59 weRAITuIAFNUSEANSN15Anaula (Correlation of
determination, R?) vaadulAIn1saULiBy Inea1 R? = 0.995

ININAVBINITATIIVIBALTAINALUNNSTALTaUS U
Ainw1annnisiinansuInggIu (spike sample) ilAUNTUA
71U 10 91 A9lUFAIBE19 PNTUAIUINAT LAY

nesamvsasaeday

CA D2 um

Doy HPLG

msfnwanulewdsuazanudios Inevageusiegng
ﬁLﬁmmsmmgmé’NSunaa fszduaududy 0.2, 4.0
way 10.0 faanduredns anududuay 10 91 luanioe
repeatability Lag intermediate repeatability fMuasu

N1INGIUNANTENUIINUNTND V90819 TAeviINIg
nndeufegilifiansideinisvadeusaziadeusiagnaTii
A15UINTHIU 3 FEAUANUTNTY (0.2, 4.0 Waz 10.0 Tadnsu
fedns) mudiduay 10 91 udadransmissninenanuy
JUV9 matrix spiked sample fiu AaAeves Peak area 91
fuFeudisudanudu (slope) Aldfumamufurendulds
nsaeuiisy lngnasinvunAiAutusanaeiuliniuiey
ay 10 Jaziiodnunindvesmedeliiinansenunenisnadeu

nsuszanaaanulinuueuramanisin tnglduuimia
mMsnsaaeunuldliveis (Method validation approach)
[5] MunaaAAnulsiutueunsInUsunaflusalunarafiniag
Tunugiininaan ﬁﬁLLamTugﬂﬁ 1 [6] 1Nt uMAAIL
Tiwdusuuaazuraaza1ndlaLiuausutazatauly
wiueuvnefissiuadesiu 95%

JUT 1 wugiimadanuansuwviasvesenuliduiveu flddeyaainnis
fAinw1 method validation

www.dss.go.th

69



70

3.wanaz391sni (Results and Discussion)

Haa1nN1sAnwIANlTlAve IS NAgeU WU
Judunsswesansazasuasgiuiivea eglutiinnududy
0.2 - 10.0 fadnsusedns wuindaduuszansnisinauls
Wity 0.99999 puliintueuvesnisiafiseiuauidoiu
95% wudlatesninantnedismunliisesas 20 M
wanslumsedl 1

A15199 1 FAINAVBIN1TATIANT IR nalun1siadelSunn
Yrepnududunlidulfnisseuiisududunse wazAny

Tiuduau
WISIRDS n=10
VAINAVOINISASIINT (JaanSusoans) 0.03
VR NAluUNSIAIBIUSUINI (DaanSURDaARS) 0.2
gounnuiuTuRTAIEUlAunsaeufiouluidunsy 0.2-10.0
(Jaansusioans)
ARUlLItuBUVENgRs-AUANUIGAU 95% (Sagaz) 15.7

JnnsAnwauleudemavainuiiies luaniie
repeatability llag intermediate repeatability WuIA1dIU
\Desuunnsgruduivddesndn fevar 10 uazerAunduog
Tutnedesaz 80 — 120 fuwanslumsnedl 2 uae 3 mudisu

P19°99 2 ANDBIUUNINTFIUENINS (%RSD) neluiudiaanu

UAZIZNINGIU
ANUNUTURIAUaIURD9E Repeatability Intermediate
(Daansusioans) repeatability
0.2 0.022 0.037
4.0 0.015 0.020
10.0 0.010 0.005

AN5199 3 AnAunaunlan1sesEiUSInauaaluwanafn

(n=10)
AnuUTURIALadU ANUITUTURSATE AAUNaU
M08 (JaanSusoans) (Jaansusioans) (3o8a:)
0.0 0.00 -
0.2 0.21 105
4.0 3.79 95
10.0 9.17 92

NsgIURANTENUINWNINGVDIiaENs IneiUSauiiey
Arpudy fldannisadiensminsafiundnduasiioti
wanaRndeflaniniu 16.62 fumanudunsdldfiumdndues
Fogamanaindsiiavindu 15.35 wuiiiaauuansiswes
Pdusihiudesas 7.7 deyauandugui 2

ATuAviusBadurasTuea (nsalilwasnd)

200
1380
10
140
g
= 1 ¥ = 15.347500x
a0 R? = .999523 # Spike Sample
o
40 ¥ = 16.61E204x
20 Ri=0gg9ggs  Wotandard
1]
0 & 4 ] 8 10 12
Conc. (mg/fl)
JUT 2 neSsuiieuanuduiusifuduvesanududuiiueauas
wuiin nsalldfiwmindueiiegnmaafnuasiiuninduasiiedng

Nanan

4.asU (Conclusion)

n1snaaeuAuldliveisnisinsgidsinaivealy
wananlaemadalassnlnnilvesvataussauzgs 10uIsT
ﬁml,ﬂaﬂmﬂ%%'mmgm EN 71, 2005: Safety of toys method
HAINNIIATIAABUAMAN BEUELANIEANY LALA Y3eAdY
Fuilidulfanmsaeuifisududunse Jadriavesnsngiam
FadrialunsindeUimn aulewdes anaiies nsiiga
KaNsENUNLEDATIarNMUszIuA A s iuuey WUt
Julumunasinsseuiuiidimun uansiniiveaeuiivans
fun1sldnumuingussasAuaranansaidilunaaaumusunai
uealundninsiUszinnmanainiileduasesnuuasnsiols
fuffuslan waganunsoveaeuieesliluraanudutuds
sesiungnevesUszmanaanamelsuiifmualilihu 15

TadnsSunadns [3)]

5.nAANSsSUUS=NF (Acknowledgement)

Y98UANYAAINTIATINITATNYIETR ALY was
auayy yilinisedndunulupdstdusanuinguszad
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nsHaArdouITeviuuLRSTUIUHUAEVOY
fenssunndaunowBuylnoldanm Algorithm S
Setting the target standard deviation for proficiency testing assessment
by Algorithm S

75360 glnysal™, Syen wuugd, wannu vindu’

Wannee Aupaiboon’, Rachada Hemapattawee', Pochaman Tagheen'

UNARgo
nsAnuiidunsmadudenvunesgudmnsvesianssumaseuanudiungsenisasiazaeldiomelu ng
Tideyardudsavunesgulsdadnnnisinfanssunmeaeuarutiungiidetulusswingd wa. 2551 s ne. 2557 4
fiAAnudidiureasegiseglugig 300 - 400 mg/L tamawesdmdsvunasguimnevesiansslasldguuuuada
Algorithm S (IS0 13528:2005) snusggnaltlunisduin wuiddudsauunpsgrutmnedldfidwiniu 5.0 %RSD
aonmdasiunaeiviamaiialunisussidiuanssougiesuuiminis mamﬂmﬁ%’aﬂ%’jﬁﬁﬂﬁlﬁméamﬁmLuummgmn’]mma

MnzandmsureruutuYeiege Feausaiwuimllludssgndldiuyimnudududusasiogavlindusoly

Abstract

This study aims to determine the target standard deviation for proficiency assessment of total dissolved solids in
water scheme. Standard deviations from previous proficiency schemes which conducted during 2008 to 2014 at the
concentration range of 300 - 400 mg/L were collected. The target standard deviations for proficiency assessment were
calculated using Algorithm S (ISO 13528:2005) approach. It is found that the target standard deviation is 5.0 %RSD. This
is corresponding with the technical criteria for evaluate laboratories’ performance. Acceptable target standard deviation
in the same range of the sample concentration was achieved. This approach can be applied to the other concentration

range and other sample matrix for proficiency testing scheme.

Addey: Ardhudssuuiinsgiudimvang fanssunedeuanuiiuigy dane3tuied
Keywords: target standard deviation, proficiency testing assessment, Algorithm S

! nsAveAEnsuIng
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1.unun (Introduction)

nInaEeuANTIUIEY (Proficiency Testing) Wuwmaila
wilsvesnsuszruguawiesufianisuaglddmiunisih
sefsaussourlumsdifiunued el desvesiesjiintg
iiouansauausalunsveaaeuvesiesUfiRnslndud
goNsuLAgnA fnsaasusesazmhsnuiifidugua uazidy
umadofmunsnasgiuang ISO/EC 17025:2005 Funaunis
msiufaNssuNIAgeUANLNTINYRUURNS Usnausme
nsuandnedegimileutuviesogsiindefuliiunves
UftRnmsiitenaaou Tnevhluasli3siviesujifnisldegidu
Usedn wdluuensaldnfanssuenammunisnageuianie
Tifuesd fufnis man1snaaeulrgnasnduindaiaianssy
nsmagouarmtngynelussazmiitinualy anduldn
AvnssuazyinsUszliuassnuzvesviesUfiRnsanuaiivios
UftRnsdinduin Taelduuuuainmmansauuasiinasiuans
ANNENTAVRIRIUURNS

n13UsEluansTaugveiosljianisiivareguuuy
dmfuguuvuifesldidunsliazuuulusuiuuz-score 39
AnalaanAEINAwR AN IAdeUTEIDIUfURN1SAY
Arfvun smemdudsauunsguitldlunssedu
ausTueviesfuRnfsaunsd 1 [1]

z-score = (x - X) /8',, (1
X = HANIVAADUIINYBIUGUANTS

X = AvuA (Assigned value)

A .

o, = AE@lsLUNIAIFIUYRINTUTHIEUNT

NAFBUAMUTIUNEY (Standard deviation for

proficiency assessment)

dmsuinaeinisuseilivaussougreaiosuiRniseoe
A1 z-score wanslun1s1 1 Fedwaves |z-score| den
annvReThTU 3 uansian1naeutiidnu outlier os
UjuRnsinduazdewnaumuaziidunsuily uazinaves
|z-score| AN 2 wtleENdT 3 WaRIIHANITNAGRUY
TunasifideseTeargdomumuiinmadey

A15199 1 BananNeinIsUsEiiuan z-score

NSIAAIAT z-score INfUrin1sgousu

lz1<2 wailluRuwale (Satisfactory)
2<1z1<3 wailluRthaude (Questionable)
lz1>3 waliluntiwele (Unsatisfactory)

Mnaunsi 1 auggdnfonssudugivuariung
auvesAimuanarAddenvLINAT IUYesNTUsTIEY
nMsvageuaNtiugy Weliussgiimnevesfanssy Tng
afAgdnRanssudenld AedBnsdndunsniu Algorithm A
Y9ATFIU 1S013528:2005 Gaifuadfvialsdad (robust
statistic) HaaINNsAIMagldAmuaGonin Andelsda
# (robust average) uazmddssuunmsUFeninAdm
\Jesiuusnasglstas (robust standard deviation) ¥anld
Tun1suszliunnuanusavesiesujufinig

Tun1suseifiuninuaiunsavesiesdjuiinislunsias
Aanssu ffinfanssumsiimsimunddudonuunnsg
wngaulidrmii esnnnsdafanssuusazafiondlidu
sUuvuiienty Wuwavihlinisdenldedudsauunsgy
Tstadonaliimangan fduisarsdimuaidiudsnuy
wesguiivanzautuan vieidend edudesvunasgu
wWhusne (target standard deviation, target SD) erdunis
fvunnasilumssensuAmanuuUsUTILTestoyaildluns
Uspiliunnuaninsnveaiosjifinig Snvieanunsaldeniidu
dunildlunasinisussifiuiauduidefoturesiog
(homogeneity) lé8ndme wenanildanusaantymiuiils
annsmideyannsintanssuusesadenlfifteiduwama
nsUulTarUsEliuAuansavewinsU innns

nsfvusadudoauumasg g aunsgu
1SO13528:2005 @131509 LANUALIBLYU NTOANUAUD
nnvane nUsziinsdafanssus aneuivvesiieivey
neAAaLiBa(precision) 184381MASEIL MeAINANNTS
Horwitz Uiy nsiviuaen target SD 578A15 Total dissolved
solids in water 9MnFANITiBsvesIBIMsgIL Tded1inde
Wyaaoumnsgruinisiimuaeianuiiesiliasounguyn
Frsududu osmniineaeuiifuwuy empirical nsld
NMIAIUIAINENNTS Horwitz Feliinungay Tun1susziiiu
aussauzsieafuinisiddadndeauuinnsgiuaindiin
saufanssu Wustmune msdnuadsilfumsmendan
Deauunasgrutmene s deyardudoauunasgu
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15UadNlaa1nN159nRanssusEnInall w.d. 2551 09 W.A. 2557
hanAwnadudenuunnsgu lneldada Algorithm
s faduadawuulsvadusennnisnlddmsunieisiuves
v a o a A 1 aw
Foyaiiluardruleauunnnsgiuvsesiids (range) aa 1SO
13528:2005 [3] wazyinn1siUSeuiiguiunISUINasINUDIAN
dueuunInggIukuL pooled SD

2. 35n1sfinun (Experimental)

2.1 i’mi’m%’aga Robust standard deviation (s*)
NNITIANINTTUNATDUAMAULIUIYIIUNT
Total dissolved solids in water ﬁﬁ'ﬂiﬂﬁl@ué
USMSIAN1INASaUANTINTYIRIUURNNT NSX
MIFEATUSNNT 581390 W.A. 2551 B9 WAL
2557

2.2 11A1 Robust standard deviation (s*) %aa%aga
ludia 2.1 afuIueglugyu %Relative standard
deviation (%RSD)

2.3 Awrmmdrdudsavuinasgudmvane deeg
lugy Target SD (w*) lagTl¥adiA Algorithm S
2.3.1 Fostioyad %RSD Aiduaaildainte 2.2 anentos

Tumn (W) W Wy W)

Wo w Ao Ardudesuuiinggiu

2.3.2 nvunli V iiluen degree of freedom 183403a w

h w Ag m@'quimLuummﬂmmﬁw@ﬁﬁﬁmqu

WL p fardi i V = p - 1 §mdu A 1 uay A § @awngn
H AN nAnsaR 2

2.3.3 MA1 w* aausn dewviiu Ardfsegiuvesdeya
VavunfitunUszaana

w* = median U84 w (i=1,2,..,p)

2.3.4 USuA w* Tnl Tneldauntsd (2) 8 (a) seil

2.3.4.1 WA Y ANENNI9N (2)
| = Mxw (2)
2.3.4.2 %A w* 91nauN13 (3)
Tagldan w doi=1,2.,p
Vil w >\
wi* = 3)

w 1ie W‘S\V

2343 ANUINAT W* 9INFUNTS (4)
w* = = [pP =2 4
/z,-zltw,-} /p @)
2.3.4.4 ﬁmm%ﬁg«maumiﬁ (2) 84 (4) Juans

AMuIUeIal w* Nlasulunsazasalinisdsuwlastiosunn

o o 3

(avtidAnyeiumian 3 vestoyaliivisuuyas)

2.3.4.5 A1 robust w* A A1 w* NERINNIIATLIN
Tude 2.3.4.4 Faadrndesuunnsgruthmnenlasu fs

robust w*

A15197 2 Adauusnlglunsamuauadn Robust: Algorithm S

Degrees of o .
freedom, V Limit factor, I Adjustment factor, &

1 1.645 1097

2 1517 1054

3 1.444 1039

4 1.395 1032

5 1.359 1007

6 1.332 1004

l 1.310 1021

8 1.292 1019

9 1277 1018

10 1.264 1017

2.4 awraadutssuuninsgiulvaneg lagly
A5uuu pooled SD

1161 %RSD Aidwiadlaannds 2.2 unlddmsuaiuinm
Target SD @u@NA1SN 5

Y(ni—1)sE;

ooled SD (%RSD) = 5
s = standard deviation UBIkARLYA
#7989 (%RSD)
n = fuudeyalundazyadieeig

