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ABSTRACT

This research developed of the antioxidant beverage from colored rice and juice resources,
including Riceberry rice, Sangyod rice, beetroot, and gac. The research aimed to optimize water content
for rice extraction, examine the appropriate ratio of rice extract and fruit juice, determine a suitable amount
of stabilizer, and optimize the sterilization process. The result demonstrated that the optimum water
content for extracting rice was using water 20 times the rice weight, which obtained rice extract with
suitable viscosity. The appropriate ratio of rice extract:juice is 75:25 for Riceberry rice extract:beetroot juice
and 80:20 for Sangyod rice extract:beetroot juice, based on the presented highest Oxygen Radical
Absorbance Capacity (ORAC) value, 176 and 143 pmol TE/100 g, respectively. The stabilizer suitable for
healthy drink was 0.1% pectin with 0.2% carboxymethyl cellulose (CMC), obtaining a homogeneous drink
and decreased phase separation. The sterilization process with an autoclave at 5 psi (110 °C) for 25 minutes
and spraying hot steam at 110 °C for 25 minutes ensured a shelf life of at least 6 months at room
temperature. The nutritional value per serving (180 ml) was that the Riceberry rice drink R2 formula, which
contains rice water:beetroot juice at a ratio of 75:25 provides less energy than Sangyod rice drink formula

S2, which contains rice water:beetroot juice in a ratio of 75:25.

ANEARY: LATDIANTN LATEIANFUBYLABHTY LATRRLNEgUAN

Keywords: Rice drink, Antioxidant drink, Healthy drink
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2. 75115798 (Experimental)
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9-point Hedonic Scale Wa¥ILATIZUAINUANAINNIG
add Tagldlusunsudn§agy SPSS WisulsuauwaN
A9N9@DARI835 Duncan’s New Multiple Range Test
fiszdupudeiuiosay 95
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2.6 Anw@1gMUSheHAnTusiATa g7
Anworgnisinuredndusiasesnudnlsdiuesd uaziasesnudndiven lnaiundndaminiosdiudn
4 2 wilald Mgaumgiivies utu 6 Lieu

3. HawaLIv15al (Results and discussion)

3.1 wan1sAnyINIsnseudIngautudy walilunsuanniasandin
- Myanmindlsduess wavidnddven egldusuiatn 15 way 20 winvestinvting1d wuIn Msana

v v
o v U

thdais 2 wiin AdUSINah 15 whessuiindn Senvasileduniiaunn wasildsunanh 20 wihweshmin
i Tenwaziletuniatosnin Fumnranfiavilundnduedesiudnely wasdledlusasunamewdai
avanglaluthdnatnEudu Ieawiniu 1.8 wag 2 “Brix audsy

- msadninalififensiueyyedasy tiun thimgm wasthiindm wuih nisafemimaliif 2 via deth
TU¥aUsinamedeftazangdludwalsiaindudu Idauwindu 3 uay 3 Brix augsu
3.2 waRnuINAIgAsIATsANT1 uazdnvazanieaw Tuiasfudnn

- miﬁwmqmm%aﬁwﬁ’]ﬂiﬁﬁma% wazLpSeauddven Inotrdostudni 2 vin afaidlagld
Usinah 20 wihwestmiing mamﬁwﬁwgm Tusgwsrdau 80:20 wag 75:25 LLazwauﬁwﬁwgwiauﬁuﬁ’lﬁﬂsﬁn
Tusnsdn 50:25:25 (A5 1)

715199 1 ansrdunaulunsesiut1alsdivass uaziasaeaudridavven

wiasdudnlsdiuess w3asnutadediven
gn3 [, Dl y Qﬂi % P 3 = P H v v
wd1a (Gewaz) urtngn (ewas) | uwind1n (Sewaz) 112 (Fewa) Urdngn (Geway) thwind1a (Sewar)
R1 80 20 - S1 80 20 -
R2 75 25 - ) 75 25 _
R3 50 25 25 S3 50 25 25
R4 75 25 - sS4 75 25 _

VIEE : 729679 R1-R3 Uy $1-53 z/’;ﬁ??’ﬂmy?ﬂzi wﬂaﬁbmu/ﬁﬁi 5 U@Wfﬁfammﬁg (110°C) ud 25 Wil
T20¢09 R4, S4 sintelagly inTevsovindnnulerhiou Migamail 110°C uw 25w

- msAnwdnwarmamenmesaniesiiudn Taensduasliauads T6un Pectin $aufu CMC
TuieSesdudnalstiuesinandngy (75:25) uazideshudndstveanaudngy (75:25) nui1 msiiuansliauasi
Tundasdiudste 2 4din oy Pectin Sasay 0.1 $aufu CMC Yovay 0.2 wiosiudnildnvazdudoroaty
wazAnnnsuendutiosann waziilawdu Pectin Yavay 0.2 9aufU CMC Fowas 0.2 in3esnudniidnvaridetunin
Entios satunisiivansidanuassluedesiudni 2 e Wnamilouty Sudonnsiiy Pectin Sovay 0.1
squfu CMC %evay 0.2 [JulSunauaslinnunsifimunzay silildadesiuiisnvasdudefonsy wa
Annsuendudies

3.3 n1sAnuUSinaugaunsd Tuesesiudin

NNNsauTIoEns edeshutnlsdivesinauingm gas R2 waz Re wasiedeshutndsdnennandngy gns
52 waw 54 frunssndedeviietlenudy 7 5 Veuddenansii (110°0) uiu 25 w1l uasnssidiedeindos
sniderindamulothiou flgamnd 110°C uw 25 wifl dwmsdiereigdurEdnuinasitermuaniuyssne
N3ENTNASTUAY (UUT 356) WA, 2556 Foadosmnilunivuzussgitnadn wutnaTeshudin 2 wia T
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AUNIGrUnNaTITeR UARINGT waznanuTiiuSnyaamngiveld Inelideudengdunsd (s 2)

A1570991 2 Usanandegaunsdluniesautd1alsdivess uazinsesautadeiven

R ) wasguadoshuly gasiesashutnilsdiues gasiAsashutndedven

FemEEm mwzusiqﬁﬂﬂaﬁw R2 R4 S2 sS4

Bacillus cereus (cfu/ml) < 100 <1 <1 <1 <1

Clostridium perfringens (cfu/ml) < 100 <1 <1 <1 <1

Coliforms (MPN/100 ml) <22 <11 <11 <11 <11
Escherichia coli (in 100 ml) Not Detected Not Detected | Not Detected | Not Detected | Not Detected
Salmonella spp. (in 25 ml) Not Detected Not Detected | Not Detected | Not Detected | Not Detected
Staphylococcus aureus (in 0.1 ml) Not Detected Not Detected | Not Detected | Not Detected | Not Detected

Yeast and Mold (cfu/ml) < 100 <1 <1 <1 <1

VB : N1589F 08N UATIZIVTIIANTEAUNTET UTHN vieauJuinsnan (Ussmalng) 9117

3.4 nsAnwISInauEsitueyyadast wazamAmslavunis ueiesiudnn

MnmsAnuiatesiudlsfiuedd 4 gas nud wiesiudnlsduesd ges R2 Gesznaudae dhdnn:
131‘1‘]1/13‘1/1 lugnsdiu 75:25 e ORAC g9an Ao 176 mol TE/100 g 5098431A0 ans R3, R1 uag R4 Aua16u
dhuipdosimdsiven 4 gns wut idesiudndsdiven gas S1 dsUsenoude thimithimg ludnandiu 80:20
fiin ORAC geamfie 143 umol TE/100 583asnAe gas 52, 53 WAz S4 MG (13197 3) Fsen ORAC umiiag
TR Gulnsantudgeouiani uazanduguaimuisnAvesssinaavigewin uanifaemsuaziaiemuiidan
ORAC ganininagiiuszavsnnlunmsyilsiouyadassfiunans (Neutralizing) dannndn [5] fadfumsideniedosin
Filsdiuess gns R2 FaflU3ana ORAC gegn Wefisuiugnsdu 4

A159991 3 AN eyyadaszTIN a1slwaniuea uazsrgman Tuasesiud1lsdivess uazipiasiudadsiven

, gastesashutnilsdiuesi gasiasashutndedven
TUNTIATILIN
R1 R2 R3 R4 S1 S2 S3 sS4
Total Antioxidant (ORAC) pmol TE/100 g 160 176 167 103 143 105 91 53

(DPPH-method)

Total polyphenol (as gallic acid) mg/mL | 0.16 0.21 0.30 0.34 0.15 0.24 0.27 0.24

Iron (Fe) mg/kg 0.620 0.650 0.910 0.075 0.810 0.124 0.074 0.086

YIEG : NITAGI0ENTATIUTUIITITH O YYATaTEY] VSN VieaufuanIsnan (Uszmalne) $7n

dmsunanislianesiandmalaruinis Tuedeshudnlsfivess gns R2 Swszneudhe thimihivgy
Tudhsrdu 75:25 uamiaTesiudnidadven gns 52 Sesznaude dhdniahdngn ludhardi 75:25 wut wedes
Fadais 2 vl SguAmndasunistendonieuilan (180 fadans) nun91e 4 uiiRosanUSundsny
Tuwindafiagldsudensuilnandosiudmiis 2 wiin madenuilaaniosuinlsdiues gns R2 Alvndsnu 70
Alaunaes detfeunineiesduindsinengns 52 Alwdsnu 100 Alaunae’
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#1579 4 ANIsATIziRAIM e lnYuINIs TuiaTashudralsdivass

o A o ' = ] a A aa
uagipsasauTIdeTven davidenuagusing (180 dadans)

R . quﬂ%‘mﬁu%ﬂiﬁma%‘ gmtﬂ%‘mﬁ'u%ﬁ'sé’ﬁwaﬂ
18MTAATIEHN

R2 S2
w&au (Alaumasd) 70 100
Tugiu (nF) 0.09 0.35
TUsAu (nFu) 2 5
aslulawnsa (nSu) 16 20
Tfien (Hadnsu) 40 45
upaley (Tadns) 6.05 7.15
wan fadnsu) 0.13 0.22
Toens (n5u) flounin 0.18 YJaunin 0.18

ugng) : M3aTI0e19ATIRIRNATlAYUINT UTYN siasufUuRnIsna (Ussnalne) 911R

3.5 HansAN¥IMIBaNFUNEAfusilATasANd1n

nMaUszdiumsUssamdudanseensudy 3 nvazdang ndu savd ileduda uasnissensulassay
vouedashutnnlsfiuess uanedesiudndsiven nnans Ielvaaeudu s1umu 25 au wud indesiudnii 2
wiln fmageudulsiniseonsudiu nau waziioduda lifimuunnsnsiuegradifodfymeada (0>0.05) usnuin
FnasouTaliinissensuiiu & Snvazusing savnd uaznissensulassm lussduiifinnuuansisedsdideddy
M98l (p<0.05) Tnelannziadosiudnlsdiuess gns R2 fmaaeuTalvinisveniusu & dnvaizsing savd way
nsgauiulag T qaﬁ'z’jﬂ (AN57991 5)