2.5 yimsAneAn Target SD Tunsainidoyalinn
wanngu (outlier) Iael¥35 Algorithm S uagis
pooled SD Y9 VUnDUAIL

2.5.1 nndeyanAuinlalude 2.2 denteyaniild1 %RSD
W INTign (%RSD )
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2.5.2 idayaiiiu 3 yadeya lneusudeyailaaindes 2.5.1

N veyaves %RSD Trusudiu 1.5, 2 wae 2.5 wh
AuAIRu e rndeyalAmuannguTItRRuINN Y

2.5.3 AuuAn target SD vewlayalute 2.5.2 AagTs

Algorithm S ag35 pooled SD

2.5.4 Wisuifieu target SD NAunlaaniisaesis

2.6 a51eunuglinansddruilssuuninsgrudunng

(%RSD) Fedruramnandrdruidsauuinnsgiu
TsvaduasAadelstaduasnisinfanssunagau
AMUYIUEYI18N1S Total dissolved solids in
water U w.A. 2551 i3 2557 uag target SD 310
A1SAUIA87S Algorithm S 1azaInis pooled
SD

3.wana:d91sni (Results and Discussion)

3.1

3.2

3.3

34

35

3.6

FayanvainvesnisaniufanssunisegeuaIy
P1u1gy 5781135 Total dissolved solids in water 974
anandudu 300 - 400 me/L Aisudunissewingd w.e.
2551 v 2557 iy 7 doya fidn %RSD oglugas
4.076 - 5.839 WAAIWIANSIT 3

NANITANUIMUAT target SD VOIAINTTUNAADUAIN
FrngyieauuRnig 518013 Total dissolved solids
in water (78 3.1) I35 Algorithm S i@ target SD
AoLdu %RSD Wity 5.042% Fawandlunsnedl 4

NAN1TATUIAT target SD UBINANITIUNAFDUAINM
FrungyrieauURnis 518013 Total dissolved solids
in water (19 3.3) lae35 pooled SD #ie target SD An
U %RSD Wity 4.917% sauandlunisnadl 5

v a1 '

magaﬁmmwuaﬂﬂquuasmaawaﬁwuamﬁﬁta@etSDmaq

Toyameis Algorithm S uazds pooled SD uansly

a

ANTNN

uugfiuanardndsuuNAsgILdIng (%RSD)
Y84N153ANINTIUNAGRUANTIWIYTIENNT Total
dissolved solids in water U w.a. 2551 g W.A. 2557
WA target SD 91NAIATUIUAILTS Algorithm S Lay
91038 pooled SD wandluzuii 1

a

Wlewsauiisuan target SD fiduaalaainis
Algorithm S (48 3.2) Lagan pooled SD (1o 3.4) il

N v @

AbdlaneNeiuegelidudfgy

o

3.7

3.8

39

PNUAUNITUN 1 ileRarsandndeauunnsgu

TsUad (%) Fadurfinansnisnszatedaidanguues

£

foyanansnaaeuluusiseuvesianssy axiuindoya

Y
= v 1

finmsnszaefreuinags Geenaiinaintadeiiunnsie
fululuusazsauvesianssy wu nquvesiesus
nsiismRansy 1n3eslegunsal TEvaaouuass
naaov iudu Feduasiildimndoyananimaaey
“L‘uia‘uﬁfﬂﬂsimﬁuﬁﬂﬁiﬂssmaﬁaL%aﬂfjmau‘ﬁNqa W
dwmavilimaudsauumnpsgmilstadiladuiimnn
Foilinsussifiuauanansaiesufifnisenaas
HoulswAuly Tunamsetudraumnuanismaasuil
nsnIzedndenguAeuinesi azdsnavinliandiu
eauumesgiulstadiiados nsUssiuaiiy
aunsavesiotljuiinisasiinanuduniaiuly As
dumslddudosvumnsgulsadlunisUssiiu
aussausvisslfuinisenaliaonndesiunisinau
vosesUfRnsfiinsiuAanssy Snitadildananan
AvANNaTinIsUssulaBnie

Nnuugligul 1 uandbiiiuinmsnszaevesdoya
Ardsudeauuanasgiulsdad fnisnszanediey
S¥WI9e target SD 7ifwInia1n33 Algorithm S waw
971305 pooled SD DL NALNZEN LAAIIEINTOUINS
AFannsenamenaediauldidy tareet SO lu
AanssuvageuANTIueYyY Tusienis Total dissolved
solid in water figa3pdudu 300 - 400 mg/L Tne
$Awvirfiu 5.0 %RSD

nmswSeuiiou target SD 7il#a1n33 Algorithm S
Wazans pooled SD wawandlumseit 6 awuiudn
nsdiideyaiiAuenngy MslH3s Algorithm S a¢léisy
ransznutiesinn Tuaefinisiuingieds pooled
SD azAputnslasuNansynyu 1agen target SD fing
Wasuuadluagnann fadunsmendrudssun
UINTFIUTIW EIT pooled SD F3A5H@IINTNTIA
aaummLLU'ﬁUiausuaa%agaﬁ%ﬁwmﬂazmawaim
roudeyaithunUssaanadielaiuansnety
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A13197 3 YoyauazAmMIeEadRvaINaNIIUNITNAGRUANTIUIYIT18NTT Total dissolved solid in water
499U w.A. 2551 s w.a. 2557 00

aaun §UoURUAUANSANASOU | Robust average Robust standard Relative standard | UR9AAINSSU

Nanssud ($19) (x*), (mg/L) deviation (s*),(mg/L) | deviation (%RSD) (W.rt.)
1 163 350.8 14.3 4.076 2552
2 212 396.3 17.3 4.365 2554
3 259 399.1 17.8 4.460 2557
4 222 349.0 16.7 4.785 2555
5 154 348.2 17.9 5.141 2551
6 154 348.2 19.3 5.543 2551
7 238 298.0 17.4 5.839* 2556

* % RSD

A15197 4 M3Useiliuna Target standard deviation A38735 Algorithm S ¥asfanssuNAGaUAINYT WY Tusienis Total

dissolved solid in water 929U w.A. 2551 §19 W.f. 2557

(V=6 §=1024,1N=1332)

lteration 0 1 2 3 4
Wy - 6.374 6.716 6.716 6.716
W1* 4.076 4.076 4.076 4.076 4.076
Wz* 4.365 4.365 4.365 4.365 4.365
Wg* 4.460 4.460 4.460 4.460 4.460
WA* 4.785 4.785 4.785 4.785 4.785
WS* 5141 5141 5141 5141 5141
WB* 5.543 5.543 5.543 5.543 5.543
w.” 5.839 5.839 5.839 5.839 5.839

New w* 4.785 5.042 5.042 5.042 5.042

a15197t 5 nsUszfiuna Target standard deviation #2838 pooled SD YDININTIUNAFIUANTIUIY
Tusnens Total dissolved solid in water 429U W.A. 2551 §i9 W.¢. 2557

amun 4 vﬁ’],umjﬁa\luﬁﬁﬁms %RSD (n-1) sr,i2 (n-1)sr,i2
NIVISouUNINSsUY (S18), n
1 163 4.076 162 16.614 2691.432
2 212 4.365 211 19.053 4020.230
3 259 4.460 258 19.892 5132.033
4 222 4785 221 22.896 5060.066
5 154 5.141 153 26.430 4043.772
6 154 5.543 153 30.725 4700.902
7 238 5.839 237 34.094 8080.259
Sum 1402 - 1395 169.703 33728.694
Pooled SD (1a@auidurn %RSD) = 4.917
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ISP '

M15199 6 LEASAIAINUUANAIIVDY Target SD NAIUINUIINTG Algorithm S wazaINI5 pooled SD WadayaliAnuanngy laen1s

WaguuwlasA19a9 %RSD . (@19uit 7) Wu 1.5, 2.0 wag 2.5 Wi mudeu

v

L %RSD
ainun
1.0 1.5 2.0 2.5
1 4.076 4.076 4.076 4.076
2 4.365 4.365 4.365 4.365
3 4.460 4.460 4.460 4.460
4 4.785 4.785 4.785 4.785
5 5.141 5.141 5.141 5.141
6 5.543 5.543 5.543 5.543
7 5.839 8.758 11.678 14.597
Target SD 91n35 Algorithm S 5.042 5.258 5.258 5.258
Target SD 91035 pooled SD (IUARA outlier) 4.917 5.605 6.446 7.388
- 8.0
& *
£ 58 -
|
:
] B === e e m e mmm———————————————— B.042
= by 4817
£ 45
- R L
g- L]
=
Z 40 *
.
E
E 36
= - - .
ndnnanssy (WA
3.0
2BED 2661 2862 2663 2554 2855 2EEE 2667 2EEB
+ 5D Algorithm A) — — —Target SO {Algorithim 8] weveres Target S0 (Pocled 3D}
51U 1 uanednulsnsnnsgudiinfunfanssunanouATattunnlusents Totl dissolved salids in water

T w.A.2661 Tl W.A.2667 uas target SO ANATFATUAMATIETE Algarithe S U8 poalad S0

4. asuU (Conclusion)

adfuuu pooled SD TneUnfvzdansivasuaidues
wulasgIwIdiauuanaivegitedAgyriali agld
atf F-test nouanUszutanasiniu dmivadauuulsvan
WUy Algorithm S 1Hu3sTlésunansenutiesandeyaiiiien
uennay Juduismnzaniiogianldlunismen target SD
AUSURINTTUNAFDUAINTIUIY NITATUIN target SD fng
3% Algorithm S wazda pooled 5D Tunsnwasiflsualaiumn
fnefueg1alitedIAgy A1 target SD UBIAINTIUNAGDUAIIN
P11y lusrenns Total dissolved solids in water fiapnnul
Wit 300 - 400 me/L Sieuiniu 5.0 %RSD Aiilstauivna

Na vl ekUuaukaz iz aufunN1sUSEIUAN AN

o

HoaUfiiRnsvesuseime sauavinlifes fiRnisuazein
AnssumadeuA It IIgMIULLIIMIINSUssduiioniunu
nsAiunsesaminzan iesufoRnsidisiuRanssunis
NAFBUAILT AN SO RAITUAENE AUV UNUTTIY
Uspilluiumngaufulsildvielineumsidrsaufanssu S
feannsmhedndonvunasgnidmmeluldfussdu
arundudaienfuvestiodisldsnse
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msnnarseseanulfusansnouinatnlasunlnns W
Purification of crude glycerol by column chromatography

gnzlyd Juanding”’, 3910500 Y31AT, warwadnwal usseiuaniy'

Supachai Jindavutikul", Jiraporn Burakhon', and Nonglug Bunyovimonnat'

UNAREo

mATedidunsyilvinaweseanu (Crude slycerol) GTfaLﬂumﬁmﬁmsﬁwaaﬂé’mﬂmiwémhﬂaﬁLsuaiﬁﬁmmu%qméqa“ﬁu e
Wuyarwesndlweseaiu Ssndlweseanuiidnvasiuveunamiads 1nnsinssinuindindweseaifissioras 54 sl
ansnsathlulivsglonild vonanldifudomas mevindwesealiusanidmemadalasuinnmildy Suludousieundive
seanumutumeudalll Ao Winflwesearuuifiuuyiuen eanaumiiaveandweseanuludesiunntuisusumany
dunsa-walaeldnsadaiininifiousnindesenty suiidarudunse-smasiiy 2 asnsoanaznewndeldfifian aintu
nseundouavansiFeunsu on wiewhmswenduazirdnndusiedutuiud andulsusudasudanudunseua e
anngnaumuiisiud wuildnaenaznouduiusiuitiosianiiaanuunsea-waniiu 6 Sedufusudiazgnuonoonseyn

v
o w °o v v

wseensasgayyINA Mnuulamdnmuealaziieauiou 120 ssrwailud lnewusiantunisliaudeu wuhinivm

Al

120 w17 aglindweseau3gvaiigniisesay 89 MnluInhndweseannsawnemaianaduilasulving i wulaunsoy

q

ANHUIgVIsveINdwesealaneiosa 92.19 danumuzauiiazthluldlugnamnssuniosdions Wy ay wagladu asrayad
dinwnndlwesealuingedu

Abstract

Crude glycerol is a dark viscosity substance and contained only 549% glycerol which could not be readily used in
any industry except to be burnt as fuel. In order to add more value to the substance, we found the way to increase the
purity of crude glycerol by using column chromatography. To prepare the substance for column chromatography, we
began by using sulfuric acid at pH2 to agglomerate salt. Salt and other substances were removed by filtration process.
Decolorization was also done at this step using charcoal. The next step was to adjust the pH to 6 in order to get the
best charcoal precipitation. The charcoal precipitation was filtered using vacuum filtering process. After that partially
purified glycerol was heated for 120 minutes in order to remove methanol and water. At this point the glycerol purity
was at 89%. Finally, we put 89% glycerol to be purified by column chromatography technique. The result showed
that the crude glycerol was purified to 92.19%, which is much better than using vacuum filter. This glycerol with this

purity can be readily used in cosmetic, soap, and lotion industry.

adnagy - lulefiwa , ndweseadu , n1sviliusgms
Keywords : Biodiesel , Crude glycerol , Purification

! drdnnalulagyugu nsuanerrmansuinig
*Corresponding author E-mail address : supachai@dss.go.th
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1.unun (Introduction)

naLesea (glycerol) #3® 1,2,3-propanetriol @u130LT8U
gosluanamaaillaidy CH OHCHOHCH OH (Uuvevan
laifinAu Tl savu wilourhifion vaommend 17.8 asm
waidua ionuazaanesia 7 290 esaiwaidea avaneluthuos
Wwyuea NAlwesea Juslevilugnannssuegandnewina wu
Tdusvharasansazans asifinanuvu aslinnugu
Juluedosdrons aywan gneu 431 niin uasansvdeduiile
Tganeu anstosiunisudeis Wudunatemsdnd uazans
é'?qéfumﬁ‘[mﬂﬂﬁﬁi’m [4] [5] [6]