A157991 5 AAZUUUAIINYaUAIUARIaN YAz  TuiATesaut1alsdiuads uazinsasautdeTen

. gasiasashutnilsdiuesd gasiasashutndedven
AANYME
R1 R2 R3 R4 s1 s2 S3 sa
& 6.68+1.07° | 7.16+1.11% | 4.72+2.03° | 4.04+1.97° | 4.64+0.76° | 4.68+1.03" | 4.60+1.04° | 4.64+0.76"

anvaizUsng 6.12+1.30° | 6.68+1.31% | 4.60+1.98" | 4.00+1.63" | 4.68+0.95" | 4.68+0.69" | 4.48+1.00° | 4.68+0.95"

nau™ 4.72+1.67 | 520+1.98 | 4.64+258 | 4.52+1.94 | 4.64+091 | 4.96+0.89 | 4.76x1.16 | 4.64+0.91
U 4.80+1.87° | 5.48+2.04° | 5.12+2.54°° | 4.12+1.86™ | 4.80+0.87" | 4.84+1.03™ | 4.96+1.17" | 4.80+0.87*
odura 5.12+41.79 | 556+2.18 | 4.56x2.12 | 4.68+2.04 | 4.84+0.75 | 5.16£0.62 | 4.76x1.05 | 4.84+0.75

MsueusulneTIN | 5.44+1.58% | 6.16+1.68" | 4.68+2.12° | 4.56+1.76" | 4.92+0.91° | 5.20+0.50° | 4.84+0.94° | 4.92+0.91°

YEINR) : ns VYN AnadevesteyalukuIueu lulinuuane e nilbd 1Ay 9aaa (p>0.05)

a,b mede Anadevesdayaluuuiuey dmuuan e iled 1Ay nNans (p<0.05)

3.6 HansANWIBIYNSIUSNYHARANeiATa AT

msfnwegMsiudnwsansiusiaieshuin Tnsgdnuusynanmenmysadndas wui orgmsiiuinwm
wantout wdeshndnilsduesd uenatosuiddiven yngas Akiunsendedensietaudu 7 5 Uoudse
P31 (110°0) W 25 Wit wasedossdovindanulothiou fgumgfl 110°C wu 25 it ansaifiuinw
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=i a v vy = % i = a
gaumgivieslafionenisiiulalidesndt 6 weu laed
ANYENNNYAINAUAL

= a o .
4. @3Unan13An¥1Ia8 (Conclusion)

nmsAnwAted wuh nefausEn s
\nsosrnimlsfiuedd uasiateshnindsiven Tunsarin
thinlagliFinanh 20 wheesiwiindn thiniléd
Snwnumilotuniintion Samnyauiashlundniueios
Al Tnewhlunaufuiwalififasiuoyyedass
g loun dngn uaeiindn wasnsiinansiiniuasdn
I6uA Pectin $opaz 0.1 $afu CMC Jovaz 0.2 Fadu
Vinaanslimuasiimngay edosrsilifidnvue
Huidleiertu wasisnsuentution Wethisdeshudm
i1 2 vl Trumsshidedeviietirusu 9 5 vous
samnsin (110°0) wu 25 il uasiesessnidiowiindn
wiulerh¥ou flgaumgdl 110°C ur 25 wiit 9nnsdensTe
AATIUTUURAUNTE NU USHauRauvisdinunne
FormuamuUsznansznsassagy @Iuil 356)
wA. 2556 Fourdosrlumuurusseiitaain uazain
N3ENIITIATIITINNTIURYABATE LazAm
malaznns wui inseshudnlsdiuess gus R2 3
Uszneushe thim:thvgy ludasid 75:25 T ORAC
g9an Ao 176 pmol TE/100 g WenBeuiiieuiugnsdu
wvn wazanamslnsumsseviiamietilon (180
findans) veueTasmudvi 2 ¥ia WeRsanuiina
wdsniluusazadsiazlitudenisuilag iedosiudm
Isfiuess gns R2 Bimdsnulieeninaesiudmiinen
a5 52 luvauiFeniuimaaeuBuliinseensuiesesiudm
lsfiuess gns R2 geam (p<0.05) iashudni 2 iln
ngns anmnsaiiuinufgamaiivieslitiongnisiiulels]
N1 6 Wou Inednuaen1aN1enNALRY

Fafumsinuideluaded Sadennandamiedos
Faudilsdiues gns R2 Fsusenaude thdnaindngy
lushsndu 75:25 filviAn ORAC gegm e 176 pmol
TE/100 g iionFsuiitouiugmsdurionn warlimdsnu
Yeningnsdu

5. AnAnssuUseniA (Acknowledgement)

vovsunaudmthiinesveayauazgudansauma
Angrmaniuazmalulad wazidimihiineunalulad
vy ToyargitisnaaounIseeuyuUvesHan el
ia3esdutgasing q shilvanuideduieqarenny
TgUszasvedlasenis

6. L@NE1591999 (References)

[1] aondue1ms NI¥NTNQAENTTUIYTUAFUN N &9
wusalud 62 nquermsiiiogunin (udusvied
looulal]. 2561. [rafiaiudl 25 nanau 2563]. 11
89970: https://cheechongruay.smartsme.co.th/
content/23337

[2] ANDREW WEIL, M.D. ORAC: Scoring Antioxidants?
[online]. 2010. [viewed 28 December 2019].
Available from: https://www.drweil.com/
vitamins-supplements-herbs/vitamins/
orac-scoring-antioxidants

[3] JORGUSTIN, K. ORAC Value | Top 100 High
Antioxidant Foods - Berries — Spices — Herbs.
[online]. 2017. [viewed 18 July 2020]. Available
from: https://modernsurvivalblog.com/health/
high-orac-value-antioxidant-foods-top-100/

[4] gvian iwen wavuian Auaey. Maezons
AueyyadasylagTs DPPH, ABTS way FRAP uay
Usuaansuszneviluednienunvesansade
aulnslusihSuemenmning. Advanced Science.
2015, 15(1), 106-117.

[5] UNUIIAUDAS. ?ﬁmﬁ’mummﬂﬁiaaﬂqwéﬁuaﬁq
éhuaaﬂ%wﬁ"‘uﬁgwm. Naresuan Phayao Journal.
2016, 9(3), 25-30.

[6] FLOEGEL, A, et al. Comparison of ABTS/DPPH
assays to measure antioxidant capacity in
popular antioxidant-rich US foods. Journal of
Food Composition and Analysis. 2011, 24(7),
1043-1048.

[71 R, SOMPONG, et al. Physicochemical and
antioxidative properties of red and black rice

varieties from Thailand, China and Sri Lanka.
http://bas.dss.go.th



Food Chemistry. 2011, 124(1), 132-140.
PEDRO, A.C., D. GRANATO and N.D. ROSSO.
Extraction of anthocyanins and polyphenols
from black rice (Oryza sativa L.) by modeling
and assessing their reversibility and stability.
Food Chemistry, 2016, 191, 12-20.

anad fidanans wag3vil lasdseas. mandaiaies
Auguivefueifidansadaueulsluefuandioves
9a. Agricultural Science Journal. 2018, 49(2)
(Suppl.), 25-28.

[10] guédeyadmmmaanie nsun1sim. Palssvess

looulati]. [§refieTui 21 fuenau 2563]. Whisnn:
https://www.thairicedb.com/rice-detail.
php?id=15.

[11] guddoyatninaiaanis nsumMstn. 9798999en

Woninga [eaulay]. [$1e8eiudl 30 woedniou
2563] . €189970: https://www.thairicedb.com/
rice-detail.php?id=1

[12] aa1TudseInendanswazimaluladwisusemealne

(21.). insasiuainaINUaIed12 [oeulat]. 2558.
[$nafieTuil 26 uns1ew 2564] . Whdsan: httpsy/
waa.inter.nstda.or.th/stks/pub/2015/2015091
1-Technology-show%202-2558-Food-
Beverage-15.pdf

[13] 9unA Daganlsy waziaduna auouIIA. N1SHEN

Lﬂ%ﬁuLﬁaqmmwmﬂ%ﬂmauﬁa. KKU Science
Journal, 2015, 43(3), 395-402.

http://bas.dss.go.th

Bulletin of Applied Sciences Vol.10 No.10 (Aug. 2021)



M3EsHANUIYTING nsuIneransuinig U9 10 atufl 10 @evinau 2564) 9-15

ad = & a [3 a o 3
m'a'm'JuaamﬁLLazmsﬂﬂwﬁﬂ‘%u'wnﬁﬂw,ﬂaumi'erWa'maneuuLauliuuml,azwamnmenuu
Validation and the study of aflatoxin M contamination in milk and milk products

afiugn YregwsT’

Apisthaa Changsuphan’

UNANED

mewaﬂszjuLa:u (AFM) Lﬂumi‘wwLﬂmmﬂLumuaa%maﬂmiwmummaﬂsuu‘u (AFB) Aatuaely
iwmaamLaEJaaﬂmauwuﬂmmmiammmiﬂuwau AFB, quﬂ:dmmwaaa%m‘[mmau"lﬁzm 1uwaammﬁa8u
Ju AFM, LLavmsuuaaﬂmmqmuu 'ﬂiUWlmi'UuL‘IJEJuﬁ’]‘i‘W‘HEJquV]EJﬂ“U‘Iﬂ‘L!EJ’lWliﬁW.J wazthustuiinansynu
ﬂummﬂaamﬂwaqmuﬂmwﬂumamqLLamNaau wnlgSuetmaiiistonafinanudssdunsinlsauzsdus
AMYATINIBNTOMTIENINUTEmA (Codex Alimentarius Commission) Fmuslrinsuuieuvesesramendy
Lémliuifmm 7oani1 0.5 lulasnsu/Alansy éﬁ’qﬁjmm%iﬁ’a‘ﬁﬁmﬁ%‘mmaaumsﬁwasﬂmwaﬂ%uL'Sul (AFM ) 1980599
Sagewe3os HPLC dleldannsiivunzadlumsvageu waranmsmugeunuldlavesds wui Sanuduius
Waduluszauauutu 0.1 fe 50 Wlasnsu/ans Indrnnnisesiany (imit of detection, LOD) Wiy 0.001
lalasn3u/ans Iadnnan1siauiunm (imit of quantitation, LOQ) windu 0.004 lulasniu/ans TneaiAanuusu
(accuracy) uanase¥esagnsAundulaz ALl (precision) uansiedosavyesdridosuuumsg (relative
standard deviation %RSD) sasraalaiiiueu Wulumunusinsseusuresiivaaey uonanillddusosng
wananvhdalauy luiuidmiaunssivsn uazaTEUs uuLLazw5mﬁmsﬁuumuﬁanmmdumﬁuﬁﬂqamwumuﬂi

=

FIMIAUATIIVEUT BAZATEUS UIUWINNITNAADUNUIT awﬂmzﬂmwaﬂ%wﬁu1ﬁ¢ha§jiwdw Tadwu 59 0.0552

i

lulasnsuseilansy

ABSTRACT

Aflatoxin M, (AFMI) has been identified as toxic substance, which produced from the metabolism of
Aflatoxin B1 (AFB1 in mammals that consumed contaminant feed. AFB is metabolized by enzyme in liver cells
and transformed to AFM, then excrete through mammal milk. There are both indirect and direct adverse
effected to the consumer who consumed meat and milk contaminated with Aflatoxin. Continuously
consumption can be resulted in accumulation in body hence contribute to liver cancer. The Codex
Alimentarius Commission has established standard of AFM in milk product to less than 0.5 microgram/
Kilogram.