Tulediwa (Judomamaunuiildainnisininguain
fnsedns Fuduarsusznouduniduseian lnsndwelsd
WINIUNTTUILAITNILATITIS N1 nsudieamesiiadu
(Tranesterification) IngvihufAzeniuneanesed (deslife
WVNUBaKaieyUa) waziiiua 1w luuulonsenlyn (NaOH)
Wudseuizen endanalueanes (Ester) uaznannanaoy
1§ Fendwesea (Glycerol) waziinsalusu wviuea Wuds
Yudou (1] 2] (3] dmiuuszmalveilssuanansandn
Tulefiwaland 400,000 dassetu llunmssvesnaalulefiea
fadesnglusenm dewnndweseaiansuuitouludsunn
wnldanansathluldusslonils uazazdulgwdelulueunn
mnldsuaiunswaunisihndweseanululiusylovivie
Lﬁ'mﬂam FamsAnwnisvhndweseanuiildannszuiuns
wanlulofealiiuians wanvaneds 1w Tnglinsanleansdn
U3u pH ileviluenduladu vdmnihlundueslindiwesea
fiflenuuiqvdiiutu o Ui nesinuhiinadnueilnd
WeaNALes0aNInsgIu [7] Mislinsfnyleniiennuiou 910
tuhuwilssandsensaeanedn usndwidunznoude
in3esiiumnniiags Wienwuadnifiordn ndiwelsd uwaxldng
dwuﬁuﬂuﬁﬁﬁmﬁﬁmaaaﬁj T\]%iéljﬂaL%aiaau%ﬁj%éﬁﬁﬁﬂiﬂmﬂﬁ
[1] wonaniilgfinszurumsuenduitldldndiweseasan Fae
nsssmeduifuiuazusanesedoon thlatauendiesh
ﬁwasmmaﬂwuﬁqmwgﬁ 70 pswai@ea Wuan 10 uil
wldnAwesoaiifimiuuiavisgeiu 2] finsAnwifunseli
U;jﬁ%&nasiwﬂ"ﬁwul,ﬁmﬂﬁusm%u Mnduthiuresnileese
auilvuIanssenisasiiiusing [12] wagnmsuuanmani
Junsavesndiweseafiumeasazaensadansnlinld pH Tu
19 12 uag 57 Wemanneiivanzaudmsuenainiovu
LLa%L‘ﬂlllﬂ’J’]iJU%?jWé‘UENﬂﬁL“IIE]iE]@I@EJﬂ’]iﬂguLLUUaﬂﬂ’J’mﬁu
wdaannszurunInduazld ndweseatifiniuuians (13)

finsAnulaeifunsaneanesndudy 85 % asluaisazany
ndweseadildainnszurunisudnlulefmaasuinnisuen
Fu Tt TureIndlreTeaLALINNLEA LILENKYIUDE
oonlagnsnauiigamgil 65 earmwaldea [14] nsndensa
Faiii3n vondlilalnenisldnsanuiusiug antuvindunans
seansazanglafenluasueiun annznoulneliueanssed
suvefhazaieen sunsedldndiveseausandaifidnuue
witlen [15]

dmsuanuddeiildunisiindigeseafiuainnszuiunis
nanlulofwanyiTliuIavaiiunsEUILNITLENNNINIEAIN
menstiyansesdyyIna wagldwaiinnaduilasuninns i

a v

WHINFI9AINUITENTNSANYILALNTEUIUNTTDU LB LIALE

s
= o

naweseausansgs awnsainluussendldlugpavnssula

Y

2.38n1snAaav (Experimental)

2.1 IngRvuazarsiall

- naweIeaRy (Crude glycerol) 3nNTEUIUNTSHARLY
loflwa YOFIAMAYUVUALN TR WHNUNALNY
o.nsevuuUY Launsanns deldihiuildudaluats
Geuduingiv Idndiweseaiuiiunandnnaoeld
eladrunsruiunsuendudisanuden thuldly
et

- nsndaRaZNULTY 98 %

-laisulansonlan

- lMURA

- Twduilaslolown

- yiaulnanea

- auANIUA (Activated carbon) ¥um -100 Mesh wag
UM 8x30 Mesh
2.2 a9 gunsaluaziadesile
- Lﬂ%@ﬂmmmméﬂiwm’] (Magnetic stirrer)
- wsaeiarudunse-wa (pH meter)
- iSeadmailey 4 fuvis (Balance weight)
- iBosdumissnnuniigs (Centrifuge)
- Lﬂ%@qniaﬁq@zQWﬂWﬂ (Vacuum pump)
-l (Hot plate)
~idesdileth (Water bath)
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2.3 NMFAATIRINIUTUIUAMANUTNENEWTEA
(Determination of glycerol content) #1y
UINFIU BS 7511 : Part 3 (British Standards

Institution)™”’

ndlweseauians 0.20 nu @drmudunse-ua (Ju
nang) eaneiethndy 50 fadans UsuAeaudunsa-lua
idu 8.1 + 0.1 mezarsazaneludeulonsenlon anududu
0.2 uasila SIuiUaNTaraenNIATaTIsN MUY 0.2 UasHa
(nsdifiduansazanslnioulonsenladunniauly) anntudu
ansazanelaioueslelown 50 fadans tiludulufiiag
gaumgivies 1Wurian 30 Wil efidulnanea 30 fiaddns
uiAvluidiafigumgivondunm 30 wit Forsdetndu
WilU31193 300 Taddns lawmsnnsavesinfiAnduluufisen
mpasavaleuInIgIu 0.125 wesia ludeulansanled aull
Aandunse-lua 8.1 + 0.1

asa  da £
aummamﬂgnimmnmu

CH,0H-CHOH-CH OH + 2Nal0, = HCOOH + 2HCHO + 2Nal0_ +H,0

HCOOH + NaOH — HCOONa + H20

dm3U viaenrIuAL: UfTRmutumeiReiuasiiedng
usldindu 50 Taddns wuansiosnauarlmnsvauingiii
Arrudunsa-ug wirdu 8.1 + 0.1 vihlimsuuunsvesly
Fenlansonled uasiludmunumarniaviveandisesea
#olU Baranisvnaosianandlunsed 1 waganeai 2

A15199 1 uaneAn Blank Test Nlglun1swsziusuiauniny

UIgNSNaeTea
ASIA USunru NaOH RTSTnimsn Blank (Jaaans)
1 2.4
2 2.4
13y 2.4

= a £ o =
M990 2 LLaﬂ\‘]U%u']mﬂqquﬂiﬁ"!WSﬂaLﬁaiaaf\nﬂﬂalﬂjaiaalﬂiﬁ

It ERta ]
. - USunou NaOH At | _ .
. thktinans - Usu1nuAIuUSaNs
ASwR | _ _ | Tmimsn naisosoa 3 .
narsosoa (n3u) o narsosoa (Sova:)
(Daaans)
1 0.2056 20.20 99.57
2 0.2057 20.20 99.53
3 0.2058 20.20 99.50
IOﬁEJ 0.2057 20.20 99.53

é'f'aaEJ'Nmiﬁwmmﬂ%mmmmﬁqméﬂé‘Lezjaiaa
s (Lansfegsnsiunanzasad 1)
U3au NaOH ldlunslawmsm
- U3au NaOH #ldlunislamsnansiegng
- U311y NaOH 7ildlunslamsv Blank

=20.20-2.4 =17.80 Uaqans

AMULNTUYDY NaOH Tglamsn HCOOH wihiu 0.125 g/
ans
NaOH 1000 fiadans fiiifoans NaOH 0.125 Tua
&1 NaOH 17.80 fiadans fiifoans NaoH
=(0.125x17.80 ) / 1000

=2225x 10> ua

ANaNN15URATe NaOH viufiAsensiu HCOOH mednsn
dulua 1:1

NAweTea 0.2056 N3N 1A HCOOH 2.225x10° lua
fndLeTea 100 N5U 1A HCOOH

(2.225%10” x 100 ) /0.2056

=1.0822 lua

wialuanaveandigesea wiriu 92.01
matundigeseafmu 1.0822 x 92.01 = 99.57 n3u
MtuUSnaeuUIansnaweseanadusasaz 99.57

2.4 msinaweseanunlaannnszulunisuaniule
o a £
Auraliusgns

2.4.1 NMSANYIBIAYSENOUNADTDARY

1ndweseanu (Crude glycerol) unilAs1EvioIAUsENOU
loun USunuvesesnusenaudiudiluszine (Nonvolatile
matter) AU3ATILH ASTM :E 1235-01 (American standard
testing of materials) [11] Unaesdusznauiiiduih (Water
content) AAs1¥AlAeIBAU-ansn (Dean-strak) USuueen
Usznauveud(Ash content) UsunaesAusznauilduans

a

duv3¢ (Organic matter) Armsdunsa-Lua
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2.4.2 Mmyvnaweseanuliu3gvalagiBueniieynanses
dtyey1nA (Vacuum pump)

Usenaumedumnou Ardbranalul

1. §undIsosoanu

v

2. IAUINU9A $wa: 30 Inelinlinvounaisosaanu
IWoanAduKliavadnaisasaanu nouwanlinAubunal 30 unf

v

3. USuAnowIdunsm-Iua NasasaanumdgnISIau

nsadaWosniuTu 1eridnayia:TeideuTansontss
Afusoiswfselumswanlulosisa Agaums
2R-C00-Na" + HZSO4 —2R-CO0H + NaZSO4
2NaOH + HQSOA—'NaZSO4 + 2H20

nouwauidunan 30 infiieliAANUIdunsA-1uaAIA

'

4. Udogltinda Na SO, AiiATu9INMsinInay
na:Tsifeulonsontsd uiumoun 3 anm:noulasauys
IE9NS0VINE00ONAIEEAINSOINSOVEYTYINA

v

5. thndisasoannsavindoaanidalulansosien
AT 1 Auiioliinsalviu Aoaadervovayiazansiioduduy

lgnAegEULLdUNAIaSOallBNFIOgELAVaINSIBIEN

v

6. lndisosoanogdoua1avaunsogiignaanun

lla:31rs1zAnUSUNUNAIsoS0a

.

7. Wand (decolorizing) na:idnnau (deodorizing) IngUSuda
AWIdunsA-Iua vaunaisasaa fogansa-anglsinaulansonlss

WUVU 5 uasDandaiAununudus vulm -100 Mesh ans1dou
thunudus siondisaseallu 1:4 Ingthndn nouwauTAvaAuRG NN
60-70 auAsaIged dunal 30 Ui
nsauﬁoauhvwomuua:qﬂ|ﬂ§a\1nsouqrynﬁmﬂ AU

v

8. idniunuaa na=th IneglkAusoundonsay
némosaaﬁosqﬂlnéaansoaqryrmmﬂ Ia:3IASHUSUEY ADLUSEANS
WSoUAUSINAANUNWNMENWE NAUVaINAIBoS0a

JUN 1 dslvauansdupeunisyindiweseanulviusanslaeisuen
AIUYANTOIAYEY N

2.4.2.1 mswdsaanuilunsa-uanmnzauiiorndnay
wazlaieulansanlonoanainnaweseanu

Tutuneud 3 waz 4 vesidlvate 2.4.2 Tnewfiunsnda
F3niuduadundigeseadu auflaranudunsawaiivung
aufielviayuazleifeslansonlud ueneonndlwesoanulugy
yeansndunsduaindelnfondamn sieiavudsarnnundy
NIA-LUE 91U 3 A1 AD 1, 2 LAY 3 AIUEIRU

2.4.2.2 nswlsaanudunsa-wanwianzauludunauns
Wonduargandunfiveseanieaiunuiug

Tusupeudl 7 veslslvade 2.4.2 Wudunouvend uay
fdnnduvesndiwesea nasuenayuazloiioulansonlys
maenuAuievudu senuds Taewduduiusiug vune -100
Mesh Snsnausewineauiusiug se ndwesealdu 1:4 lag
Ywedn mudunan 30 undl ﬁqquﬁ 60-70 BaFLALTLE WA
iosnnndlweseadsiinsadaiizinivaeey Jadeardnlnens
Wuansavanslieulansenles pududy 5 wesda el
nsndailtnanazneuluzureundelufeudain yanniiih
fiaanN13AnwINalINNSNEsazanelufeulansenlanazds
NamaNSANATNauYRIIUANTuAUSall Wwsgmnauiugy
Fannznouldisy avasnanluduneudasld dmsuaisuiiag
wusAnanudunse-annsinansazanslaielensenlan

USUeUs9niuN 2 3 4 5 6 way 7 AUaInu

2.4.23 nsAnwNaveInsudsnafifnenisiidntien
nawesea ludunauit 8 vesiluade 2.4.2 ndweseaiiiums
Wond waziidnnay azthanmdniuasiumuealaglining
Sou §i 120 sermwaldva wlsszozanlunisliniudeudu
30 60 90 120 150 180 tag 210 W

2.4.3 MsAnwINsyinaweseanuliusgrslagTBuence
AaaulAsunng W (8] [9]

PINABIaRU 311U 5,000 NSU LINIUATLUIUNITAY
falviaf 1 daudtunauil 1 89 7 91n1u dniuaNuuIgvs
shemadullasunns W sadalvan 2
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thndrsasea 1,000 NS INavlu ABAUVUNAIFULIUAUENA
4.5 IBURAIUASITAIWEND 56 IBURAIUNS
ussydanUarenoduLina-ussriuAUIUs vunA 8x30 Mesh
TuRoALUTATIAYLEY 8 IBURILAS FNTRSISIVEUST
naisasoausanslraoananaaauli

v

tnarsasoa IRUOUALTUSVUIA (8 X30 mesh) §1U9U
Soga: 10 Tnsthnlinvoundrsosoa TiANWSauRaruN)D
120-130 avrnisaided i0unauu 120 Ui
NSAVAIYINSATENSAY Whatman®iuas 1
MMsaIAs:KRMUSLIIAILUSENSNAIsasoa
WSOUNUANINAANUUNNNNENIW NAU &

JUM 2 ddlvauanstuneunisvindweseanulviuiqrslagds
weneneAeaNllATI NN

3.wana:d1sni (Results and Discussion)

a a a av v a =
E‘U‘V] 3 naweseafufiliannszuiunsnanlulediva

3.1 nsAnwIN1sinawaseanulian
a a Y a Q‘
nszudumMskanlulefiwaliuians

3.1.1 NMSANYIBIAUSENBUNABTBARY

Fretheiivindnwidundweseaiuainnssuiu
nsudalulefien veanguiamivYuLaLNIAIAS
WAUINSIUNAUNY 8.NTEIULUY 2.AYNTAIAT
nuIdhegendweseanuiidnuvuziiuveunaidy
viln @ dwandluguil 3 MnranTiAsIERIUTeU
\isuRundiwesoauiansiiuandumsed 3 wuin
ndweseanuivsuiaundweseasiuin Wesdouas
54 wagosduszneudug 1FoUusgunn ndlwesen
auiledalamnsfannllduss lovdlduonannisth
W fudemas wumsunisrannaweseasniy
fodltnaianeneninuasmaaiitnunge taun

msvibilunsa msafadedvhasats Msanazneu wayn1smdn
& Judu Wievilindiwesealalinuuqrbiiuiu

M1979% 3 BeAUIENAUNAWEIBARY ANNTEUIUNISHEnLUTeRWa
A MAIYUBUAYNIAATAAUINAIUNALNY FUNBNTLYALUU F9nIA

dynsans

. . DVAUSzNBURINY (%W/W)

Anowildu [, T, = - z < | -
nsazang dounlij | doun | nalsesea | Guals | 11 | Uua | I

NSA-IUa .

S:Ing | S:Ing dunsg | uoa

a:angluth

7.5-9.0 83 17 54 29 9 816
llazIunuoa

= = Y a . an v o
3.2 ﬂ']iﬁﬂ‘t‘nﬂ']sttﬂﬂﬂﬁWjaiaadhﬂUTGjVIﬁIﬂEl')ﬁLLElﬂﬂ'}!?.l"l!ﬂLﬂiaq
NIa9EYINIA

3.2.1 nswdsaanudunse-waivnzaudiefdnayuay
lodeulansenlanonnain ndlweseadiu (Tuneuil 3 uay 4 vewrilva
19 2.4.2)

NaMsvInassiandlums1ei 4 warnswigui 2 wuiniiananudy
nsa-wawihiy 2 illd nAlweseanidnwala 14 Lifindu Sadu
Amgimnzaniian uaglduiinundweseaudansiuenldan ndlee
soaRugsgAintuiesay 32.60 sevimiin Maldesainiidnarudun
sa-luaniiu 3 femsilayidesginnuasuenesnannaiweseareutie
en VilsidanUuosnuiliiadhmauas lUSinandiveseation dau
fsaudunse-wawhiu 1 iliundweseatindediAnnnuiisen
avifiunaavidestie vilviFesditunoulunmstinindemandsn

a o a o a ¥ a = '
M157497 4 wananansyindwerindwesealiudgnslaenisuusAiaay
Wunsa-walimunzay

AR | 5 nundisosoartiionts ANUUNAO50a
g (Sovazsiothnlin) g nau
1 23.95 (GANE] Tudnau
2 32.60 Taljoa TUdnau
3 14.00 pathma gnau
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1AL

I
ha
n

-

Waundwasearuonls
auazanwlnnaieas

(

o 0.3 1l 13 £ F 3

Arrnlunga-

JUT 4 uansUSnandiweseafiuenlaainndigeseaiuiiisuiumnig
Wunse-a

JUN 5 uansnisuenduveindiwesealun1susu
Aanudunse - Laf 2 sensadaiiasn

3.2.2 mawdsaanuiunsa-aiugaulutuneuns
Wonduagandundiwesearigauiuiug (Juneuil 7 ver
Inade 2.4.2)

NamimmaaaﬁLLam'luﬂﬁwEUﬁ' 6 wanaszuzIaTlun1snn
aynouvessuiutuRSessuAudunsa-uainety 91nn1s
naaenuAAdunsn-uai 2 3 uae 4 wenuiutuiese
asldunuun (100 Mesh) lvalunisanaznau 24 Haluai
fu 1ilesandall H veansedanFnedunn dutuudisgadu
H AR leynavestufiiudndniu yihlimsnnagneu
Fluaniildsinet

Arenudunsawan 5 war 7 Wnarlunisaneznau

' Y] oA A I a %
YBINIEU 18 Tluaviniu Rarsandaanudunsa-wuad 5 149
LAINNALNBUVDIETUNNLIUALRENIINAT 2 3 kay 4 Liadan
1 H" wihsdegyheumavessuiuiudliuswaniulos
anRznausINIT drumanudunsa-wa Wity 7 Fedlandu
nans aufudumiegldnadeenantunisanagneu wsglid

H* wanduldawihdufienaudunsa-wua wiriu 5 o1aiin
313 OH Mnasazaneluiulensenleddiuiuignaadu
Vv uiududuny H vihlieuniaauiududiivsaen
Auddldiaanlumsanaznau wirdunselndiesiuiiAray
& -

Wunsn-tudn 5

a

| A I W v o
AUNAIANULUUNTA-LUE NIAU 6 1°UL'Ja'1u@EJV]ﬁ® 12

q

Yo
P

Fluslunisanaznowaunseislatuniiweseala vieililiosnn
Wie H* deedign Jslinalioyninvesiiuiuiududniulos
nian

20

"[ - LR .
TEUECRINTIRN@ENELOTUNAILA (U}

o 1 ) 3 4 5 4 7 3
anaranfiunia-om

=|' ' LYY
JUT 6 uansszaznantun1sanaznaun AN
Wigufuaraudunsa-wa

3.2.3 AN¥INAYeINISHUTIANNAMBNITAIIAUIN
nAwesea (Tunaun 8 vesdslrats 2.4.2)

wstiunanlunmsidmiannndwesea fisnste 2.4.2.3
NAN1TNARDIIINATTIT 3 Wudn nAigeseaiiiiauuians
Bududesar 79 MnialieudeuiieviniilaefuUsan
1381 30 60 90 120 150 180 wag 210 w1l muaay lael
gumnivindu 120 sarmwalea naoANsMARD NUITIIAT
120 unit fBnaundweseauianianinesosay 89 drduian
LLasqmmﬁﬁmmmmﬁqmiuﬂizmumiﬁu%’mﬁwaaﬂmﬂﬂﬁLezj
930a ABAER 120 W7l siogamgdl 120 esmwaldoa @
Fwnldnandesning wieunnidferlidwaldndwesea
Aavsinuanuuiansiiuiy Sadenldnngi 120 osn
wadeasie 120 udl lunszurumsvintieenainnawesea
Tunsneasndasiely

v
o a

Wilarargegluniiweseadiulvgiinainnszuiunis
Srawdnsasilulefwa Wovsdsansuud suiiazanonile
sanulaglulediwassliazarsirlunszuiunisnsiuied
wesTlady (Tran-esterification) weslasnawelssuderiiiy
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wazluiu drumiueaszgnndussnuisdiundnindunld
TmiSsfindooglundiweseaiutiosinn tdndunilufinain
nsiAdansaranenIadailatn uazansarangluiieslansenlyn
ieusunnglunssuiunsuenniiseseadulivians

A15199 5 wan1suustianlunismanineanainnawesea

thntnisugu | trtngarie .| UsmmAowusans

(nSW) (n§£1) oan (uan) anig (§aaa;)
100 97 30 81

100 92 60 83

100 85 90 87

100 75 120 89

100 73 150 89

100 70 180 89

100 65 210 89

Mg BMsenuuiavisvesnilwesea UjURduieniuiate 2.3

FTIRRL

1
a3
-1

|IEERAE
]

WU BAPLYESE

HURT

n 501 100 150 200

S lurrdy gy cyril

JUN 7 uansUsunaanuuiansveniwesea (Sevas) Weuiunanild
Tun1sindati (undl)

= o = a Y a l-a‘ ad
3.3 msfnwmsvindweseaduliuianslaeisuen
v L !
fAamppaullasuInns A
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The method validation of formaldehyde quantitation in textile

U150 NSNuUSIasIA*

Nart Promrangsan*

UNARED

mMsvadeulSamesinailedludme Mmewmeadalameslosuuudanialasiiinnmiiuasnsinindeedewmsainlalen
915136 MawFoufieg1amINATEIL SO 14184-1 uag ST 2002 Tnsmsaranlefinaileddassanfosdmesetfigamnd
40 samwaiua vinuiisenduansuszneudedeouiu 2,4-dinitrophenylhydrazine Wi meaeuUSnaseedadlamesiasuuy
Faninlasuiinnsv Fmsatadeedewnsiatalalensnseiininuennadu 360 uiluuss Siasialunsasamvedisnadeu
(limit of detection, LOD) winfiu 0.66 fiadnsusenlansu wazidadndalun1simdeUsunu (limit of quantitation, LOQ) winfu
7.6 fiadnSusioRlansu umsneaeunlesinailesludaewiiu 7.6 8 86.8 Tadnsu/Alaniu anunsaveaeuSinamesinailes
Tudmenudorinunvesussmaluanamelsfsimunlidedwinniededidudalnenssiufimds wunosinailadlalsl
wnnd 30 fadnfudedlanty dmsuussmadiuimuslifoidmiudnengtesnt 24 Weununasnadledlaliiuinnd
16 lulpsnsusionsu dwsuidinengunnndi 24 weunulaliunnnda 75 lulasndusiensu nmsmearuldldvesiSneaeulae@ne
@mé’nwmzﬁﬁﬂﬁ@maqmﬂﬁﬂﬁVLﬁLLrimmé'mﬁuﬁ‘L%uﬁu (linearity) Ana1inN159152a%7 (limit of detection, LOD) ndninn15in
1W@aUsunau (limit of quantitation, LOQ) A1ulowLdes (bias) AaTies (precision) NansENUNIeas (matrix effect) uaz
nMsUszanumanalsiiuey nansnaaeuruleudessimdundueglutisiesas 90 s 110 uazmsnsIIaRUANLTIES
fandudsavunasgudiinsiosnindosa 5 doyannnsfnwianalowdssannsaansatunussifiunanszyuain
iloans wuiniEneaeuilifnansynuanileans uaﬂﬁnﬂﬁ%@;ﬂamﬂmﬁwwmm‘[au@muasmmLﬁmmamai%ﬂiwmm
amnuliutueuvemladinanledludmedieiinaaouiine Tnomnuldudusuvesvemosinailasludmetesnindosas 20 7
sedumudeiudeas 95 Taaenndestumanuliuiueuthuing S3iveaeufitauuasasvaeusuldldveizudmuin
wangauiuingUszasdnislion desuftRnisamnsniluldidelfuinmeseumusinamedinaledludmelasimade
Tawesosuuudaainlasuinn s

Abstract

The determination of formaldehyde in textile by high performance liquid chromatographic technique (HPLC) with
diode array detection. The sample was prepared using the standard methods: ISO 14184-1 and ST 2002. Formaldehyde
was extracted with water at 40 °C then reacted with 2,4-dinitrophenylhydrazine to form complex compound, which
has an absorption at 360 nm. The complex was quantitatively determined using HPLC with diode array detector at 360
nm. Limit of detection (LOD) and limit of quantitation (LOQ) were 0.66 and 7.6 mg/kg, respectively. The method gave
linear range at 7.6 to 86.8 mg/kg, which can be accurately used to determine formaldehyde in textile in direct contact
with skin. According to European standard, textile used for children must contain formaldehyde less than 30 me/kg,
and in Japan, for infant (<24 month old) it must be less than 16 ug/g and for children over 24 month old must not be
more than 75 pg/g. The validation of the method was studied using parameters such as linearity, limit of detection,

limit of quantitation, bias, precision, matrix effect and estimation of uncertainty. The recovery was between 90 and 110
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%. The precision, expressed as relative standard deviation (%RSD), was less than 5 %. The matrix effect was evaluated
by the recovery and it was found that this method was not affected by matrix. Both bias and precision were used to
obtain estimation of measurements uncertainty. The expanded uncertainty was not exceeding 20 % with a confidence
level of 95 % which was acceptable for the uncertainty target. Thus the developed and validated method was suitable

to be used for quantitative determination of formaldehyde in textile using high performance liquid chromatography.

Ardfey: vesunadled, Wesinadlenludme, dwme, lasulnnsveavaiiuuaussouyg

Keywords: Formaldehyde, Textile, High-performance liquid chromatography
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1.unun (Introduction)

Wosuadladgninunldlugaamnssudmeriieldvinli
Adeu fudh nsdedduidedn waviduanswmirenisaaly
Wosunadiladazegluguistuves giie-wosunadles waniu-
Wosunadlon 3o Husa-wWesuadlen 153u fsnardniluly

€

venthelagmaauatuudunie Wt medusnazyinlien
asulade uisBunguilazanedilivesinadlenileaglui

FOREEES/ ! R}

angilas nglangluiunemaseuuaziininuduluenieg

Y Y
o

szsliAnnsaanealinlasnailesnniu ednanleddu
ansfvflavanglarluduasiosuea nsduifaanswosinanles
fiflrudututossodondunaiunu WIaANUNTugaluYe
nandugazinavhliAnuzse venanture fnanlendwily
Lﬁﬂmiismmﬁau?jaqm L@iaa;&ﬂ wazmaiumela fiildsdu
ﬁﬂmﬂmm/\la%maﬁl@ﬁﬁiwmqaﬂdwﬁwﬁiﬁizﬁuﬁﬁmi‘mamaé
Huewduszneu mswdssindniauldanunsandaladu iy
dwsudn dildaulanduiamnddaense uazidildauld
Plallgdudaiondddaenss fifinesunanlemdussduszneu
Tuduiiduiaruimllaonssasisunsieunnnindudildle
Surfalaonse wesunanlesludetuonanniinannisaanssh
YousTufinanuuds enaldannsfitnsiui S luideatu
Fifiwesinadiled dunwiaamnsagadunesunailenlsd
Faudohiunldasldnednatlesfitluianunsaaz Uaos
gonanidngimilnuianisseaeifewmiosunsieaudu
wniiald dnsdmuanessuiiennuuaensdmiuyina
Woswnadlasfienanului musnmsgruvesglsy ledvualy
Tilurhdmsuinlaldiiu 30 fadnuseflansu wnsgiuves
Eﬂiﬂm%ﬁa 150 14184-1 [1] Wunsveasunesinailasluds
o waglulszmadUulatinsimuninnsgiu vessemeadu
VAFOUAUNIRTFIU ST-2002 [2] wae Japanese Law 112 (14
Fvaaauniu JIS L 1041) divuanansusidmsuinuazees
wuiniviheneidmiuinengtiosndt 24 feutmudosdls]
iu 16 lulasnsusiensu wavdmiuidinenguinndt 24 ieu 61
wutsdedladiiy 75 lulasnsusensy 38nswSeusiognaniy
BNIINAFOUNINTFINAING T Tnonssasotsdmeduty
En Feshetne 1 vde 2.5 nfu ududinihuseeinlesey 100
fiaddns flgamgdl 40 ssenwaduaiunan 1 Hilus nifu
nedeuUiname sinadlediieglumsazansiiaiald lagnisvin
Ufjfisentiu 2,4-dinitrophenylhydrazine uwiiludadngssuy
Lewasesuuudanialasunlnnsmifidnsnsieinsemaia
uv-vis spectrophotometry Iﬂﬂ*ﬁ'@ﬁﬁm‘ia@ﬂﬁuwﬁul,l,adﬁ
AUENIAAY 360 uluwins eannzvesszuulamesesiand

anlalasannn s laLwINIRINNINIFIUNTT ISO 17226-
1:2008 [3] wauldlaveaisnaasulne@nwinudnvue
fidrfyreanaiai Taunauduiusidudu (inearity) In
190N15953911 (limit of detection, LOD) Iadnfinn15in
WeUTuad (limit of quantitation, LOQ) Aulowde (bias)
AITBS (precision) NANSENUNLTRET (matrix effect)
wazn1suszaaAIAuliLUueY Nan1sesIdeuANulay
WBeslAnAundueagludisdosay 90 At 110 Uarn15RTIIABY
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a3 uaﬂmﬂﬁ%’agaﬂmmsﬁmmmmiamé’mLLasmwmﬁm
annsalduszanamanuliuduouremesinanlenludme
FreiEveaeuiisny Tnemnlivduouveneveadinailes
Tudsetesnindosas 20 fiszduanudeiudesas 95 &
donndastuatmulilwuueutving F93snaaeuiivaun
waznsdeumuldlaveituamuinminganiuingussae
nsldau esufdRnsanusahluldidelviuinmaaeum
Usunamlesinanlenludmelasmedalamesnesuuudanio
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2.38n15399 (Experimental)

2.1 \e3psilauazYaqgunsal
211 wn3eslamesnesuuudaninlasuilnnsin 8%e
Agilent 3u 1200 fin3nmsainviia diode array

detector @nansainAnNsaaniuAduwatiugie 190
014 950 Wlwns

2.1.2 8NUIAIUANYUNYI aUTNAIUANYUNYIT 40 +2
DIATALT

213 1a3pedadve Mettler U AB-204 auazidyn 0.1

o

aansy

2.1.4 ¥INInUSuInS 1nIALe (volumetric flask class A)
UM 10 wag 100 Hadans

2.1.5 Tusn nsawe (buret class A) 9u1m 50 wag 100
A8aNT

bt}

2.1.6 YninU3nng tnsmte (volumetric pipet class A)
YUIARIE
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2.2 @UINTFIU AITLAN UAZDUY)

2.2.1 asuwnsguiandnsddnusadeulelown,
Oxidimetric standard, 99.91 %, Sigma-Aldrich,
Certification report no. 1170/VII4, BAM Berlin

2.2.2 ansagateunsgiunesunduiesas 37 910 Merck
T miumdsuasaraennsguildadnaduld
@ouULiey (standard curve) fiAnanddiu 0.1, 0.2,
0.4, 0.6, 0.8 waz 1.0 fiadnsumedns neuulUldau
AaaANUNTuLIUeY (standardization) Tagnis
InwsaiuansazateuInggIussAUsBlnea ey
Lelawnnlude 2.2.1