The aim of this study was to investigate the optimum condition and verification for AFM_ testing
method which using HPLC. The study showed the linear correlation between the concentrations from 0.1
to 50 microgram/Liter, limit of detection (LOD) of 0.001 microgram/Liter and limit of quantitation (LOQ) of
0.004 microgram/Liter. The study also demonstrated acceptable percent recovery, precision by relative
standard deviation (%RSD). The uncertainty of testing also included in this study. Animal feed samples
were taken farms dairy farm in Nakorn-Rachasima and Saraburi provinces. While milk and milk products
were sampled from markets in Bangkok, Nakorn-Rachasima and Saraburi provinces Results illustrated the
AFM_ concentrations range from not detected to 0.0552 microgram/Kilogram.

Adndny: exviamendudu lamesvlesunuddnialnsuninns il unuazndn aeius
Keywords: Aflatoxin M., High-performance liquid chromatography, Milk and milk product

LAsuAnenrmansusnig
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1. U1 (Introduction)

a = a

ﬁ’]iW‘HﬁﬂﬂL‘U@i’] azaIvangy U i 7\]1 13k ﬁ] 1NN NUTUKNAANANIINITIAYAT dIuanTRY
DY Wa’W]E]ﬂ"UULalI ﬁ]uwus[,umumméfmLgmaﬂm&uu LuaamLa&Naﬂmwﬂmumawwmﬂmwaﬂ%u U1
L‘IJ’]Zﬁ’]\‘iﬂﬁﬂ‘ﬂ“ﬂﬂﬂﬂ%ﬂi’)ﬂi”ﬂﬁmﬁaﬂa” 10-20 wmaamﬂuuaaﬂmﬂiwmaI‘umwiwmam%ﬁavaﬂavauﬁmﬂ
Vlﬁﬂiu(ﬂ‘U LLﬁ”ﬁ’]ﬁWU@”Wﬁ’WIE]ﬂ"UuU W ﬂﬂLll(ﬂ']‘UE]‘la"?JL‘UaEJULUUﬁ’ﬁWME]”Wﬁ'W]E]ﬂSUULEJN slNﬁ] Oﬂ‘U'UE]’e]ﬂll’Wl’N
“Ll’]‘LJZLI f\]ﬁﬂﬂﬂﬁuﬂuwﬂ@dﬁm’lLa&lﬁaﬂﬁn&]‘u&lLﬂG]“U“LJLU’?J“IJH’HWHE]uWaWVlE]ﬂ“U“LJLE]lI sLuﬁ’]iWHE]uWaWVlE)ﬂ"UULE]lI B E]“LJ'W“Llﬁ

YasansivasNaImandu U U ﬂmﬂauasﬂumuu

o)

CH,
Aflatoxin M1 CAS RN 6795-23-9

Aflatoxin B1 CAS RN 1162-65-8

JU7 1: lassasn arsivesiamendull (Aflatoxin B, : AFB ) uasansiyeraimenduisy (Aflatoxin M, : AFM )

International Agency for Research on Cancer (IARC) Jumheauwes World Health Organization
(WHO) Whmihissisiunas dnduansrenziialsdalinsivozramentuiimuddnfedestuaunmussangd
JETEEN Immawuﬁwaﬁwﬂaéﬁu mazduansnousiss (Carcinogen) el 2012 IARC 1891w ezvlamendudy
ansnouzsluuyed ﬂa:uw 1 (Carcinogenic to humans) #an1sfvunses AFB Tuewns uay AFM, Tuthuy
fiszsuiineusuldsiotu (Acceptable Daily Intake : ADI) mmaﬂ,ﬂmnUsmmmiwwaumunmmaqmuﬂm A1 ADI

£
=1

Tas U HunasilumsfionsandUiinagageilasu (Maximum level: ML) ierfunsuasesiuilnavesusiay
Uszina neanenIsun1semsware1vesannInglsy (European Commission: EC) Mafmualifiusuinnis
Uu@auqqqmaa AFM, Tuthus 18 lsidiu 0.05 LLg/kg (Commission Regulation (EC) No. 1881, 2006) usflutmugil
ANYNITUNITOIMTHALEIVDIEN5FOIIFNT (U.S. Food and Drug Administration: FDA) ivualidiu3unanis
ﬂuLﬂauaaamm AFM Tudhun el 0.5 LLg/kg (CPG Sec.527.400, 2005) LagAnENIIUIBNTIATINITUINTFIY
819115 FAO/WHO (Codex Alimentarius Commission — CAC: Codex) m‘mum’lmUimmmsﬂmﬂaumamaq AFM,
Turha 18ladifiv 0.5 LLe/kg (Codex Stan 193, 2015)

N13M3AMIUTNU AF!\/\1 fivanewele 1wy walla Enzyme-linked immunosorbent assay (ELISA) |
wataanialasu M (Higsh Performance Liquid Chromatography; HPLC) wadiafiutaigeslasuilag
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N5 (Thin Layer Chromatography; TLC) Waginatia
aealasaninnaiauglfuwiaanlnsuws (Liquid

Chromatography coupled with mass spectrometry;

adaa

LC-MS/MS) el HPLC 1{uAsnfesldiulaevily
wwspIunMsade Ui siverviamentuidy e
AOAC Official Method 2000.8 Aflatoxin M in Liquid
Milk fetunuAdeiRadunsfinymanmefioangaie
T msunsnageumysunaasiivesamenguluuy
wawsdnAnsiulluviesmanadmiuresUjuins wieldlu
msfnuUSinamsuuiteu AFM, TuthusAuiivhSalau
waznAn ATt TauaTT AN uazasz3

Weldifuteyadivasannisvuitiouves
asozamenTudy Paeudtlaymnainamsluiiou
miﬁwa:Wm‘waﬂ%mﬁuﬂuﬁmuiﬂ ALAANATEIAINL
Uaoafevosuilaa uazifleidunsiiudneninves
nsunereaniuinislunisliuinis newwdndue
DIMITWALTANFUNADINNT NTUINYIAIFATUIAIS
FednwmsfnudTinanmsduiiouansesaimendu
W luusuazkinsineiuy lnemaila HPLC

2. 75115798 (Experimental)

2.1 \3esiiouazgunsal

2.1.1 3esdaluih (electronic analytical
balance) ildfaziden 0.0001 n3u &e
Mettler su XP 204
w583 HPLC St Waters aju Alliance
2695 uavaedul HPLC allawmannanls
atluuunn 4.6 x 250 Hadns UIIYeIe
C18 vwnayn1A 5 lulasiuns
\A30938 M (evaporator) B9 BINDER U
FED115
iw3esdslerh (water-bath)
Lﬂéaw‘hﬁ’m?qmé (deionizer)

2.14
2.1.5
2.1.6 Solid Phase Extraction; SPE cleanup
ProElut AFT1500 mg/12 ml(Cat.#65904)
YAQUNIAINIINTOINTOULHLUUTY
(membrane filter) ¥linluasu vun 47
fadiuns 0.20 lulasiuns

§7n394 (syringe filter) wiin MCM 50

cellulose acetate U9 13 Haaung 0.20
lulasiing viesnsesviadu Mamaul
witlouriu

2.1.9 vaendn (syringe) vu1n 10 Jadans

2.1.10 Bwumvwadn (vial) vuin 2 Jaddns

2.1.11 \30eufeine wu Jad manuiiuiunms
VALMUTINATNTINTIY viaeauiddynla
(headspace tube) Uninas waznszuoNAN
YUIAAIE

2.2 @15.adl
221 asuasgiueriamendu L51J1 A
U3avsedetieniesay 99.0
2.2.2 ex¥nlulnsa %u@mmwfmswﬁ HPLC
223 thilflenuuavsgs firanudunulai
laiasnin 18.2 MQecm
224 asazanenanozdvlulesg - ¥h 40:60

2.3 InQA9981
fhegemhunlslunisnsiaaeuanulylavadis

< ° a 3 3 a
Juthusfvannisulauy wunananeslsd wuglewi
w3 TelAsn nungLevd

2.4 NSLAYUADYY

Ejm‘fJLﬂmﬁaaﬂwafmuﬁﬁwwmau 50
fadans #1uld SPE awaast 1 Jaaansseund
a1siivesnamenduazgniull demedud SPE fae
thusimannlosoy 15 fadans uds elute a@sfiy
priamonduain SPE amwesdnlulasa 10 Jadans
SLMUENTaTAIUR 108199815 DesTIMEuTsazanERIY
a@sazans Mobile phase (ex@lnlulasd : 11 40:60)
31U 1 Naaans NTeWIUAINTBI UM 0.2 lulAsiauns
(o 2.1.6) asluviaudlvurndndrnsudagn
1303 HPLC

2.5 mim%'auﬁfaasjwﬁtammiazmﬂmmg'm
(spiked sample)