2.2.3 asazanennsgiunesunduiosas 37 210 Sigma-
Aldrich lddmiuiisuasazaneuinsgiuiliniu
AUl ULANARULTIEY WAZATUANAMATNHANIS
nndey (spike standard) firdudu 0.4 Sadnsu
sodns nauthlUldnudemanudutusiuou
(standardization) Tasn1slnimsaduaisazane
WnsgIuIsEAUEBalnuwsadeulelawmalude 2.2.1

2.2.4 nsneesneanesn Wty via GR grade

2.2.5 2,4-dinitrophenylhydrazine %ia AR grade, ORLLY
Wuansavanelaeda 0.3 nSuavanslunsmoslnvioan
SNNTY 100 agans

2.2.6 frazarverdlalulensa nsaeviiead (HPLC

grade)
2.2.7 husAnnleseu (deionized water)
2.2.8 frogreinitlifinlosinadles faduiudng
2.2.9 ¢lass microfiber ﬁﬁ‘ummgmu 1.2 lupseou

2.3 mswmseudulfsaauiieu

2.3.1 Ypansavasunmsgrunesinanledaduvinuiain
U311915 119 10 $adans Mkeaututu 01, 0.2, 0.4,
0.6,0.8 ua 1 fladnSusedns antuinesdlnlulns
a 4 iadans, a15azane 2,4-dinitrophenylhydrazine
(#0 2.2.5) 0.5 Tadans wdnfvUsenlooouauds
IaUsuAg

233 \ivansazanglilunda 1 Falus wdthludadhgszuu
lawaswasuuudaninlasuln ns1il Tnedinnsusu

a@ne (condition) NMsnedauvBLASRIlaNasNEs
LUUTAAINLATUNNNTINAIUANTIN 1

f15199 1 P15USUEN1E (condition) vauasaslawasuasuuu

FanInlasulnnw
$19M1S dn19: (condition)
Aoauu Zorbax eclipse C-18: 150 x 4.6 Jaalugs,
vumaunA 3.5 Tupsa,
9ruMNLou 40 avrmisalged
wWalndoun o-8lnlulnsd:h 60:40,

dnsNslka 1.0 0aaanssiounn

dsumsmsdnaisa:ang | 20 llnsans

Tnlononsd (diode array): 5ﬂmmSQﬂﬂ§Uﬁ
AWE9AZU 360 UNTUIUAS

N1SASIIA

2.4 Bnmedeudiegrsdmadiendaslomainasuuy
Fandnlasunlnnsn
2.4.1 Fesegein Temdutudng min 2.5 ndu ldadu
IN3LOLAUAYLIA 250 Haaans

2.4.2 uihuseannlesauadluuingielaud 100 Jaaans

'
a

Uneh iy udldudaslugnahnivaugumgin

Y

40 e wadea 1Wunal 1 Falua

2.4.3 N599E158¥A1891nT0 2.3.2 18 glass microfiber
Tilsansazate 5 Jagans adluvanirinusuing
3ua 10 fadans antuduerdlalules 4 fadans,
a13azany 2,4-dinitrophenylhydrazine 0.5 dadans
wEduiUsenleseuauieTnUsinns

2.4.4 \ivansazaede 2.3.2 Tuiilald 1 $2lue wdiiluda
whgszuulawmesnesuuudaaia lasinlnns il Usu
ANITVDUATDIEDANUAITIN 1

2.4.5 ANUUTUVDINDSUAR baR LusBe198n Aulalle
NAUNTT

- ¢ A 6 ma v i A CxDxV
USunamlesunantes @aansusenlansy) = ———

dlo € = mududuvesansazanssognssnuldaindula
NsEOUWIBU (Haansumodns)
D = wilnmesENs U019
W = twindnegs (n3w)
V = Ysumsisudu @addns) Tunisada
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M19199 2 AUANBALIANITYRIITNAFDY

WSWINOS

ANUAUWUSIBUIAU (DaanSumoans) 0.1 —1.0

¥nF1NANSASoInT (DaanSusionlansu) 0.66

VRNANSIABIUSUINU (Daansusianlansy) 7.6

goumsldvu (Daansusionlansy) 7.6 — 86.8

AFunau (Soga:) 90

.0-110.0

ANUINEY ($08a:vaYdIUITENILULINSTIUAUWNS) 10.0

wans:nugnitioans D

ANulUIbuauveng (3

oga:) 7.5

= v gy = & da v v
UM 1 uldamsaauiiisusendnteiuinnuazaududuves
ansazareuInsgIunasunanlan

25000000

15000000

10000030

JUN 2 neuansaaduusBudy Ienagauransznuan

&
LUdET
300.00000
250.00000
y = 228.45624x+ 1.29331
1=

200.00000 R?=0.99997 .

3 150.00000 -
-
10000000 &
50.00000 -
-~
0.00000 4
0 0.2 0.4 0.6 0.8

ardduriatunfled, Sadnfudeioe

A15197 3 unasvesanuldutuouny

IndvAtnWIbNtuau | AUSWru | Anpowlunduau | ArpgWIntUaU
(X) UIRSTU (u(x)) | UINSTIUAUWNS
(u(x)/x)
purity of potassium 0.9991 0.0001960 0.000196
iodate
AWlouIdey (bias) 1.017 0.0333 0.03271
AMUIAEN (precision) - - 0.0187

3.wana:391sni (Results and Discussion)

3.1 AUANYUZINIZUDIIBNAGDU ANUANSIST 2 @717150
1 35nedaulUlnngou Nesuiantentudma sy
WnsgruvesUsEwAglsULasUseinadgdu

32 nsAnwmansgnuaniileans awugui 2 ladinis
Wuwesunanlan nnsiuanutuduadlud 19ty d
NOSUAR bEM NAABUIINIU 9 ASI VBILARTAINULUY

Tu lerAunau asulunisnd 4

= P o s v v '
A191991 4 dgUA1AUNAY (Rs) UBNYNAMUVNVUKAZAIAIN
laiuriuauvad Rs (u(Rs))

S:AUANL | NSLASTIUAIAL | AJUNLVUIDAY | AAUNAU (Rs)
nuvu (Daansusioans) | (JaanSusaans)
1 0.09 0.0900 1.064
2 0.19 0.1905 1.013
3 0.86 0.8564 0.985
4 217 2.1696 1.008
Rs 1039 1.017
u(Rs) 0.0333

o W

negeuANLiudRlngldaifinadou t (t-test)

o

1-R; |
u(Ry)

= |1-1.017)/0.0333

t =

cal

= 0.51051
=2.306, 0l=0.05,n=9

crit

o

uansInsvaaeuliiitedfy

PnmsvadeuauiiteddyvesmAundundsvattanis
R Fadunsfuansinsgurlesnadladlinsounguiag
5¥m (MagUil 2) wuh t <t SeduABmanaaeuilidnan
FENUIINUYIING

www.dss.go.th

93



94

3.3 msmuwuAauliviueu IneRsNLEIAIAINY
laikdueu 90 purity U89 @15UINTFIUIEAUDNBA
Tnusaeulalann Arrulaudes (bias) wagAIw
a .. PN v o °
171 (precision) wamslumns1e9 3 waglatunmuim
& o o X
Wuauldwdueusiy (u) Aell

C

2 2

u u(P u(X

hadel — ( ) +M(R)2 + ( )

C P X
We C = anudutuvaslasunadlan, Jadnsuseilansy
u(P) - y

= AU LU UUBUINNNITNAFBUAIULAEN
uR) = amenuldstusuannsnageuANNlouLd e

u ' o o Y a
= ﬂ’lm’mlmLLuuawiJaﬂmimmgﬂmaqmaaq

X Tnunawdey tolowms

Ue  _~/0.0187% +0.03271% +0.000196>
C

= 0.03768
uC = 0.03768C

AW A ldudueuuens (U)
U =k x uc

= 2x0.03768C  Timnuidesiu 95%

= 0.075C
ysaauluntueuveny (Sevay) 7.5

4.asU (Conclusion)

AsANEITuanIdsuansdsnnsiauIEnadounasun
arlerludme Tnawadalawesnasuuudandalasulnns i
Iansraaeunnuldlivedinnaeunesinanlasludmelagnis
ATIvERUAMANYLANIEAN IkAANNduRuSZudy Tn
NANITNTINNN FATAANITIATIUTUIAL B2anT5LE9U A
Towdus Adios uavnannsenuaniioans waynsusvana
Araulduiuoy Wuldmunasinisseusufismun wansi
Wneaouil wanefumslinuauinguszasd Tasdaiam
Liudusuvengeglunausiamanuliduiuswdmuneg (Sovas
20) awnsalfidudeyaduduliodied ?Naqﬂiﬁ*iﬁ%‘maauﬁ
Hrunsesaaeunuldlavediineaeunesunanlenludme
anansahunliuinisgnanla
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The development of soil quality using biochar amendment from agricultural waste.
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Abstract

The development of highland soil quality using biochar amendment from agricultural waste was aimed to utilize
the use of agricultural biomass as the substitution of chemical in agricultural fields. The experiment was conducted
by pyrolysis biochar from durian shell, banana peel, and macadamia shell at low temperature (< 400 degree celcius)
using Anila stove type gasifier. The biochar obtained in this study had the pH in the range of 7-10 depend on the type
of raw materials. Each type of biochar was added to the highland soil from Phuruea, Loei Province, Thailand to study
the liming effect. It was found that the 5% wt addition of biochar increased the pH of soil from 6 to 7, and biochar
treated soil had more stability than the lime treatment at the same application rate. Moreover, the 5%wt of biochars
were then added to the olive tree experiment plot at the Highland Agriculture Research and Development Center,
Phuruea, Loei Province. After a year of application, the soil was collected and characterized. The results showed that
the biochar application increased the pH of the soil to neutral range and also significantly increased the moisture,

organic matter and potassium in soil in compared with non-treated soil.
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1.Introduction

Biochar application for soil management has been
studied worldwide due to its multiple advantages from
soil physical and chemical properties improvement to
carbon sequestration in the soil [1]. Biochar from varieties
of agricultural residues has been studied such as wood
chip, rice husk, rice straw, and bagasse. Several studies
showed that biochar amendment helped to increase the
pH of acidic soil, and water retention of the soil [2]. Also
biochar can provide the long term carbon sequestration in
the soil which improves the fertility and also limited the
amount of green house gases released from the soil [3,
4]. The physical and chemical properties of biochar were
widely reported depending on the type of raw materials
and charring temperature. At high charring temperature,
the biochar would have low volatile matters and low
pH value, vice versa [5, 6]. The biochar produced at low
charring temperature would display high pH which can be
a lime substitute in acidic soil treatment [6, 7]. For the soil
fertility aspect, the biochar had shown enrichment in major
plant nutrients such as K, P, and Ca. More over the addition
of biochar into soil could increase the N-use efficiency by
retaining N fertilizer within itself which helped to reduce
the NZO emission from soil [2]. Due to the physical porous
nature of the biochar, the soil water holding capacity also
increased after the application which benefited the soil
nutrition by increasing soil solution mobile elements [2,
8]. Moreover, the fixed carbon in biochars provide the
inert C content in soil that had strong resistant to the
decomposition which allowed the biochar to have the

long-term benefit after application [9, 10].

In this study, the effect of biochars from the local
available biomass pyrolyzed at low temperature (< 400
degree celcius) in the Northeastern highland soil was
investigated. The objectives of this study were to determine
the different chemical and physical characterization of
biochar from durian shell, banana peel, and macadamia.
The effect of biochar amendment on soil chemical and
physical properties were also studied especially their

liming effect.

2.Materials and Methods

Soil and Biochar Preparation

Soil was randomly collected from 20 sites at Highland
Agriculture Research and Development Center, Phuruea,
Loei Province, Thailand. Soil from each site was oven
dried to completely remove the humidity according to
activated carbon standard method (ASTM D2867-04, 140
degree Celsius, 3 hours). Soil samples were then stored
in an airtight plastic bag at room temperature for further

experiments.

Biochars were produced from three crop residues,
durian shell (DB), banana peel (BB), and macadamia nut
shell (MB). The durian shell and the banana peel were
randomly collected from local fruit stand at Department
of Science Service, Bangkok, Thailand. The macadamia nut
shell was collected from Highland Agriculture Research and
Development Center, Phuruea, Loei Province, Thailand. The
durian shell and the banana peel samples were sundried
for at least 1 week, then stored at room temperature. All
three residues were then pyrolysed separately using the
“Anila” stove gasifier at low temperature (less than 400
degree Celsius). Each type of biochar was ground and
passed through a 50-mesh sieve. The sieved biochars were
oven dried at the same condition as the soil (140 degree
Celsius, 3 hours) before stored in an airtight plastic bag at

room temperature for further experiment.

Soil incubation

The soil sampling was conducted by collecting soil
samples from 20 sites of Highland Agriculture Research
and Development Center and mixed together to achieve
the homogenous batch for incubation experiment. Five
replicates of soil samples was amended with biochar or
lime at 5 and 10 %wt. Soil without amendment was served
as the control. A 400 grams of mixtures were placed in
plastic bag (6X9 inch). A 100 ml of deionized water was then
added to adjust the humidity of the mixture to be 20%.
The plastic bags with the mixture were sealed and placed
in an airtight container. The humidity of the mixture was

monitored through digital hygro-/thermometer (Brannan).
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The mixtures were incubated at room temperature
and subsampled every week for 18 weeks. At
each sampling time, the mixture was shaken for
10 minutes and then taken from each bags for the

pH measurement.

Olive tree field trial

Each type of 5% wt biochars was randomly
amended into the soil of olive tree experimental
plot at Highland Agriculture Research and
Development Center, Phuruea, Loei Provincer. After
12 months, the soil at each plot was sampled and

brought back to the laboratory for further analysis.

Soil and Biochar Characterization

The volatile matters, fixed carbon, and
ashes content of the biochars produced were
characterized following standard methods of
ASTM D 3174, ASTM D 3175 and ASTM D 3172.
The chemical compositions of all biochars were
analyzed using X-ray fluorescence (XRF, Fisons,
ARL8410). The total nitrogen content of the
soil and biochar samples was determined using
Kjeldahl nitrogen digestion method. The available
phosphorus and available potassium of samples
were determined using Bray Il methods and the
flame photometry methods (Department of
Land Development soil analysis handbook, [12]
respectively. The moister content and pH were
characterized following the methods from the soil
analysis method handbook, Department of Land
Development [12]. The C/N ratio of the sample was
calculated using the following equation; C/N ratio

= (% total carbon) / (% total nitrogen).

Statistical analysis

For each experiment, five replicates of samples
were collected randomly from the batch and
used to calculate the mean value and standard
deviation. The results were statistically analyzed
using the t-test with p < 0.05 to determine the

differences between each set of data.

3.Result and Discussion

Biochar Characterization

The properties of biochars from durian shell (DB), banana peel
(BB) and macadamia shell (MB) were shown in Table 1. The results
showed that DB and BB were strong base whereas MB was neutral.
The differences of the moisture contents could predict the porosity
on the surface of the biochars. The higher percentage of moisture
contributed to the higher surface porosity of the biochars due to
the capillary conduction of liquid [13]. The volatile matter value
indicated the amount of tars and combustible gases in the char
[14]. The amount of ash showed the inorganic and non combustible
substances in the char which the composition was also thoroughly

investigated using XRF as shown in Table 2.

The XRF result showed that the ashes from DB and BB had high
percentage of KO, MgO, and Ca0. These chemical compositions
could induce the high pH value of DB and BB because the K, Mg*,
and Ca”" cations on the surface of the chars coupling with H,Oon
the surface [11]. While the pH of MB was neutral because of its
low ash percentage and high value of fixed carbon, but the MB ash
also contained high amount of KO and other minor elements (ex.

MgO, FeZOB, and AlZO3) which benefit to plant as well.

Table 1. Chemical and physical characterization of biochars
from durian shell (DB), banana peel (BB), and macadamia (MB)

Durian Shell Banana Peel | Macadamia Shell

Biochar (DB) Biochar (BB) Biochar (MB)
pH 9.63+0.01 10.08+0.01 6.90+0.05
Moisture (%) 7.37+0.12 7.07+0.10 4.76+0.03
Volatile Matter (%) 5.74+0.06 14.28+0.18 1.59+0.04
Ash (%) 10.75+0.26 14.67+0.08 0.84+0.01
Organic Matter (%) 5.37+0.06 3.98+0.29 1.17+0.04
Fixed Carbon (%) 76.18+0.18 63.71+0.19 92.76+0.06
Total Nitrogen (%) 1.89:0.01 1.49:0.01 0.52+0.01
C/N ratio 41.95+0.02 44.30+0.32 179.69+0.01
Available Potassium (%) 3.59+0.10 5.60+0.30 0.23+0.02
Avallable Phosphorus 14.42+0.23 8.62+0.13 0
(mg/kg)
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Figure 1. The liming effect of lime and biochars from durian shell (DB), banana peel (BB), and macadamia (MB) on
Phureau Soil at the rate of (a) 5% wt and (b) 10% wt.
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Table 2. The Chemical composition of
biochar ashes from durian shell (DB),
banana peel (BB), and macadamia (MB)

% by weight
Chemical Composition

DB BB MB
K20 58.81 25.36 | 23.52
MgO 11.99 | 175 5.2
P205 11.21 4.08 2.65
Ca0 8.07 17.25 9.63
Si02 4.08 28.59 17.69
S03 2.85 2.23 4.61
Na20 1.37 0.67 3.16
Fe203 0.95 1.61 25.86
Cl 0.78 0.08 0.77
Al203 0.5 1.48 4.64
MnO 0.13 0.72 0.76
NiO 0.1 0.03 0.17
Cu0 0.09 0.05 0.34
Cr203 0.08 - 0.56
Tio2 - 0.19 0.43

Ba0 - 0.15 -

Zr02 - 0.02 -

From the soil incubation experiment,
the results showed that the DB and BB
amendment on soil increased the pH to
the range of 6-7.5 while the lime addition
changed the pH of soil to strong basic (pH
>10) (Figure 1.). The addition of DB increased
the pH of the soil to the neutral range and
stable of 18 weeks. The addition of BB at the
selected rate (5 and 10% wt) shifted the soil

pH to the 8-9 value due to the BB’s high pH value. The MB could also
increase the pH of the soil for 6-8 weeks, afterward the pH reduced
to the same range of control due to MB’s low % ash which resulted
in low inorganic content (K, P, Mg, Ca) that could couple the H" ion of
the acid soil. Whereas, the lime addition at 5-10% wt increased the
soil pH to the strong base which was not the desired value for plant
growth. Also, the long-term lime application on soil increased the soil
jonic strength causing the electrical double layer compression and led
to soil flocculation. [15] The pH of the soil with application of biochars
showed more stability than the application of lime at the low rate
(5% wt). Therefore, 5% wt biochar was selected for applying into the

soil of the olive tree field.

Each type of 5% wt biochars was applied into the olive tree field.
The soil was sampled a year after the biochar application date and
analyzed moisture, pH, organic matter, and NPK concentration. The
results show in Figure 2-5. The results were statistically analyzed
using the t-test with p < 0.05. It appeared that all three biochars (DB,
BB, and MB) addition to soil significantly increased the % moisture, %
organic matter and K which related to the biochars properties analyzed
in Table 1. The addition of biochar increased the moisture content of
the soil by holding the water inside its pores which delayed the water
evaporation process from the soil [13]. Only BB effectively increased
the pH of the soil with statistical significant (p =0.035) due to the high
ash value and the alkalinity of the chars. However, the amount of N, P

and K of the soil did not significantly change with the biochar addition.

Figure 2. The effect of biochar addition on the moisture of soil.
Biochars from durian shell (DB), banana peel (BB), and macadamia
(MB) were added into the soil of olive tree experimental plot for 12

months.
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Figure 3. The effect of biochar addition on the pH of soil. Biochars from durian shell (DB),
banana peel (BB), and macadamia (MB) were added into the soil of
olive tree experimental plot for 12 months.
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Figure 4. The effect of biochar addition on the organic matter of soil. Biochars
from durian shell (DB), banana peel (BB), and macadamia (MB) were added into
the soil of olive tree experimental plot for 12 months.
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Figure 5. The effect of biochar addition on the NPK of soil. Biochars from durian shell (DB),
banana peel (BB), and macadamia (MB) were added into the soil of
olive tree experimental plot for 12 months.
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4.Conclusion

The chemical and physical properties of biochar were dependent with the type of raw materials. In
this study, it was found that the DB and BB had high ashes contents with the large amount of inorganic
compound in the char. The ashes content of DB and BB contained high value of K, Mg, Ca, P which are the
nutrients benefit the plant growth. This also influenced to the alkalinity of the biochar (pH > 7). MB had
a neutral pH, contained highest amount of fixed carbon and lowest ashes. The study showed that the BB
and DB had promising potential of being lime substitute for acid soil treatment, due to the high alkalinity
of the biochar. After a year of biochar amendment to the soil of olive tree field, the addition of both DB
and BB increased the soil pH, moisture content, organic matter, and potassium content. Therefore, the
further studies on the proper rate of application of biochars for different crops production around the

Northeastern highland soil, and the plant growth should be necessary to investigate.
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1. Microstructural Analysis of Poly(ethylene-co-propylene-co-1-butene) terpolymers by Multidimensional NMR
Spectroscopy
Anuttra Nuamthanom and Phusadee Sandee

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 (gHMBC), 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

Keywords: Multidimensional NMR spectroscopy, Poly(ethylene-co-propylene-co-1-butene)

2. Method for determination of phthalate contents in PVC plastic toys using gas chromatography/mass spectrometry
Woraprapa Sriyota and Duangnapa Suwan

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.

Keywords: Phthalates, Gas chromatography/ mass spectrometry, Toys

3. Method validation for determination of lead and cadmium in natural water using flame atomic absorption spectrometry
(FAAS)
Angwara Poolkasem and Neeranart Changthong

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'1 and 0.02- 0.5 mgL'w, the detection limits were 0.02 and 0.005 mgL'1, and the limits of
quantitation were 0.1 mgL'1 and 0.02 mgL'ﬂ, 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 percentage 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.
Keywords: Cadmium, Flame atomic absorption spectrometry, Lead, Natural water



4. A study of the effect of outdoor exposure on the impact strength of plastics
Siriwan Mingbunjerdsuk

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 their impact 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.

Keywords: Impact strength, Outdoor exposure, Plastic, Polycarbonate, Poly(acrylonitrile-butadiene-styrene)

5. Batch Modification for Glass Melting Energy Reduction
Ekarat Meechoovas, Kanit Tapasa and Tepiwan Jitwatcharakomol

Abstract

Soda-lime silicate glass is produced from the commercial batch composing of sand (SiO,), soda ash (Na,CO,),
dolomite (CaMg(CO,),) and alumina (Al,O,). The batch modification is done by replacing wollastonite (CaSiO,) with
magnesium oxide (MgO), and potassium feldspar (KAISi,O,)or pyrophyllite (ALSi,O,,(OH),) with alumina. From
thermodynamic 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.

Keywords: Glass, Glass melting , Energy reduction

6. Sol gel synthesis ofTEOS-SiO,-PDMS hydrophobic film for ceramic coating
Thidarat Proedkaew, Lada Punsukmtana, Sutham Srilomsuk and Vararee Bangluang

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 or400° 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 oron the uneven one were showing different results.
Keywords: Hydrophobic, PDMS, Sol gel, Abrasion

7. Development of Cordierite Ceramic Cookware
Wanna T.saengchantra, Lada Punsukmtana and Pranee Junlar

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 expansion glaze, 2.61 x10°/°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.

Keywords: Ceramic, Cookware, Flameware, Cordierite, Low expansion body



8. To produce standard fluorescence reference paper for calibration of brightness tester
Poovadee Tuchinda

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 brightness tester according to 1ISO 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.
Keywords: Standard reference paper, Brightness, I1SO, Optical Properties Authorized Laboratories (OPALs)

9. The Water Quality Survey of Mae Chan Basin at Chiang Rai Province
Waraporn Kitchainukul, Tepwitoon Thongsri, Natawan Thipvisaid, Wasan Tirapitayanon, Kanya Muangkaew,

Jirachatr Srisane and Veerapat Thonganan

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 limit is 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.

Keywords: Water quality survey, Mae-Chan Basin, Chiang Rai

10. The effect of solvent on antimicrobial activity of medicinal plant extraction
Jaravee Sukprasert and Subongkoch Subtaeng

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. Furthermore, the extract of Punica granatum Linn. were tested for the Minimum
Inhibitory Concentration (MIC) using there 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 test for the Minimum Bactericidal Concentration
(MBC) were 128, 64 and 8 mg/ml, respectively.
Keywords: Antimicrobial activity, Medicinal plant extraction, Solvent



11. A Study on the method comparison of rice sample preparation for inorganic arsenic analysis
Savarin Sinaviwat and Nongnuch Mayteeyonpiriya

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.
Keywords: Rice, Inorganic arsenic, Organic arsenic, Speciation

12. Facial scrub cream contained ginger-enzyme
Jiraporn Burakorn, Subongkoch Subtaeng, Jitrekha Tongmanee and Srisomporn Preeprem

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 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.
Keywords: Ginger protease, Scrub cream, Zingiberofficinale

13. The Development of Durian Shell Biochar as a Nutrition Enrichment Medium for Agricultural Purpose : Part 1
Chemical and Physical Characterization
Saijit Daosukho, Arun Kongkeaw and Urawan Oengeaw

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 ym and iodine number of 202.32 mg/g which showed higher porosity than the other biochars in this study.
Keywords: Biochar, Durian shell biochar, Nutrition enrichment, Planting media



14. Banana Cider production
Wannadee Mahannopkul, Khanittha Inprasit, Piti Kalthiyanant and Panyot Mongkolchat

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 Saccharomyces 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 (P>0.05) for alcohol
and sugar change during fermentation. 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 filter
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 cider
; 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.
Keywords: Banana, Cider production

15. Robot Boat for Environmental Data Collection
Pasan Kulvanit, Suradej Surattisak and Pradya Prempraneerach

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.

Keywords: Robot boat, Field mobile robot, Field data collection, Autonomous waypoints tracking, GPS navigation
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1. A physical properties study of porous ceramics for the development of the fragrance ceramic
Lada Punsukmtana, Inthira Markhapattanasin and Vararee Bangluang

Abstract

The physical properties of porous ceramics developing from alumina added in porcelain commercial bodies were
studied. The physical properties as water absorption, shrinkage, absorption length, and water evaporation rate were
evaluated. It was found that the developing body after firing at 1200°C and 1230°C had water absorption and the
shrinkage in the range of 3.25-3.35% and 12.00-12.84 % consecutively. Their water absorption lengths were about 90 and
80 millimeters consecutively. The evaporation rate agreed with the water absorption property and was found to vary with
the firing temperatures and thickness of the samples. At the thickness of 1-2 millimeters, the evaporation rate was in the
range of 0.11-0.46 Mg/mmz/sec. A development of the fragrance ceramic products from the 2 % alumina added
experimental body fried at 1200°C was found its ability to absorb the liquid at a certain level and to release the fragrance.

Keywords: Ceramics, Porous ceramics, Ceramic fragrances

2. A synthesis of cordierite from aluminium slag

Pranee Junlar, Wanna T.saengechantara and Sansanee Rugthaicharoencheep

Abstract

This research focused on the synthesis of cordierite from aluminum slag to produce kiln furniture. The
compositions based on an industrial Al-rich sludge, kaolin, ball clay, talc, and quartz at sintering temperatures of 1250,
1280, and 1300 °C. The properties of synthesized cordierite, namely phase compositions by means of X-ray diffraction
(XRD), physical properties, strength (Modulus of Rupture), and thermal expansion coefficient were evaluated. The XRD
analysis confirmed that the major phase of sample synthesized at 1300 °C was cordierite. The sample had firing
shrinkage between 8.1-9.9%, water absorption in the range of 13.8-16.8%, density (Bulk density) between 1.80-1.88
g/cmS, strength between 20.7-22.7 MPa, and thermal expansion coefficient in the range of 3.199-3.694 x 10% °C. In
addition, the composition with the highest cordierite phase and strength were selected to form a V-shape, 5 cm high kiln
furniture prototype using a slip casting method.

Keywords: Aluminium slag, Cordierite, Refractory

3. Pretreatment of corn husk and coconut husk using ionic liquid to enhance glucose recovery
Watcharee Katinonkul and Jenjira Phuriragpitikhon

Abstract

The study demonstrates the ionic liquid pretreatment for lignocellulosic materials like corn husk and coconut husk in order to
optimize the vyield of glucose recovery. Two ionic liquids: 1-butyl-3-methylimidazolium chloride (BmimCl) and 1-ethyl-3-
methylimidazolium acetate (EmimOAc) were studied. The pretreated materials were enzymatically hydrolyzed using Celluclast 1.5L
and Novozymes 188. It was found that the optimum pretreatment condition for corn husk and coconut husk were accomplished
using EmimOACc at the temperature of 130°C and duration of 2 hours, resulted in the maximum glucose recovery at 68.2 and 62.8%,
respectively. In addition, using ionic liquid pretreatment could decrease the lignin content in corn husk and coconut husk structures
for 9.2 and 14.6%, respectively.
Keywords: Lignocellulosic materials, Pretreatment, lonic liquid, Enzymatic hydrolysis

4. Adsorption of mercury contaminated synthetic water by fly ash from coal fired power plant
Waraporn Kitchainukul

Abstract

Fly ash from the coal fired power plant can be applied to many methods of solid waste disposal such as
solidification, used as combined material in constriction industries and etc. The adsorption equilibrium was reached after
9 6 hours. The adsorption capacity of the fly ash for Hg (Il) was found to be 3.5 mg g-1 of dry ash. The absorption
isotherms with pH from 7.0 to 8.0 and used 10 g of fly ash per 1 | of initial Hg concentration were the optimize condition.
The leaching test of mercury bond fly ash is lower than legal concentration (less than 2 mg/l). The results indicated that fly
ash from coal fired power plant can be used to stabilize low concentration of mercury in aguatic condition.
Keywords: Mercury, Fly ash, Adsorption



5. Method validation for determination of chromium, nickel, manganese, molybdenum, silicon, carbon, phosphorous and
sulfur in stainless steel using spark emission spectrometry
Wandee Luesaiwong and Vannapa Tanyuenyoung