#2081911u WANANTAEAI8UINTEIY
peNaImenIu L’S:LI1 fiaududu 0.10 fadnsuse
addns asludmedne lagAmuINAULTNTUAY
U31IM3009815a 28R NN UDIMISTLAL Wa21a
NAFOUAIUTD 2.4
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2.6 MsasrdadBunalaswmaialamwesnesuuudaninlasulnns i
afunsvlinnsgIuInasaranenIgILeslamenTudy Anrududusgnin 0 fa 50 lailasniusio
fiadans Ainsesuinsasuun 0.2 lulaswes aduwinuiivwindn Saduedes HPLC muanzieses HPLC
Funzarlunsmedeu fe
MDA yawanndlFatiuaun 250 x 4.6 Tadunsuasninnedul ussgie C18 1wneynin 5 lulasums
?iﬁa Luna
fpmandoudt: oxdlvluless : 1 (40:60)
gnsInsivia: 1.0 adanseundi
Usumsiian: 20 llasdng
Lﬂéaﬂm%ﬁh: Lﬂ%@ﬂ@iﬁﬂfﬂ%ﬁmﬂgaaLial,%uﬁ (Fluorescent detector); mmmmﬁu 365 ULULIAS excitation
uag 435 ululuns emission
Lﬁaﬁwmiamwmaauawmmgmazﬂmwaﬂ%uLéul wud1 Unngitavesasfivesvamenduldy, fivan
4.5 (RT=4.5) iUl 2

0.90-

4589

0.80

0.70

0.60

 Afiatoxi

EU

0.50 }

0.407

|
ZLZW’\NM-/ : Lwaw

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00
Minutes

Peak Name | RT | Area | % Area | Height | Amount | Units
Aflatoxin M1 | 4.589 | 99956 | 100.00 | 8603 | 0.500 | ppb

—y

JUT 2 : uansinyesasaza g9 1R WA ONTULEN

2.7 msniudeunnuldlavesdd

TiFnwsdunsmuseurmldvesisauuyanis EUR 24105 EN: 2009 Tnefnundadeiifedos sl
auduidunss Tadfanisasranuiazindianisiauiuia Anundulazaudios wazUssifiuaiy
Tiwueuresnsia Inefineasdeamuiiseylude 3.1

3. nawazIa1sal (Results and Discussion)

3.1. nMsmugauaNuldldvesis
3.1.1 avwduduns (Linearity) veansimiunnsgu nevinnsdinunluge 0 fis 50 lulasnSundusiedlansy
laaduyszansnisivue (coefficient of determination, R? winfu 0.9999
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Calibration curve of Aflatoxin M1

8000000
= 137660x- 4555.4
R? = 0.9999

7000000

6000000

5000000
4000000

3000000 /
2000000 /

1000000
0 T T T T T 1
10 20 30 40 50 60
-1000000

Concentration (mg/L)

Area

FUN 3 : powdiniusseninm it tusas iuilins mvesa156va1001m 3511 AFM 71%29A20889 0-50 lalasni/ans

3.1.2 AATNANIIATIINULALTAIAANITIAUSUIUVNIENAEDU 1A8yiNITINFIBE19 LUAIATIUIN 10
1 9NMTAaBINUI TasrianIsmsaany (Limit of Detection; LOD) wirfu 0.001 Tulasn3usenlandy uazda
ansInUsunas (Limit of Quantification; LOQ) winiu 0.004 lulasnsumenlansy

3.1.3 AuularANUiisswe inndey "LﬁwwmsﬁﬂmﬁaasjwﬁLaumsazmammgmﬁ 3 SEAUAIY
Wty §9i 0.05 25 way 50 lulasndudedlansy swauaudaduas 10 91 Fernuuduuansdie
Ar¥osaznisAundularALTissuansema@udoauuduing anmmeasmuii fadeuaznsfunduiisesu
aududu 0.05 lulasnSusedlansy Wity 80.3-92.2 wasdidd@rudosuuduing whiu 9.21 A1%swas
msAunduiissruaududu 25 lulasnsusedlandy whiv 83.7-100.9 wasimdrudssuuduivs wihiu 4.85
AFeaznsaunduiiszsuauduy 50 lulasndu/Alandi Wiy 72.9-101.6 wazfimarudosuudingviiu 9.20

3.1.4 nsUszifiuAaulduduouresnisianiy EURACHEM/CITAC Guide: 2012 wuda fisséiu
Aty 0.004 TalasnSusienlanda fiAanulsluyeusenewindu 0.0029 lalasnfusoRlansu faadgmduly
PaLnaTNIsEaNSUYeIsANL EUR 24105 EN: 2009 #9 LOQ + ULOQ whiu 0.0069 lulasnsusedlansy &
fandfesndnasinguaneimua 0.5 lalasnsudedlaniy anguil 4 uandliiudsidnatumauliuiueuses
myiniinamsitvesiamendudy luriesujifimsmnemaila HPLC

PR
ATTHUSEAMBTDIATTHIRTE W HIRYBIRIANRTI U

m-:gm.'u
Calibration

mltnm_l
TR T T W Ea i)

asvamaniu
Calibration -
T au

ATERALUNAL Calibration

ﬂﬂul.'u'u'u'uqﬁnnﬂﬂmm-rgwﬁ AN

TRIEHEUTBIA TR M

FUN 4 : unasiiurvesanuliiuiveu
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Lﬁaﬁwmﬁmuaaﬁ%‘wmaumaszwaﬂ%uLﬁu1
AasRaLUaIna1n AOAC Official Method 2000.08
Aflatoxin M. in Liquid Milk Algnrnaouaalilives’s
e WioneseululdiuimegtaunlseSeu 5 faeg
vunaznadnSusuuiisimingluviemain 61 e
ﬁﬁﬁmsqimmmﬂﬁammmiuwwﬁuﬁﬂgqmwmmum WU
U%mmmaﬁwasﬂafmaﬂ%mﬁg lu feena 3 feg1aann
66 wg1e Tuusunu 0.035 i 0.055 lulasnsu/Alansu
wazthusdvanndulauy 25 egrsluiiuil sune
Undes Jaminunssrvdunazenedinman Jamin
ase13 nuansiivezvlamentu 18 2 lu 25 feea sim
ogszwing 0.04-0.05 allasnsusieRlansuuasshoehtu
fuannisy ﬁm%fuww%mmaxWawmaﬂ%uL5u1 Tu 3
9819910 5 $1e819 USUI 0.0366, 0.0552 way
0.0351 lulasn3u/Alansu snuaeu

4. @3 (Conclusions)

n1sMIugeuAINltlAveIiITn1sNaaa UR
U'%mmmiﬂwaw\lamaﬂ%mﬁul‘Luummzwamﬁmeﬁuu
mewmailalainesnesuuudaninlasunlnns @l wuin
asfiveyramenzudy ddasananduidunsdurig
aududiu 0-50 lulasn3usienlansa dnduuszanans
AMRUAINAY 0.9999 FATNANITATIANULYUIAU 0.001
lulasnSusedlansu Indinn1sinUsuiansindu 0.004
lulasnSuselansu AnuuLuLEnBA1SasazN1SAY
ndu Faflenoglutaa 72.9-101.6 uazANaLTiBauan e
Ardiutdosiuudusindoglugae 4.85-9.21
Arruldndusurg1gindy 0.0029 lulasnsuse
Alansu fissdupnududy 0.004 lulasniusenlansu
FrhAEnnseuimumzay waraunsalunageu
fhoghsuuaenandeiu Tnefimsduitogdluaaiiui
NFUNNUMUAT Fansranudn maﬁwawlmmﬂ%méul
wuldAney 3 f9E19 85I 0.035-0.055 lulasniy
seflandy wazhusRvannvidulauy 25 deghsluiiud
SneUINT8e TUIAUATIIVENT warSLADUINIAEN
Fwdaaszyd 1n 25 fehs wulimsudeuansiiv
oxvlamenTudu ey 2 d10819 dA1ogizning
0.04-0.05 lulpsnfusedlansy Fwnninnaeimnun
YBIAMLNTIUITN1581M1558NI19UsEWnA (Codex
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Alimentarius Commission) LagUsenN1ANILNTI
mmmqmaﬂ’uﬁ 414 (W.A.2563) L’%‘Iaammgmmmsﬁ
fiansuuiou Afmuslinsvudieuvesevramenduy
Lé‘uﬂuﬂjﬁuu 1aendn 0.5 llasnsu/Alansy
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KUINNNTIANTAUAINUADASB YRR URNSUALETSLAY
Guideline for laboratory and chemical safety management
U3 wselia’ waz Unun undnd!

Paweena Kreunin'” Pattama Nopparat'

unAnga

nsdamssnunnaenieresiesljiRnisuarasiafiosnsdiuseansnim aztisananuidsuazdesiu
wamsaifiornfniulutesfoing unmuiingusrasdiflewsuaieenud anudludesiuintunsians
suraaendeve o fiRinisuazansiadl naenaudunssussdiileairsnrsmsminliugiiiedeatusies
UftRmsilianaed measdeadomutsoondu 8 viade léud 1) ruddmesnisiniszuunsdamsdnue
Uaenfeveseslfiinmsiiierduansiall dorfvua nqmnefiiendes 2) nmseenuuussuumsdinnisiuai
Uaendeluneaujuins 3) nsmivanansiaddunsie 4) n1suenUssnmansialisunsie 5) nMsUszifiunndessio
guamanansiall 6) msdamsansiadisuase 7) mssenuuuiiesufiRinisitennuvaensde uas 8) Msianisvies
UfTRnsadn Tnesmeasdendomannsailuldiduamanstarssuunsdanisiuanudaendbvesies
UftRns@deanelunbenuniesy 553amna enwu wazaaiunsfing ag13lshd esdnsasdabiiinisousy
Aeadeaazduilagtu mssusimuvnliniug wasmsiaduaiisennuy e ladednfumnudasnivves
wesufiRnsuazansiad wionduaiuaisTausssumudaendelussdnseswiaides elmAnanutaonsy
Tumshaunelussdnsegnausinss mstuindouvesesdnsazfudiuniilunsensziuguniniesufians
suanunninuasAsandouvesUssinang1edibu

Abstract

The effective management of chemical-based laboratories can help to reduce risks and prevent
incidents that have the potential to occur in laboratories. This article’s objective is to enhance basic
knowledge and understanding of laboratory and chemical safety management, as well as to raise awareness
of workers who are involved in laboratory work. The content is divided into eight topics. i.e. 1) the importance
of the development of safety management systems in chemical laboratories — related requirements and
regulations, 2) the design of safety management systems in laboratories, 3) the control of hazardous chemicals,
4) the classification of hazardous chemicals, 5) chemical health risk assessment, 6) the management of
hazardous chemicals, 7) the design and remodeling of laboratories for safety, and 8) the green laboratory
management. The content is a guideline for the management system of green laboratories within the
public and private sectors and educational institutions. However, organizations should have relevant and
up-to-date training, knowledge-refresher trainings, and promote in-depth understandings on laboratory and
chemical safety. In addition, organizations should continuously promote cultural awareness of safety within
laboratories to achieve true safety. The organization’s drive will be an integral part that enhances the

quality of laboratories, life, and environment in Thailand sustainably.