Abstract

Stainless steel is iron alloy which is widely used to produce a variety of consumer products. Analysis of chemical
compositions which can be used as complementary information to consider type of stainless steel can be performed by
standard test method for Atomic Emission Vacuum Spectrometric Analysis of Stainless Steel by Point-to-Plane Excitation
Technique. E 1086-08 in Annual book of ASTM standard [1]. To use this standard test method in testing laboratory, it is
necessary that the laboratory has to validate this test method according to the requirement of ISO/IEC 17025 to evaluate if
the validated method is fit for intended use. Method validation for the determination of chromium, nickel, manganese,
molybdenum, silicon, carbon, phosphorous and sulfur in stainless steel using spark emission spectrometry technique can
be done through proofing of certain performance characteristics which are limit of detection (LOD), limit of quantitation
(LOQ), working range, bias, precision and drift (or long-term stability). Then information obtained from the method
validation can be used to assess competence of the laboratory and to estimate measurement of uncertainty of the
method. It was found that LODs and LOQs of trace elements (Si, C, P and S) in stainless steel are less than 12 and 61
ppm. For bias study recoveries of eight elements were 92 — 105 %, while relative standard deviations from precision
study of these elements were less than 8 %. The expanded uncertainties of eight elements, at the confidence level of 95
%, by this method were less than 20 % which is the maximum target uncertainty. Therefore this validated method is fit for
intended use.
Keywords: Method validation, Spark emission spectrometry, Stainless steel

6. A comparison of the amount of AOX in effluent before entering and after leaving wastewater treatment system in pulp
and paper mills in Thailand
Poovadee Tuchinda and Korpong Hongsri

Abstract

Pulp and paper industry is one of the leading industries that has a high impact on environment, especially effluent
from the bleaching process using chlorine and its compounds. The byproducts from this bleaching process are AOXs
(Adsorbable organic halogen) which are very toxic, persistency and bioaccumulation. Over 80 percent of pulp and paper
mills in Thailand use chlorine and its compounds as main chemicals in bleaching process, therefore, the objective of this
research was to analyse the amount of AOX produced from the bleaching process in effluent before entering and after
leaving wastewater treatment system and then compare those results. Effluent samples were collected from all 5 pulp
mills in Thailand every 3 month for 3 years (2009-2011). It was found that, where using chlorine dioxide as the main
bleaching chemical, there was more amount of AOX in the effluent from the pulp mills using eucalyptus as raw material
than in the effluent from the pulp mills using bagasse as raw material. For those pulp mills using eucalyptus as raw
material, there was more amount of AOX in the effluent from pulp mills using chlorine as the the main bleaching chemical
than in the effluent from pulp mills using chlorine dioxide as the the main bleaching chemical. Season and rainfall had no
effect on the amount of AOX in the effluent samples. It was also found that the amount of AOX in effluent decreased after
leaving wastewater treatment system. The Thai Green Label had used the data from this research to modify its standard
for paper products in 2011.
Keywords: Effluent, Adsorbable Organic Halogen, AOX, Pulp and paper mills

7. The development of laboratory safety management in metals and trace elements testing laboratory
Paweena Kreunin, Duangkamol Chaosrimud and Benchaporn Borisuthi

Abstract

Currently, the development in the capacity of laboratories in Thailand evolves very rapidly resulting in higher risks
and adversely health impacts to laboratory workers. However, it is the fact that Thailand does not have acts, regulations or
decrees issued to directly help the safety management in laboratories. The study aims to generate recommendations with
practical approaches to improve safety management for laboratories of the Department of Science Service (DSS). In this
study, the metal and trace elements testing laboratory is selected for study. The use of this laboratory as a pilot laboratory
is suitable in term of its functionality and old laboratory design similar to most laboratories in DSS. Moreover, the pilot
laboratory does not have systematic safety management although it has been accredited for ISO/IEC 17025. The
development of laboratory safety management guideline in this study is determined to provide recommendations to
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establish good laboratory safety practices that are proper for use in the chemical testing laboratories in DSS. The safety
assessment of the pilot laboratory shows an increasing of better safety management. The audits show improving of safety
management from 29.6% to 49.6% within 4 months and to 60.7% within 12 months. The results of this study provide
practical safety management example and can be used as a guideline for other DSS laboratories to develop effective
safety management as well.

Keywords: Laboratory safety, Pilot laboratory, Safety

8. Rubber gloves for food industry: Risk from contamination of heavy metals
Orawan Pinprayoon and Kannika Butaek

Abstract

The risk of heavy metal contamination from using rubber gloves infood industry was evaluated by determination of five
heavy metals, namely lead, cadmium, chromium, arsenic and zinc, using extraction technique and followed by inductively
couple plasma optical emission spectroscopy (ICP-OES). Twenty one glove samples, including fourteen natural rubber gloves
and seven nitrile rubber gloves, were studied. Gloves specimens were extracted in a 4%acetic acid solution at 40°C for 10
minutes and the extracted solutions were measured for lead, cadmium, chromium, arsenic and zinc contents. The results
showed that there were no lead, cadmium, chromium and arsenic in the acetic acid solutions. However, zinc was detected
and the average levels were found to be 4 mg/land 2.7 mg/l for natural rubber gloves and nitrile rubber gloves, respectively.
According to the WHO, despite a slightly high level of zinc in 5 samples (above WHO'’s recommendation level of 5.0 mg/l),
these zinc levels were considered post no risk for human health. Therefore, the use of both natural rubber gloves and nitrile
rubber gloves in food industry in a normal condition at not more than 40degreesCelsiushas a little risk of the heavy metal
contamination.

Keywords: Contamination, Rubber gloves, Food industry, Heavy metals

9. Proficiency testing: Aerobic plate count in starch
Raviwan Artsamang, Sukanya Pondet and Pochaman Tagheen

Abstract

Proficiency testing program: Aerobic plate count in starch for year 2013, there were 140 laboratories participated
and all test results were accepted. Sample used in this program was starch which was tested for homogeneity before
sending and confirmed stability until the last day that participants were allowed to test. Evaluation of laboratories was
conducted by using assigned value derived from robust average of participants calculated by Algorithm A following ISO

A
13528:2005. The standard deviation for proficiency assessment, O p was set at 0.5 log cfu/g from expert judgments.

Laboratories who have | z | score <2 are satisfactory, and 2 < |z| < 3 are questionable while those who have |z |
score = 3 are outlier. For this program, it was found that laboratories who have score <2 are 929 %, those who have
2 <|z| < 3 are 57 %and |z|score 23 are 1.4.

Keywords: Aerobic plate count, Starch, Proficiency testing

10. The effect of matrices and bacterial type on uncertainty of microbiological testing
Kijtisak Yotinn

Abstract

A complete test report shall include the results of the test, along with the uncertainty of the test result.. The
uncertainty of the test shows the quality of the test results. The estimation of the uncertainty of the microbiological testing
are "Top-down approach" that using the standard deviation of reproducibility. The standard ISO/TS
19036:2006/Amd.1:2009(E) mentions various factors that affect the uncertainty of microbiological testing. The data from
accredited laboratory according to ISO/IEC 17025 shows that the matrices of the sample affect the uncertainty of the
microbiological testing. The uncertainty of microbiological testing from homogeneous sample is smaller than the
inhomogeneous sample. In addition, the types of bacteria do not affect on the uncertainty of microbiological testing.

Keywords: Microbiological uncertainty, Matrices
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11. Relationship between surface roughness and stability of standard weight
Jittakant Intiang

Abstract

In this research, the relationship between surface roughness and stability of standard weight with different surface
roughness i.e. 0.02636, 0.15315, 0.48183, 0.87301 and 1.04617 ym was studied. The study was conducted by obtaining
the change of mass value versus time scale in one year. The results are shown that mass value of the standard weight
will be increasing 0.99, 1.28, 1.42, 1.97 and 2.23 mg respectively per year. It can conclude that the standard weight with
more surface roughness value will show more increasing in mass value.

Keywords: Surface roughness, Stability, Standard weight

12. The development of a low-cost solar tracking system for renewable energy applications
Korntham Sathirakul and Apinya Boonprakob

Abstract

The solar tracking system developed by the Department of Science Service was a part of its small solar energy-
to-electric production system being researched and developed under a research funding in 2011 to 2013 fiscal year. The
power production system was designed for household use or for small community service. The system was a solar
thermal power production system employed a parabolic dish as its solar collector which required a solar tracking system
to make it to work. The developed solar tracking system utilized the calculation of solar position equations to primarily
control the movement and the position pointing towards the Sun. An array of light concentration sensors were also used
for signal feedback control function for fine motion error correction. This resulted in a precise solar tracking system with a
precision within 1 degree. Furthermore, beside precision, being low cost was also a main objective for developing such
system. A low cost microcontroller board, local electronic components, and simplified design and construction
contributed to the solar tracking system that was simple and efficient, but inexpensive compared with relatively highly
priced imported systems.

Keywords: Low-cost solar tracking system, Equation for calculating sun's positions, Solar energy

13. Screening of microorganisms producing lactic acid using glycerol as a sole carbon source
Jiraporn Burakorn, Nongluk Bunyovimonnat, Supachai Jindavutikul, Thirada Suktham and Pawin Ngamlert

Abstract

Microorganisms which produce lactic acid by using glycerol as a sole carbon source were identified from various
sources, 14 samples such as soil and waste water contaminated with crude glycerol from biodiesel production process,
EM bio-extract samples etc. The microorganisms from these samples were selected by cultivated in crude glycerol as a
sole carbon source and calcium carbonate. As the results, EM-bio-extract had the widest clear zone and the other
samples had very narrow clear zone and some of them no clear zone. Therefore, the 18 microorganisms from EM bio-
extract samples which had the most widest clear zone were continued to investigate growth rate and lactic acid
production. The results showed that the EM383 was the most rapid growth and the EM335 had the widest clear zone as
17.07 mm. After that, the EM335, the EM383 and the EM335 mixed with the EM383 were cultivated in medium containing
crude glycerol, 99% glycerol and 99.5% glycerol. It was found that the EM335 produced the highest amount of lactic acid
as 84.76 ug/L when it was cultivated in medium containing crude glycerol as a sole carbon source.

Keywords: Lactic acid, Glycerol, Biodiesel, Microorganism
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14. Microbiological quality of fresh-cut fruits from street vendors sold in Bangkok
Nopamart Sapoo, Jarunee Meksuwan and Supannee Theparoonrat

Abstract

Microbiological quality evaluation of fresh-cut fruits from street vendors in Bangkok were conducted. Eight types
of fruits comprised of jackfruit, cantaloupe, rose apple, water melon, guava, mango, papaya and pineapple as the total of
52 samples were collected from 3 locations. The fresh-cut fruit samples were examined for microbiological quality on the
aspects of yeasts, molds, E. coli, Salmonella and Staphylococcus aureus. According to the microbiological guidelines for
ready-to-eat food issued by the Department of Medical Science, it was found that 53.8% (28/52) of samples complied with
the criteria. Yeasts and molds were found in every fruits samples with 38.5 % and 15.4 % of samples over the guideline
criteria for yeasts and molds, respectively. For E.coli, 7 % of the samples were found but below the guidelines criteria.
Furthermore, for pathogenic bacteria, 7% of samples were Staphylococcus aureus positive. Salmonella was not detected.
The results suggest that the risk of foodborne illness from fresh-cut fruits is high. Therefore, the sanitary quality of the
processing of the produce should be concerned by applying Good Hygiene Practices (GHP) during preparation and
selling. This will help controlling contamination of products and make the fruits safe for consumption.

Keywords: Fresh-cut fruits, Microbiological quality, Yeasts and molds, E.coli, Salmonella, Staphylococcus aureus
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1. Synthesis of cordierite from bagasse ash
Wanna T.saengchantra, Pranee Junlar, Sansanee Rugthaicharoencheep and Sutthima Sriprasertsuk

Abstract

This research presents the results of a cordierite synthesis from bagasse ash. The formulas were calculated using
a tri-axial table by varying the amount of MgO, Al,O,, and SiO, in the range of 9-17%, 30-38%, and 47-55%, respectively.
The selected raw materials were mixed using bagasse ash, magnesite, kaolin, and alumina and fired at 1250 and 1300 °C
to form  a cordierite phase. The structures were analyzed using powder X-ray diffraction (XRD) method. A formula with
the highest cordierite phase was selected to form samples and then fired at 1300 °C. The physical properties, i.e., firing
shrinkage, water absorption, bulk density, modulus of rupture (MOR), and coefficient of thermal expansion (COE) were
studied. The samples yielded firing shrinkage of 8.6%, water absorption of 8.4%, bulk density of 2.09 g/cma, MOR of 48.9
MPa, and COE of 3.53x10°% °C.
Keywords: Bagasse ash, Cordierite, Industrial waste

2. A Comparative study of the firing shrinkage properties of the process temperature control rings
Lada Punsukmtana, Chantarat Vorasapavit, Siriwan Saephoo and Chatchai Balsri

Abstract

A process temperature control ring was developed from talc, magnesium carbonate, barium carbonate, iron
oxide, kaolin, and quartz. The rings were formed by the dry pressing method into a diameter of 2.5 cm and with the
density of 1.8 g/lem®. The firing shrinkages of rings at 960°C, 1100°C, 1140°C, and 1200°C varied in the range of 2.21-
9.98 % with the standard deviation varied in the range of 0.00-0.06. In this study, the properties of the rings were
statistical analyzed. It was found that an increasing temperature resulted in an increasing firing shrinkage but no effect on
the standard deviation values. The study also presented the comparative properties of the rings with the commercial
ones in terms of the average firing shrinkage, the standard deviation and the change of the shrinkage with temperature.
Keywords: Ceramic, Kiln, Process temperature control rings

3. The Studies of hydrolytic resistance of inner surfaces of glass containers for energy drinks
Usuma Naknikham, Sorada Khunhon and Tepiwan Jitwatcharakomol

Abstract

Nowadays, the market of the energy drinks is expanding quite substantially. From the safety point of view, the
contamination of heavy elements and glass composition elements which might be dissolved by their solution is
concerned. The glass with a high hydrolytic resistance property can decrease the contamination of those elements. The
objective of this study was to improve the hydrolytic resistance of the energy drink glass containers by means of treating
the inner surfaces with 1, 2, 3 and 5% of acetic acid. Hydrolytic tests were conducted in accordance with ISO 4802-1. The
treated and un-treated bottles were filled up with citric acid solution at pH 3.5 (close to the pH of energy drink), kept at
room temperature (about 25-27°C) and 20°C for 7, 14, 21 and 28 days soaking time. The leached elements were analyzed
by Inductively Coupled Plasma Mass Spectrometry (ICP-MS). The results show that the contents of leached sodium from
the treated and un-treated bottles were not different at the same storage temperature. However, the amount of leached
sodium element (Na) of the bottles kept at room temperature was higher than those kept at 20°C. The highest content of
leached sodium was found at 21 days soaking time. In summary, the hydrolytic resistance of glass surfaces for the
solution at pH 3.5 was decreased when the temperature and the soaking time were increased.