' NUINIMANTUINIT NTENTNNITEANANY) IeImans IeuazuInnTTi
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10. ansifeuazansNanTvinUjAzenlaies (Self-reactive substances and
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Simultaneous determination of bisphenol A diglycidyl ether, bisphenol F diglycidyl ether,
novolac glycidyl ether and their derivatives in canned fishes by matrix solid dispersion with
ultra high performance liquid chromatography-tandem mass spectrometry
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BADGE-HCl, BADGE-2HCl, BADGE'HZO'HCL BFDGE'ZHZO and BFDGE-2HCV) Tua1wsnselas Iﬂﬂi‘ﬁlmﬂaﬂ?ﬂ?ﬂ
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fadnSusenlansy) mfesaznduuiaegluyie 60.8 9 114.2% 7 0.025 fadnsusionlansy, 81.2 &1 109.3%
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Abstract

A method was successfully developed for the simultaneous determination of thirteen monomers, i.e.
bisphenol A diglycidyl ether (BADGE), bisphenol F diglycidyl ether (BFDGE), novolac glycidyl ether (NOGE 3-6
ring) and their derivatives (BADGE-H O, BADGE-2H O, BADGE-HC|, BADGE-2HCl, BADGE-H O-HCl, BFDGE-2H O
and BFDGE*2HCL) in canned foods. Liquid chromatography with tandem mass spectrometry (LC-MS/MS) and
matrix solid dispersion method known as QUEChERS were investigated and validated to obtain a reliable
method for the application of concentration measurement. The method validation was performed according
to Eurachem Guide: 2014 using fortified samples at five different concentration levels (0.025, 0.50, 1.00, 9.00
and 18.0 mg kg™). The extraction recoveries ranged from 60.8 to 114.2% at 0.025 mg kg, 81.2 to 109.3% at
0.50 mg kg™, 80.1 to 109.2% at 1.00 mg kg, 83.7 to 110.0% at 9.00 mg kg™ and 84.6 to 109.1% at 18.0 mg kg™
with good repeatability (%RSD = 1.13-19.5). The limits of detection were 0.010 mg kg™ for all monomers, while
the limits of quantitation were the same at 0.025 mg kg for all analytes. The calibration curves were
provided linear up to 1000 g L™ with the excellent coefficient of determination () in the range 0.9983-0.9999.
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1. Introduction

Food safety is increasingly concerned about
public human health that affects food production
worldwide [1, 2]. Food contaminants occur from raw
materials and packaging involving in every step of
production. Food contact materials (FCMs) are
widely used for food manufacturing and a potential
source of toxic substances migrating into foods.
Therefore FCMs, i.e. metal cans have been
controlled to prevent and avoid risks to health
problems. Even though interior can coatings will
deter interaction between food components and
metals, they may release chemical substances, e.g.
bisphenol A diglycidyl ether (BADGE), bisphenol F
diglycidyl ether (BFDGE) and novolac glycidyl ether
(NOGE) into foodstuffs when the coating would not
be produced in good quality. It must not be only a
poor quality coating, but also the characteristics of
the foodstuff (pH, acid, base) can cause the
monomers to migrate out of the coating. Moreover,
during storage these monomers can migrate and
react with food contents, i.e. water and hydrochloric
acid to form hydrolyzed and chlorinated products
such as BADGE'HZO, BADGE'2HZO, BADGE-HCL,
BADGE-2HCL, BADGE'HZO'HCL, BFDGE'ZHZO and
BFDGE-2HCL [3]. These low molecular weight
compounds (< 1 000 Da) are absorbed in the
gastrointestinal tract and suspected to harm to
human health. Although recent available data of
BADGE and hydrolyzed products are compiled with
a lack of carcinogenicity and genotoxicity, the data

of chlorinated products are not available on

genotoxicity. However, BADGE and derivatives have
been recently revealed the cytotoxicity in human
placental cells and show an effect on placental
lipids and CYP19 activity. Since the researchers have
found that the accumulation in blood [4] and food
sensitization in young children [5], BADGEs and
bisphenol analogs would be a raised concern for
human exposure. Therefore, the EU Commission
restricts the use of these compounds. According to
EC No. 1895/2005 [6], the sum of BADGE and
hydrolyzed products shall not excess 9 mg kg™ food
or food simulants. The sum of chlorinated products
shall not exceed 1 mg kg food or food simulants.
NOGE and BFDGE shall not allow use in food contact
materials. For law enforcement, the analytical
method which plays an important role consist
of sample preparation and measurement steps.
The reliable techniques are required to fulfill this
need [7].

The food simulants have been applied for
the safety assessments of these compounds
contaminated in foods; therefore, early research
focused on the extraction of BADGE and its
derivatives into the water, ethanol, acetic acid, and
oil as migration testing [8-10]. The determination
of these compounds in real foods will be a better
representative of risk assessments to human
health; although it requires multiple steps and
complicated analytical methods as revealed in
many previous publications of researches [3, 11-
17]. The HPLC-FLD provided a very low detection
limit at 0.01-4.20 ng ¢ owing to good sensitivity
with a fluorescent detector, but it still limited only
BADGE, BFDGE and their derivatives [18, 19].
However, NOGE also involved in the safety issue
of can coating. In another research, ultrasound-
assisted solvent extraction of porous
membrane-packed sample and LC-MS/MS was
published and obtained good recoveries and low
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LOQ of 0.8-1.5 ng ¢ in canned vegetables [20].
Although several researches showed very low
detectable LOD and LOQ, these techniques such
as membrane required longer time for equilibrium
that would be a critical point of sample preparation
and lead to an error [20]. The matrix-matched
calibration was applied that would cause more
complicate and re-create several calibrations to
match with different kinds of matrix [21]. Nowadays,
the standard methods of these compounds are
published in 2 methods as following BS EN 15136:
2006 for BADGE, BFDGE and their derivatives and
BS EN 15137: 2006 for NOGE and its derivatives.
These standard methods provide accurate results,
but they have the deficit of using simple HPLC
techniques and run times of 85 min per injection.
Liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS) has been applied to gain
the advantages of shorter run time and simultaneous
method for all analytes. The sample preparation
step is also important for measurement. The matrix
solid dispersion or QUEChERS (Quick, Easy, Cheap,
Effective, Rugged and Safe) method has become
popular and is widely applied as a sample prepa-
ration technique for pesticide determination in
fruits and vegetables [22]. This technique was
investigated and revealed to seek out the sample
preparation method which obtains less labor,
time and solvent consumption for LC-MS/MS
technique [23].

This study aimed to investigate and validate
fast sample preparation and simultaneous method
for determination of BADGE, BFDGE, NOGE and their
derivatives, as well as the benefit of confidential
technique with good accuracy and precision.
Moreover, the developed method would be proved
and met the requirement of ISO/IEC 17025: 2017.
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2. Experimental methods

2.1 Materials and reagents
Magnesium sulfate anhydrous (MgSOa), sodium
phosphate monobasic (NaHZPOA-HZO or
NaPhosphate), sodium acetate anhydrous (CH3
COONa or NaOAc), tri-sodium citrate dihydrate
(C6H5Na307-2HZO or NaCitrate), ammonium acetate
(CH,COONH, or NH OAc), di-ammonium hydrogen
citrate (C()HBO;ZNH3 or NHaCitrate), and sodium
chloride (NaCl), analytical grade, were purchased
from Merck (Darmstadt, Germany) as well as formic
acid for the pH adjustment of buffer solution as
mobile phase (MP). Ammonium formate was
supplied by Sigma-Aldrich (Buchs, Switzerland) for
MP preparation. Methanol and acetonitrile, gradient
grade for liquid chromatography, was also supplied
by Merck. HPLC water was obtained from a Milli-Q
water system (Millipore, Billerica, MA, USA) at 18.2
MQecm. Octadecylsilane (C18) was purchased from
Waters (Milford, MA, USA), as well as a 0.2 Um
polytetrafluoroethylene (PTFE) syringe filter.
Nitrogen (purity ~ 95.0-99.5%) was supplied
by Agilent nitrogen generator (USA) for an electrospray
ionization source (ESI). Ultra-high-purity nitrogen (N)
was purchased from Lab Solution and Engineering
Co., Ltd. (Nonthaburi, Thailand) for a collision-in-
duced gas (CID gas).

2.2 Standards

Bisphenol A diglycidyl ether (BADGE, CAS
No. 1675-54-3, 295%), bisphenol A (2,3-dihydroxy-
propyl) glycidyl ether (BADGE-H O, CAS No. 76002-
91-0, 295%), bisphenol A bis(2,3-dihydroxypropyl)
ether (BADGE~2HZO, CAS No. 5581-32-8, 297%),
bisphenol A (3-chloro-2-hydroxypropyl) glycidyl
ether (BADGE-HCL, CAS No. 13836-48-1, 290%),
bisphenol A bis(3-chloro-2-hydroxypropyl) ether
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(BADGE-2HCl, CAS No. 4809-35-2, 297%), bisphenol A (3-chloro-2-hydroxypropyl) (2,3-dihydroxypropyl)
ether (BADGE-HZOHCL, CAS No. 227947-06-0, 295%), bisphenol F diglycidyl ether (BFDGE, CAS No. 2095-03-
6), bisphenol F bis(2,3-dihydroxypropyl) ether (BFDGE-2H O, CAS No. 72406-26-9, 295%), bisphenol F
bis(3-chloro-2-hydroxypropyl) ether (BFDGE-2HCL, Product No. 15139, 290%), novolac glycidyl ether (3-Ring
NOGE mixtures of isomers, CAS No. 158163-01-0, 290%), (4-Ring NOGE mixtures of isomers, chain-like or
branched, Product No. 04976, 290%), (5-Ring NOGE mixtures of isomers, chain-like or branched, Product
No. 12109, 290%) and (6-Ring NOGE mixtures of isomers, chain-like or branched, Product No. 30977, 2280%)

were purchased from Sigma-Aldrich (Buchs, Switzerland).

2.3 Instrumentation and LC-MS/MS conditions

The LC-MS/MS system consisted of an Agilent Technologies 1290 Infinity LC separation module
and an Agilent Technologies 6460 Triple Quad LC/MS System. The column was a Zorbax Eclipse Plus-C18
(2.1 X 50 mm; 1.8 lLm) with a Zorbax Eclipse Plus-C18 (2.1 X 12.5 mm; 1.8 lUm) as a guard-column (Agilent
Technologies) operated at 40 °C. The injection volume was 3 L. Elution conditions were developed to
successfully determine all analytes in simultaneous method [23]. Methanol and 25 mM of ammonium
formate at pH 3 were applied as mobile phase with gradient elution at a flow rate of 0.4 mL min™. The

gradient condition was shown in below:

Table 1. LC gradient condition

Time (min) 25 mM Ammonium Methanol (%)
formate (pH 3) (%)
0 55 a5
1 50 50
3 30 70
9 10 90
9.5 0 100
10 55 a5
12 55 45

The LC system was coupled with a triple quadrupole MS system equipped with an
electrospray ionization source (ESI) in positive mode. Nitrogen was used as a sheath and collision gas. The
ESI conditions were set as follows: gas temperature at 320 °c, gas flow at 8 L min™, nebulizer at 45 psi,
sheath gas heater at 350 °C, sheath gas flow at 11 L min™ and capillary at 4000 V. The scan segments for

each compound and ammonium adducts [f\/\+NH4]+ used as precursor ions are shown in Table 2.
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Table 2. Optimized conditions of mass spectrometry for determination of BADGE, BFDGE, NOGE and derivatives.

Compound Name| Precursor lon |Product lon 1| Product lon 2 | Dwell | Fragment (V) Collision cell
Energy (V) |Accelerator (V)

BADGE 358.2 191.1 135.1 30 100 9 a4
BADGE-2HCL 430.2 227.0 135.0 30 100 6 4
BADGE-H O-HCL 412.3 227.0 135.0 30 100 9 a4
BADGE-HCLl 394.2 227.0 135.0 30 100 6 4
BADGE-2H,O 394.2 209.2 135.1 30 108 12 a4
BADGE-H,0 376.2 209.2 135.1 30 108 8 4
BFDGE 330.2 163.2 133.0 30 100 8 4
BFDGE-2HCL 403.3 386.3 198.8 30 100 a4 4
BFDGE-2H.O 366.4 349.2 181.1 30 80 [ a4
NOGE 3 ring 492.2 3253 145.0 30 110 8 4
NOGE 4 ring 654.3 163.2 106.9 30 140 23 a4
NOGE 5 ring 816.3 325.0 162.8 30 160 25 4
NOGE 6 ring 978.0 162.9 107.0 30 216 36 4

2.4 Samples

Tuna samples were fully uncanned, pre-cooked and selected to minimize the
contamination of BADGE, BFDGE, NOGE and their derivatives from the coating of metal can. The tuna was
homogenized and mixed with some ingredients, i.e. water, salt and oil to obtain the tuna in oil matrix. The
ratio of added ingredients was the same as sold in local markets in Thailand. The tuna samples were
prepared by adding pre-cooked tuna (75%), deionized water (9.78%), salt (0.5%) and sunflower oil (14.7%).
For the study of extraction conditions, the tuna samples were fortified at 0.50 mg kg" and analyzed in
triplicate. For method validation, the tuna samples were fortified at five levels (0.025, 0.50, 1.00, 9.00 and
18.0 mg kg) in ten replicates per each concentration level including blank sample with no additional

standard.
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2.5 Sample preparation as matrix solid dispersion
or QUEChERS method

The sample extraction was performed fol-
lowing the modified QUEChERS method [23]. The
homogenized tuna samples in matrices were
prepared by using a DIAX 900 (Heidolph, Schwabach,
Germany). A sub-sample of 10 £ 0.01 g was weighed
into a 50 mL centrifuge tube and added 10 mL of
acetonitrile to extract for 1 min. The sample was
added with 1 & 0.05 ¢ of NaCl and 4 & 0.20 g of
MgSO, and then vigorously shaken for 1 min. The
mixture was centrifuged using a Biofuge Stratos
(Heraeus Instruments, Newtown, CT, USA) for 5 min
at 3000 rpm. Two mL of acetonitrile solution was
transferred and shaken with the mixture of 50 mg
C18 and 300 mg MgSO, for 30 sec. To separate the
sorbents, the mixture was centrifuged again for 5
min at 3000 rpm. The extracted solution was filtered
before injection to LC-MS/MS system.

2.6 Correction factors of matrix effect

Since mass spectrometry have been faced
the problem of matrix interferences, matrix effect
was investigated through the standard addition
method [24-26]. Analytes were spiked in the sample
with none-interested compound before extraction,
therefore matrix effects contributed to mass
response. This experiment is applied to compensate
any signal and interference error during the
measurement step due to the lack of isotope-la-
beled internal standard. The correction factor (MEF)
was calculated from the ratio of standard |
concentration in the matrix sample and pure

standard. The equation is as following:

M
MEF =—— (1)

where C, and C are the concentrations of
standards in matrix samples and pure standards,

respectively.

2.7 Calibration curves

The 500 mg L of standard solutions for
BADGE, BFDGE and their derivatives were individually
prepared in acetonitrile and stored at -20 °C as well
as the 1000 mg L™ for NOGE and its derivatives. At
this storage temperature provided high stability
according to the study of Szczepanska et al [27]. The
stock solutions were diluted by acetonitrile to obtain
six concentration levels of 10, 25, 50, 100, 500 and
1000 Mg L™ All calibration solutions were daily
prepared and linearity was investigated in triplicate

analysis.
3. Results and discussion

3.1 Optimization of LC-MS/MS conditions

The LC-MS/MS was evaluated to obtain a
fast and simultaneous method for determination of
BADGE, BFDGE, NOGE and their derivatives. The scan
segments and source parameters were optimized to
gain best sensitivity for measurement. In previous
study, several kinds, compositions and flow rates of
mobile phase were investigated; for example, acetic
acid-sodium acetate at pH 3, formic acid-water at
pH 3, formic acid-ammonium formate at pH 3,
methanol and acetonitrile as well as injection
volume [23]. As a result the use of methanol and
ammonium formate provided the best signal.
Additionally the concentrations (10, 25, 40 and 55
mM) and pH (3.00, 2.50, 3.75 and 4.00) of ammonium
formate were also studied and the best condition
was 25 mM and pH 3 [23]. In varied pH, the peak
area provided two time higher at pH 3.00 but the
lower signal obtained at the highest pH 4.00. In acid
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condition, these compounds could form hydronium, sodium and ammonium adducts, but these required
the sufficiency of sodium and ammonium ions from the buffer solutions. The different concentrations of
ammonium formate were also investigated and found that only peak areas were slightly changed with
variation of 10 to 55 mM and peak shapes were similar for all conditions. The ammonium adducts of these
compounds provided the best signal; therefore, in this study, the 25 mM ammonium formate at pH 3:
methanol was selected because of the highest responses in electrospray. This mobile phase condition was
applied in this study; moreover, these results had the same trends with previous publication [17]. The ex-
tracted-ion chromatogram of 1000 Llg L™ mix-standard solution was developed by using optimized condi-
tion as illustrated in Figure 1. In the chromatogram, some peaks of analytes were not fully separated due
to varied isomers of each compound [28, 29]. The injection volume has related to ratio of water and or-
ganic solvent for the dilution of extracted sample. When higher volume of water was applied, the larger
injection volume could be used. However, in this study, the sensitivities of all analytes were satisfied with
a 3 UL injection volume and acetonitrile used. This condition provided the benefits of less analysis time
from the additional step of sample preparation, solvent consumption and no need of additional
instrument for evaporation to reconstitute into other solvents, e.g. methanol:water (1:1) or

acetonitrile: water (1:1) etc.
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Figure 1 : The total ion chromatogram (TIC) and extracted-ion chromatogram of 1000 Wg L™ mixed standard solution
(BADGE, BFDGE, NOGE and their derivatives): BADGE, BFDGE, NOGE, BADGE-H 0, BADGE-2H O, BADGE-HCL,
BADGE-2HCLl, BADGE -H2O-HCI, BFDGE -2/—/20, BFDGE2HCL, NOGE 3 ring, NOGE 4 ring, NOGE 5 ring, NOGE 6 ring.
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3.2 Optimization of extraction conditions

The previous study was investigated
QUECHhERS method by varying inducers and sorbents
in order to obtain successful phase separations,
minimized interferences and also provide good
accuracy and precision [23]. Each inducer, i.e.
NaPhosphate, NaOAc, NaCitrate, NHaoAc and NH4
Citrate, was added to replace NaCl after extraction
with acetonitrile; due to different pH and water
absorption, the triplicated average of recoveries were
also different for each inducer. The use of NaCl,
NaOAc, NH OAc and NH Citrate gave the percentages
of recoveries in the acceptable range (81.1 to
112.2%) for all analytes, while NaCitrate and
NaPhosphate provided relatively low recoveries for
NOGE 6 ring (65.3% for NaCitrate and 59.4% for
NaPhosphate). Therefore, NaCl was selected because
of low cost and safety. Each sorbent, i.e. PSA, C18,
combination of PSA and C18, was studied because
their properties could absorb fat and oil for C18 and
amino acid for PSA; therefore, they were applied
during the cleanup step to reduce co-extraction [30,
31]. However, the use of C18 and the combination
of PSA and C18 showed non-significant difference
using two-tailed t-test at a 95% confidence level,
hence, only C18 was used as sorbent for method

validation.

3.3 Matrix effect

Matrix effect was investigated through the
standard addition method. Analytes were spiked in
the sample before extraction, hence both recovery
and matrix effects contributed to mass response.
The tuna samples were selected to be the
representative of canned fishes, since there is large
consumption in Thailand. The responses were
compared between pure standard calibrations and

matrix-matched calibrations, using a two-tailed t-test
http://bas.dss.go.th
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at a 95% confidence level. These results indicated
significant differences (P < 0.05) for all compounds;
therefore, the correction of matrix effect was
required to compensate for the difference of detector
responses between pure standards and matrix
samples from food components, e.g. protein, fat and
water content etc. The ratio of matrix effect (MEF)
was applied to compensate any errors during
measurement steps such as ionization efficiency in
the liquid phase and gas phase. The higher inferences
would affect to the formation of evaporation in gas
phase and reduce ionization efficiency; hence, it
provided low response in detector and also cause
the false negative of ion suppression. Since the
previous study was required to use the standard
addition technique for calculating the amount of
analytes, MEF ratio with the pure standard calibration
was employed to solve this problem and also gain
accurate, precise, while less work with the correction
factor and with that a great optimization of the

sample throughput.