Keywords: Chemical resistance, Glass container, Hydrolytic test
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4. Development of test method for determination of lead in lead-free solder using inductively coupled plasma optical
emission spectrometry
Wandee Luesaiwong and Jitwilai Waluvanaruk

Abstract

Lead-free solder is material developed in order to replace original solder in electric and electronic industries
which mainly contains tin and lead. To use of lead-free solder, it is necessary to analyze six hazardous substances
according to RoHS directive to ensure that the lead-free solder contains contaminants in products under the limits of this
directive which, in case of lead, its content shall not be more than 1000 ppm. For analysis to ensure that lead-free solder
used contains regulated substances under the limits, there are two standard test methods can be used which are
International Standard IEC 62321-5: 2013-edition or Japanese Industrial Standard JIS Z 3910: 2008. Both standard
methods employ wet digestion using concentrated acids and heating on hotplate. These digestion methods consume
more acid content and can cause air pollutant. Development of new sample digestion using closed system such as
microwave digestion can reduce amount of acids used and pollutant. This study focused on reducing mixed acids and
digesting sample by microwave digestion. After obtaining optimized condition for sample digestion, the process of the
method validation for the determination of lead content in lead-free solder using inductively coupled plasma optical
emission spectrometer was conducted to proof of certain performance characteristics. From the study, it was found that
there is no matrix effect. While bias and precision studies showed that the percentage of recovery and relative standard
deviations were in good agreement with the criteria. Then data from the bias and the precision study could be used to
estimate measurement of uncertainty of the method. The expanded uncertainty of lead in lead-free solder by this method
was less than = 15 %, at the confidence level of 95 %. The estimation of measurement uncertainty obtained was
corresponding to the target uncertainty. Therefore, it can be concluded that this validated method was fit for intended use
and laboratory can use this validated method to provide testing service for customers further.
Keywords: Method validation, Inductively coupled plasma optical emission spectrometry, Lead-free solder

5. Comparison of measurement uncertainty between ISO/GUM and method validation approach of mercury
measurement in drinking water sample
Neeranart Chaengthong

Abstract

Measurement results from chemical testing laboratories that can be internationally acceptable need to apply
Metrology in Chemistry (MiC) which is an important science of measurement. The key principles of MiC includes
metrological traceability, method validation and uncertainty of measurement which are the factors that laboratories need
to demonstrate to comply with ISO/IEC 17025. This studies concerned with comparison of the estimation of measurement
uncertainty of determination of mercury in drinking water by using ISO/GUM approach and method validation approach.
There were many sources of uncertainties when using ISO/GUM approach such as precision, volumes of samples,
volumes of blank and concentration of samples. Meanwhile method validation approach had only precision and bias. It
was found that the expanded uncertainties were 8.5 % and 11%, respectively. The estimation of measurement uncertainty
in this paper can be applied to other measurement methods that using calibration curves.
Keywords: Measurement uncertainty, Mercury, Calibration curve

6. A preliminary survey: Problems of physical and chemical properties of communities’ consumption water quality
Supaporn Kownarumit, Aungsana Chuasuwan, Phitchayapa Ratchathumma, Angwara Poolkasem and Arun Konkaew

Abstract

Problems of physical and chemical quality of consumption water in requested communities in Thailand were a

preliminary survey. The consumption water samples of the communities in Phrae, Nong Bua Lam Phu, Nakhon Phanom,

Bungkarn and Songkha province were collected for testing the physical and chemical quality (26 items) of the water according
to Thai drinking water standards: Notification No. 61 (2524) and No. 135 (2534). The standard was approved by the Food and
Drug Administration (FDA), used as the regulation for bottled drinking water that is available in Thailand. The purpose of the

survey was to explore the quality problems of raw water (well water, deep well water, shallow well water and river water), also

the tap water from both groundwater and deep well water. The obtained information will be used as guidance for improvement

of the water quality to meet the standard of consumption water, as well as for choosing a proper drinking water filter system to

fit the existing water source quality. Results showed that all the bottled drinking water and rain water consuming in the

community daily lives were met the quality standards. Most of the tap water, and raw water did not meet the drinking water
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standard; however, these types of water were not consumed directly. The problems of communities’ consumption water quality
found in this survey comprised 14 items, namely color, odor, turbidity, pH, total solids, total hardness, sulfate, chloride, barium,
nitrate, iron, manganese, aluminium and silver.

Keywords: Preliminary water survey, Physical and chemical water quality, Consumption water

7. An assessment of coliform and fecal coliform bacteria levels in surface water resources of Bangkok and vicinity area
Tepwitoon Thongsri and Kanya Muangkaew

Abstract

Coliforms and fecal coliform bacteria of surface water resources in Bangkok and vicinity areas were measured
and assessed regarding pathogen contamination. 64 samples were taken from the Chao Phraya River, canals, and
reservoirs during June to September, 2012. Coliforms and fecal coliform bacteria were enumerated by multiple-tube
fermentation technique for members of the coliform group and estimated coliform concentration as MPN values [1].
Results indicated that the level of coliform and fecal coliform bacteria was in the range of <1.8 to 1.6 X 10" MPN/100 ml. It
was found that 15.6 % of total samples, coliforms and fecal coliforms level was exceeded surface water quality standard
class 2. [2] Furthermore, 39 % of total samples, coliforms and fecal coliforms level was exceeded surface water Class 3.
Results revealed the overall sanitary quality of selected surface water resources in Bangkok and vicinity areas that it had
been contaminated and must be treated and be improved for consuming purposes.

Keywords: Coliform bacteria, Fecal coliform, Surface water quality

8. Quantitative analysis of PBBs and PBDEs in plastic parts of electrical and electronics equipment according to RoHS
regulation by gas chromatography/mass spectrometry
Manop Sitidech and Nathalamon Panyawathankit

Abstract

This research studied a test method for quantitative analysis of polybrominated biphenyls (PBBs) and
polybrominated diphenyl ethers (PBDEs) in various plastics, including acrylonitrile-butadiene-styrene, polypropylene,
polyethylene, high-impact polystyrene and polyethylene terephthalate plastics based on the solvent extraction of the
sample with soxhlet extraction technique and detection by gas chromatography/mass spectrometry. It was found that the
test method was able to quantitate monobrominated-decabrominated biphenyl and monobrominated diphenyl ether—
nonabrominated diphenyl ether between 100-1,750 mg/kg and decabrominated diphenyl ether between 100-8,000
mg/kg. The limit of detection (LOD) was between 3.9-25.5mg/kg. The limit of quantitation (LOQ) was between 13.1-85.0
mg/kg. The precision of the method expressed as percentage relative standard deviation was between 1.83 and 10.24,
except 17.02 for BB-209 at lowest concentration (100 mg/kg). The accuracy of the method expressed as percentage
recovery was between 80.9 and 116.8, except 130.1 for BDE-047 at lowest concentration (100 mg/kg). The obtained
accuracy and precision of the method therefore meet the required accuracy expressed as % recovery which is between
70-130% and the required precision expressed as percentage relative standard deviation which is less than 20%RSD of
the IEC 62321:2008 international standard method.
Keywords: PBBs, PBDEs, Plastic, Gas chromatography/ mass spectrometry

9. A preliminary survey: Trans Fat in Fried Food, Bakery, Edible fat and Oil Products and Milk and Milk Products
Kamolgan Jingan, Bangorn Boonshu and Wipawan Srimus

Abstract

This preliminary survey was aimed to determine dietary source of trans fat and disseminate to consumer on
realize and select the proper diet and avoid the trans fat foods. The total trans fat content of 110 samples of fried foods,
bakery, edible fat and oil products and milk and milk products were analyzed by gas chromatography (GC/FID) using 9
trans fatty acids standard. The highest amount of trans fat in these 4 categories of foods were found as fallow; 6.20
percent of donut or 3.41 grams per serving size, 5.18 percent of wafers or 0.64 grams per serving size, 7.72 percent of
non dairy creamer or 0.25 grams per serving size and ranging from 0.01 to 0.63 percent of milk and milk products which
less than 0.32 g per serving size. The composition of total trans fatty acids indicated that trans-octadecenoic acid (C
18:1 t) was 77.86 percent of which was the main component of 9 trans fatty acids and the lower was 16.56 percent of
trans-linolelaidic acid (C18:2 t). The recommendation for consumer based on this information was not increased the risk
of death and illness from coronary heart disease and suddenly heart attack by avoiding high trans fat foods or partially

hydrogenated oil such as donuts, wafers, non dairy creamer and margarine.
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Keywords: Trans fat, Fatty acid, Partially hydrogenated oil

10. The study on efficiency of Acorus calamus L. extract against fruit rot fungi isolated from lychee
Suwannee Thaenthanee, Jaravee Sukprasert, Saijit Daosukho and Soraya Rodprasert

Abstract

This research studied effect of of Acorus calamus L. (Sweet flag) extract on the mycelial growth inhibition of 21
strains of fruit rot fungi. Among these, 6 were reference strains and 15 were strains isolated from lychee peel. The isolation
of fungal strains was performed by using tissue transplanting technique, proved to cause fruit rot disease according to
Koch’s Postulation method, and classified using a molecular technique. The ability of A.calamus extract by 95% ethanol
on the mycelial growth inhibition was compared with commercial fungicide, carbendazim. The experiment was performed
in 2 ways, on Potato Dextrose Agar (PDA) plates and on lychee fruits. The test on PDA plates was performed according to
Poisoned food technique. Various concentrations (10, 100, 1,000, 10,000, 20,000, and 30,000 ppm) of the extract were
determined for antifungal activity on PDA. The result indicated that all fungal strains were sensitive to A.calamus extract at
the concentration of 10,000 ppm upward. The average mycelial growth inhibition of the extract at 10,000 ppm was more
than 80% whereas that of carbendazim at 1,000 ppm was 70.26%. The test on lychee friuts, the extract at 10,000 and
20,000 ppm were tested for the mycelial growth inhibition according to the method modified from Koch’s Postulation
method. The result showed that the extract inhibited the mycelial growth of 15 strains on lychee fruit whereas
carbendazim inhibited 21 strains. Therefore, the A.calamus extract has a potential to be used to control fruit rot fungi.

Keywords: Fruit rot fungi, Lychee, Acorus calamus, Sweet flag

11. Innovation of rubber cap for covering concrete block from natural rubber
Pantila Poomrabeab and Orasa Onjun

Abstract

Rubber cap for covering concrete block is a combination of concrete and rubber blocks called "Safety Block". For
this product, a concrete block serves as a base and a rubber block provides a soft and elastic surface on the top can be
used in both indoor and outdoor environments. This research is to find the best formula for making rubber cap for
covering concrete block and its property must meet all criteria of the industrial standard number TIS2348-2551. The best
compound formulation found in the research is; rubber (100 phr), Calcium carbonate (50 phr), White clay (50 phr),
Paraffinic oil (5 phr), Zinc oxide (5 phr), Steric acid (3 phr), Antioxidant (5 phr), CBS (1 phr), TMTD (0.5 phr), Sulfur (3 phr),
color (5 phr), Paraffin wax (2 phr), and added UV protection (5 phr), anti-fungal (0.5 phr) and anti-bacterial (0.5 phr) for
more efficient use of the outdoor environment. The test results from the best formula found that the product meets all
criteria of the industrial standard number TIS 2378-2551 that is, hardness (56 Shore A), tensile strength (14.7 MPa),
elongation at break (570%), hardness changed after aging increase 2 Shore A, tensile strength changed after aging
decrease 13% and elongation at break changed after aging decrease 9%, abrasion resistance (246 mms), good Ozone
resistance, compressive strength (0.96 MPa), and level 3-4 grey scale Q.U.V. weathering resistance.
Keywords: Concrete block, Rubber cap

12. The study of troubleshooting in voids of tensile specimens for a thermoplastic injection molding process
Jariyavadee Sirichantra

Abstract

Voids and blisters often appear in a dumbbell-shaped test specimen for tensile properties of a thermoplastic
injection molding process. In this study, Polypropylene and High Density Polyethylene selected to use to be samples for
the investigation of the effect of these defects on tensile properties: maximum load, tensile strength and elongation at
break. From the results of tensile properties for both materials, it found that the maximum load and the tensile strength of
tested specimens without defects are higher than specimens with defects approximately 2%. For the result of the
elongation at break for both materials, it found that the sample without defects is higher than the sample with defects
significantly (approximately 80%). In addition, the observation of a cross-sectional area specimen for both materials in the
area of defects investigated using the optical microscope technique. It found that the defect of Polypropylene’s specimen
appears to be voids, and High Density Polyethylene appears to be blisters. These are useful for the analysis of
troubleshooting in these defects of the tensile specimen for both materials using the injection molding process.

Keywords: Blister, Defect, Polyethylene, Polypropylene, Void
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13. Pilot study of laboratory safety status for laboratory workers
Paweena Kreunin, Sombat Kongwithtaya and Natthakarn Ketkoom

Abstract

This pilot study is an exploratory research. The focus group of the study was laboratory workers who received the
training of laboratory safety and other laboratories related courses from the Bureau of Laboratory Personnel Development
(BLPD), Department of Science Service (DSS), Thailand during 2010-2014. The questionnaire was designed to collect the
data of safety practices and opinions within their own laboratory settings. Questionnaires was collected and analyzed.
The results showed that the subjects of the study were coming from diversified groups, i.e. testing, calibration, R&D, and
academic laboratories which were the focused group of the pilot study. The results showed that more than 50% of the
workers are received inadequate training relating to the safety work practices. The majority of the people showed frequent
of lone working, and inappropriate use of Safety Data Sheet (SDS) and Personal Protective Equipment (PPE). About
87.1% of workers reported accidents in the laboratories, and the two most important factors to cause accidents were
related to humans i.e. the unawareness of workers who were involved in laboratory work and the inadequate of knowledge
about safety of laboratory workers. Moreover, most subjects reported that their own laboratories setting were not safe in
term of physical safety management or did not have the routine risk assessment of the laboratory. The majority of them
believes that their laboratory safety management should be improved and they should receive training in many areas of
laboratory safety. The results can be used in the training courses and present to the public to raise awareness of safe
work practice.
Keywords: Laboratory Safety, Pilot Study, Safety

14. Evaluation of measurement uncertainty for volumetric glassware calibration from the variation of surface tension
between liquid and glass
Pochaman Tagheen

Abstract

Measurement uncertainty in calibration of volumetric glassware are from many sources for instance the weighting
machine, environment, liquid temperature, position of meniscus. In this paper the other important source is the cleanliness
of volumetric glassware. With the less cleanliness, it will reduce the surface tension between the glass and the liquid. The
less surface tension is the more contact angle and the less volume of meniscus. In the controversy, the more contact
angle is the more cleanliness, it will increase the surface tension between the glass and the liquid and the more volume of
meniscus. In this case we found that the effect of deviation of contact angle will affect the uncertainty of the measurement
of volume more that 50% of the overall measurement uncertainty. So the laboratory should concern the measurement
uncertainty due to the variation of contact angle or surface tension between liquid and glass.
Keywords: Measurement uncertainty, Calibration of volumetric apparatus

15. Sample preparation for laboratory proficiency testing of heavy metals in water
Rachada Hemapattawee and Wannee Aupaiboon

Abstract

The sample preparation for laboratory proficiency testing of heavy metals in water must be accurate, precise, and
meet the requirements of ISO/IEC 17043:2010. The aim of this study is to find the suitability of sample preparation for
Cadmium (Cd), Nickel (Ni) and Lead (Pb) in water by adding known standard solutions in the deionized water, preserving
with nitric acid at pH-value about 2.0, mixing, filling in bottles and labelling. The samples are randomly selected for
homogeneity and stability testing. The statistical process was designed for homogeneity and stability evaluation
according to the ISO 13528: 2005 by comparing with the standard deviation for proficiency assessment which is the
target standard deviation by perception from previous rounds, standard method and expert judgment. It was set at 7% of
the assigned values which were the reference values from National Metrology Institute (Thailand). The result of
homogeneity and stability assessment of three sets of sample showed that they were sufficiently homogeneous and
stable. These ensured that all laboratories receive distribution units that do not differ significantly in the parameters to be
analyzed.
Keywords: Laboratory proficiency testing, Homogeneity, Stability
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