3.4 Method validation

The performances of this developed method
were revealed in relation to linearity, accuracy,
precision, instrument detection limit (IDL), limit of
detection (LOD) and limit of quantification (LOQ).
The sample blanks were analyzed in ten replicates
to investigate contaminants from itself and
determine the LOD and LOQ. The linear regression
of six calibration levels were studied using relationships
between analytes’ concentrations and peak areas,
as shown in Table 3. The coefficients of determination
(r*) were better than 0.9983 for all compounds;
hence, good linearities were obtained from 25 to 1
000 Mg L™. Accuracy and precision were performed
at five concentration levels (0.025, 0.50, 1.00, 9.00

and 18.0 mg kg, as considering at a regulation
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limit and two times) and ten replicates per level. Accuracy was expressed as recoveries and ranged from
60.8 to 114.2% at 0.025 mg kg, 81.2 to 109.3% at 0.50 mg kg, 80.1 to 109.2% at 1.00 mg kg, 83.7 to
110.0% at 9.00 mg kg and 84.6 to 109.1% at 18.0 mg kg for all monomers. The details were shown in
Table 4. Precision was expressed as relative standard deviation (RSD), and ranged from 5.07 to 23.1% at
0.025 mg kg, 4.07 to 9.74% at 0.50 mg kg, 1.62 to 8.57% at 1.00 mg kg, 4.59 to 10.7% at 9.00 mg kg
and 3.69 to 9.36% at 18.0 mg kg’ for all analytes. All recoveries and RSDs were in the
acceptable ranges. The LOD and LOQ were calculated from three and ten times of the standard deviation
of results at 0.025 mg kg (near zero concentration as mentioned in Eurachem Guide) [32]. The IDL was
investigated by using pure standards that were injected into LC-MS/MS and obtained low detection limit at

part-per-billion (ppb) level. All performance details were shown in Table 3 and 4.

Table 3. Analytical method performance for thirteen monomers, i.e. BADGE, BFDGE, NOGE and their derivatives.

Analyte Coefﬁ.ciept of , Ins’sru'ment Detec'ﬁion Limit of Detect_ilon Limit of Quantitzition
determination (r%) Limit (IDL) (ug L™) (LOD) (mg kg™) (LOQ) (mg kg™)
BADGE 1.0000 0.5 0.010 0.025
BADGE-HZO 0.9998 1.0 0.010 0.025
BADGE<2H 0 0.9993 5.0 0.010 0.025
BADGE-HCL 0.9991 0.5 0.010 0.025
BADGE«2HCL 0.9993 1.0 0.010 0.025
BADGE-HZO-HCl 0.9998 0.5 0.010 0.025
BFDGE 0.9998 1.0 0.010 0.025
BFDGE+2H O 0.9992 10.0 0.010 0.025
BFDGE«2HCL 0.9983 1.0 0.010 0.025
NOGE-3ring 0.9999 0.5 0.010 0.025
NOGE-dring 0.9997 0.5 0.010 0.025
NOGE-5ring 0.9985 2.5 0.010 0.025
NOGE-6ring 0.9984 2.5 0.010 0.025
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Table 4. Extraction recoveries at five level concentrations (0.025, 0.50, 1.00, 9.00 and 18.0 mg kg'') for thirteen

monomers, i.e. BADGE, BFDGE, NOGE and their derivatives.

Recovery, % (average * SD)
Analyte 0.025 0.50 1.00 9.00 18.0
mg kg™ mg kg™ mg kg™ mg kg™ mg kg™

BADGE 87.32 +9.44 100.14 + 4.06 102.50 + 1.98 102.86 + 5.86 100.46 + 3.11
BADGE-HZO 8290 + 4.86 95.37 + 5.08 103.23 + 2.68 101.96 + 6.02 98.92 + 1.06
BADGE-ZHZO 80.18 + 18.60 97.02 £ 3.94 103.63 + 3.40 98.88 + 5.77 96.22 + 3.50
BADGEHCL 82.00 + 13.08 99.48 + 5.89 100.99 + 1.76 100.07 + 7.79 102.81 + 3.19
BADGE2HCL 93.06 +12.25 97.52 + 7.65 103.02 + 3.02 100.15 + 9.10 101.21 + 9.32
BADGE-HZO-HCl 78.11 + 6.23 97.05 + 4.98 98.83 + 4.80 97.82 + 591 97.2 £ 5.28

BFDGE 92.93 + 4.65 99.21 + 351 104.80 + 1.68 102.96 + 5.59 103.48 + 6.10
BFDGE-ZHZO 74.29 + 11.89 97.19 + 6.71 100.94 + 4.70 97.45 + 6.00 97.72 + 3.65
BFDGE«2HCL 85.84 + 14.96 95.03 + 8.79 100.04 + 3.91 94.19 + 8.72 93.06 + 6.69
NOGE-3ring 87.17 +7.92 100.46 + 5.34 100.66 + 8.64 104.11 + 5.23 102.93 + 4.72
NOGE-4dring 81.97 + 8.44 92.63 + 9.01 98.38 + 5.94 101.30 + 5.62 101.15 + 4.43
NOGE-5ring 78.33 + 7.20 91.68 + 8.01 98.16 + 5.61 100.85 + 5.70 100.34 + 1.96
NOGE-6ring 84.87 + 13.07 95.72 + 7.05 95.75 + 6.28 102.79 + 5.48 103.05 + 6.64

Robustness was also investigated following EUR 24105 EN (Table 5) [33]. These results showed
non-significant differences using a two-tailed t-test at a 95% confidence level. Thus, the developed
method was suitable to determine thirteen compounds of BADGE, BFDGE, NOGE and their derivatives.
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Table 5. Experiment sets of robustness by varying seven parameters, i.e. NaCl, MgSO .+ ACN, weight, C18, PSA and

MgsO, for cleanup step.

Parameters Experimental sets
Developed method (+) | Varied condition (-) 1 2 3 4 5 7 8
A)NaCl 1 ¢ a)NaCl 3 ¢ + + + + - - -
B) MgSO, 4 ¢ b) MgSO, 6 ¢ + + - + - _
C) ACN 10 mL c) ACN 15 mL + - + - + + -
D) weight 10 ¢ d) weight 5 ¢ + + - - + n
E) C18 25 mg mL" e) C18 50 mg mL* + - + - - ; +
F) PSA O mg mL" f) PSA 25 mg mL" + - + + . +
G) MgSO, 150 mg mL" | g) MgSO, 300 mg mL" + - + . N _

3.5 Sample analysis

The developed method was applied to the canned foods purchased from

local markets

Thailand. The several food matrices were performed, for example, tuna in oil, tuna in brine, tuna

n

n

mineral water, mackerel in tomato sauce, sardine in tomato sauce and tuna in mayonnaise etc. The

concentrations were found as shown in Table 6 and revealed the suitability of this developed method in

the analysts of canned food and complying to regulatory limit [6]. The quality control was also performed

by using triplicate, recovery and precision that fell in acceptable range. In comparison with other methods

[20], the LOD and LOQ of this study were a little higher than the performance in vegetable products due

to fat and oil in fish canned food. However, there were various ranges of LOD and LOQ either fish and
vegetable canned food [3, 13-17,19, 23], Sun et al. gave the similar limit of this research [15]. The BADGE

was found in below detectable concentration, which may cause from its transformation in food matrix

during long period of storage.
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Table 6. Average concentrations (mg kg™') of BADGE, BFDGE, NOGE and their derivatives in canned foods.

Sample Average concentrations (mg kg™)
1 n.d. n.d. 0.86 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
2 n.d. n.d. 0.32 n.d. 0.03 0.03 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
3 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
4 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
5 n.d. n.d. 0.72 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
6 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
9 n.d. n.d. n.d. n.d. 0.63 0.05 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
10 n.d. n.d. n.d. n.d. 0.07 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
11 n.d. n.d. 0.20 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
12 n.d. n.d. n.d. n.d. n.d. 0.03 n.d. n.d. n.d. n.d. n.d. n.d. n.d.
13 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.

n.d.: not detected. The sample details were 1) Mackerel in tomato sauce: brand A, 2) Sardines in tomato sauce, 3)
Sandwich tuna in brine, 4) Salmon spread, 5) Sardines in tomato sauce, 6) Mackerel in tomato sauce: brand C, 7)
Tuna green curry, 8) Tuna nam prik pad, 9) Tuna in soybean oil (Tuna sandwich), 10) Tuna in spring water (Tuna
sandwich), 11) Mackerel in tomato sauce: brand D, 12) Tuna in brine tuna steak and 13) Tuna in mayonnaise.

4. Conclusion

The reliable method was investigated to simultaneously determine BADGE, BFDGE, NOGE and their
derivatives in canned fish. The matrix solid dispersion or QUEChERS method and LC-MS/MS was successfully
applied with high efficiency which was validated and obtained good accuracy and precision with the pure
standard calibration. The MEF was also applied and gained more accurate and compensate any error during
measurement step. This method also provided the benefits of low LOD and LOQ in 0.010 mg kg and 0.025
mg kg, confirmation using specific ratio of precursors and product ions, less time, labor and expense, as

well as complying with Commission Regulation (EC) No. 1895/2005.
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n1snsdaunNldlavesisnadaulsunauandisn Laznzna

NazaNYIINNILANWHUNED1NS
Method validation for determination of released cadmium
and lead from paper for food contact materials
Andla Lundne’ Yasuns waned' 3ol ysuzna' Tud feangaed’

Jitwilai Waluvanarak', Nootjarin Phonhong', ‘Warunrat Buranakul', Wandee Luesaiwong’

UNANELD

msnsnaeunulildveiinaaeutinauandion wasnriflazareannnsznvduiaenns demada
Inductively coupled plasma optical emission spectrometry mﬁ%%ﬂaaummﬁs’m EN 12498:2005 Paper and
board-Paper and board intended to come into contact with foodstuffs-Determination of cadmium and lead
in an aqueous extract WU PidlFuveuedalodmTuNTAdULARIEL Waznza WU 5-50 uag 50-500
Lilasniusiedns audidu Adnsiianisnsamussuanden uazazia Wity 0.5 waz 5.0 lilasnsusedns Arda
Seluntsiadalsnaemandion uazazia Wity 5.0 war 50 lilasniudedns waznsnwiAaaleudes
uazAuiios Tdhsderarnsfiundy wasdosasvsmdudonuumnmegudinivsvesiiaessinoglutag 85.3-94.4
uazoglutag 0.63-2.92 muddu Aennalsluiueuveasazswiialiiuiesas 15 Assdumnuideriuesas 95

Abstract

The method for determination of released cadmium and lead from paper for food contact by
inductively coupled plasma optical emission spectrometry was validated according to EN 12498:2005 Paper
and board-Paper and board intended to come into contact with foodstuffs-Determination of cadmium and
lead in an aqueous extract. Results showed that instrument working range of cadmium and lead were 5-50
and 50-500 pg/L respectively. The limit of detection of cadmium and lead were 0.5 and 5.0 pg/L and the
limit of quantitation of both elements were 5 and 50 pg/L. The bias and precision studies showed that
percentage recovery and relative pooled standard deviation of both elements were 85.3-94.4 and 0.63-2.92
respectively. While measurement uncertainty was less than 15 % at 95 % confident limit of all elements

AR : nsEAuENE S UARLlEY Az

Keywords : Paper for food contact, Cadmium, Lead

1. uni (Introduction)

gnanvnssunszawlulsemdlne Tnedulnglunsidnussyinsinldlidutatuemslaonss usidy
TUiitensussgAsuesUazANIYLAs W genseaTy §ansyany naeanszawgniln videnasenszauuds feonuautR
yoansEAETTtntnUT amnsodn dn use vidpeenuuulimnyanfuaudfiussy uasiisuiuldvarnvany
avmnsomsTissiaanans mangn Sniawnliuewaulauazmiufesnisauduesiulaafidulinsodanaden
dowfleuiuussgisiivhantanuindug usseiusinszauiadudamadenvilefifudnevnsiunlimisala
11N vssgfasinssamwdonseawduiiaons Wilh nelis nseany nszameuds wasmvuznazay funld
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Vieviu U3y viseTesiuamsuuves 91U 9w a1n fy
naos 0 Aivhainnszawvidenszawuds saufennuy
vhannidensyauiitugiidunsusudahlusiliuis
uazazsinnuuanssiuusTatasilaemly iesandes
fauantAlunisifvinviguamuazdnoigeimsi
anunsnldsundadlidetadounindeusis q wie
ANENYEIHENS 1Al ¥S09aTIIME1RNZVDI8IMNT
tu susifeatunsznuduiasmsdedldfinmadon
fhoasinilugemmslulinaidmasonuuaonss
AaN1TUSINA NIEAEUREDIMITRIR0TINIINAFRY
awAsng  ileruUasnsvesfuslag Wy desazenn
uagliififeunniesiidmaronstinuuasmstuiiouss
HAnATueioMIUTTY Taen1swdnnszaudesia
avon fnsuudeuanansiediflegluszduiivaendos
AR INIATE U
annmglsuldfissideuninde FosTandurs
81915 Regulation (EC) No 1935/2004 (Materials and
articles intended to come into contact with food)
Tuszifoudnanlsuenussinnesianiionadusiae s
1015 17 Uswuan Fanszanuuaznsvauuds (Paper and
Board) dmifuvildlu 17 Ussuamiu Tnemsannnglsy
IFAfiusitenasides Guideline for the Compliance of
Paper & Board Materials and Articles for Food Contact
Tudouurthatuilidnsssyfansiudeuianiduans
Suvduazansefunididosmuauunadicuny uag
Bildlunaaou [1] wufsrfuussmalneildfmue
:u’1mgwuwamﬁmeﬁqmawmﬁuﬂimwﬁuﬁammiﬁu 2]
n13UssiuANNINKEAANIINTE AT ¥ENTU
duraems WneniaaeunnanurANLUaenduRny
Usinalaveniniiazaisesnainaivuznszavlagis
VAFOUANLINATEIY EN 12498 WoeUfjURnN59i0wmsa
goumnultlavesisnaasuneuiluldnu nsiaunig
naaouasaildnrrasuaalildvesivaasudiina
waaLiley wazmzia Magarsainnszanwdmivdula
2113 glasinisivuadanuliwiveudmunsves
HansvaaeuliiiAu Seeay 20 uasfnuandnuuziang
99938 1w drnsliauvesnniesile (nstrument
working range) AAIAN1IHTIANT (LOD) AAIAANTT
TaU3unad (LOQ) Aulowdes (Bias) NanszNuaN

wvi3nd (Matrix effect) Annaniiessewinenan (Interme-
diate precision) 91984LUINMULENAT The Fitness
for Purpose of Analytical Methods. A Laboratory Guide
to Method Validation and Related Topics. [3] Lazn13s
Uszanaaiauliniueurean1sin a1uenans VAM
Project 3.2.1 Development and Harmonisation of
Measurement Uncertainty Principles. Part (d): Protocol

for uncertainty evaluation from validation data. [4]
2. 35115938 (Experimental methods)

2.1 29814
ASEAUELRADIMSNYINANLED5I5UYRA taed
PULLAUNISHANLAEINU

2.2 \p3asiiouazgunsnl

2.2.1 \3pBudniing dwia wanawn eewdn
Ava Bfiadu awnlnsiwes (ICP-OES) 8% Perkin Elmer
U Optima 5300 DV

dnnziA3es Flow gas: Plasma 15 L/min,
Auxiliary 0.2 L/min, Nebulizer 0.80 L/min, Power
1300 watts, Plasma view: Axial, Sample flow rate
1.5 ml/min

2.2.2 \pipaenmunNgamndl (Shaker bath)

2.3 @151l
2.3.1 miaxawmmgm?iﬁa High Pure (n@#
PMNUTEMABLNSNN) dnsuasradulAsnsaeuiau
2.3.1.1 ansazangansguLaAndley AL
LY 1000 + 3 UN.ABERS
2.3.1.2 miazmammg’mmﬁ’a AL
WY 1000 + 3 UN.ADANT
2.3.2 miaga’mmmg’m?jﬁa Perkin Elmer
(HERANNUITLINABLUTA) FNSUNITUIANTATIAANTT
SaUsua memamanuleudaarnsmaundios
2.3.2.1 ansaganeannIgIULAniey AL
LY 1000 + 5 UN.ADANT
2322 msazmsmmg'mmﬁﬁ ALY
21 1000 + 5 UN.ADANT
233 asararensnlundnidudu 65% Bve
Merck (HanNUSLINALLDTIY)
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2.4 A5n1saduau

2.4.1 Frmslinuvenaiosie (nstrument
working range)

asradulasnisaeuiisy (calibration curve)
SEWINAIANUDULELATANUITLTUYBIENTAL A1UA Y
3197 1 wadhandulseavamsanaule (coefficient
of determination, R?) wmnAduUsyaNSandusius

Bulletin of Applied Sciences Vol.10 No.10 (Aug. 2021)

2.4.5 Mamaranuleuides (Bias)

WIBLLATNAADUATIDE 19T 2.4.2 iy
ansazAnEIMEIUNALVBILARTL LasAy M 71 3 ST
Pdudu (i nans g9 mussed 2 Tagldiedns
nsgawduL 10 91 Aot saransunsgTuNay

#1979 2 AIAINUTNTUYDITITALAININTTIUNTLT 3

. . SAUAIUTUTY
(correlation coefficient, r)
y . anududu (ulasnsu/ans)
@159 1 AIAIINTUTUYBITITALAILIUINTTIUREN #15azany - B
uAnLley e
anududy (uan/ans) 2
o - ansavarensalunsn (1%V/ V) - -
A - B
UAALIEA il A138AN8U NI IUNENT 5 50
ANSaransLUaLA - - ANUDTUTEAUFN
@ S [9 o
(ensavansnsalussn (19%V/ V) ANsaTANRSTIUNELT 25 250
aN3arAIENINTFIVYINT 1 5 50 AL DUTEAUNANS
A138YANBNINTFIUVINT 2 7 70 A18TaNEUINSTIUNENT 50 500
A138raNBNINTEIUYINT 3 15 150 AINUTLIUIEAURY
A3AEAWUINIZIUVINY 4 25 250 2.0.6 NSANYINANTENUINUNIAG (Matrix
A138ZANBNINTFIUVIAN 5 50 500 effect)

2.4.2 MIPSUULAYNITNAABURAIBE

Faogrenszane 10 + 0.0050 ndu ldluwn
JUBNN YUA 250 adans Buusenleseudidala
ansuaulaeanles $1uau 200 mL thiregnsdilallain
ﬁqm%qﬁ 80 °C (flunan 2 $1lus ntunsesansavane
Wi ssegnadetihdeu 80 °C Taadlurausuusunns
4119 250 mL fsliduiigungiivies unsalusinliid
ALy 19 v/ 9ntuduUBings wasthlutagae
Lﬂ%m ICP-OES

2.4.3 n153ANAAN15ATIINT (LOD) Uay
Yaniansinusuna (LOQ)

WSUULATNAFDUMBY 1MUY 2.4.2 Lagly
Frog1ansEane S1uy 10 9

2.0.4 NM58uUsuInINnNTInUSLINM (LOQ)

W3 EULAENAFEUMIDE19RNTD 2.4.2 Tagly
Freghanseane S1uau 10 9 WaTazaeNInIgIY
naugeLAnlon uazazifiaududy 5 way 50
lulasnsu/ans
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IMSYULATNAADUFAIDE19AINTD 2.4.2 LAY
A1TATANENINTTIUNANVDILAALTEY wazazia 71 3 Sz
Aty (F nang a0 ARSI 2 AnARaY
AMUEILEY LazES 1IN INTEIINeARR AL LA
AUANLIALTY [5]

2.4.7 mymmAanufissszninnans (Interme-
diate precision)

LASEULAENAADUAIDE1ININTD 2.4.2 LAY
A1TATANENINTTIUNANVDILAALT Y warmzi 71 3 Sz
st (5 nana g9) aumsnail 2 Tnusias Suwmsen
ansazangldfiegnadiuan 4 91 uavinseEeULUS
Hu 3 Su

3. HawaLIv15ad (Results and Discussion)

3.1 929n15 199UV aLATRED
ANMUTULATAT R? VBILAALTEL LaTATNT LAnd
HIANTIN 3
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715799 3 Y9auTudunss ANTY uas R

Yosuamdon uaznzna

AduUsEans
s s 4
adndunus (r)

510 | dasenadudu| anwdu | R
A39 (uAN./Ans)

wAALEL 5-50 53.6  ]0.9999 0.9999

e 50-500 9.20 ]0.9999 0.9999

3.2 IAINANITATIAN (LOD) waz IAINANITIA
Usueu (LOQ)

YINANTVAEeUINAIIR LOD Auaunsd
1 TaeA LOD wasunnlen uazazii fauvinfu 0.5 uaz
5.0 lulasnsu/ans mua1du wagmwiaA1 LOQ 210
aunsii 2 Fean LOQ vesuandlon uazasia ey
1.0 uay 15 lulasnsu/ans auaisu

LOD = 3(S,) Q)
LOQ = 10(S,) @)

v

S,= 5D ATUIANKANTIINAZDUAT LOD 911U 10 91

n = fungvewedsiivesfiRnislddwmiveen
1891y dmSunisnadeuiiimuely Wity 2

n= Sruauswesiuase fivesufuinislilunig
npgey dmiunsvaaeuiiiiuualivingu 1

3.3 MsguguTAIINAN1ITIAUTU (LOQ)
fisyiuaududuvesuaniiion waznzio
Wity 5.0 waz 50 lulasndw/dns mudeu detua
NMSVAFDUYBIAIN 2 suIAINASaEazNSAUNGY
(% recovery) uazdosazAndsuuInTgILANINS
(% RSD) & nReuiisutiunasituauansiemnsad

7157991 4 ArdaeasnIsAUNEY (% recovery) uaziogas
AndeauuaInsgauinG (%RSD) vosunnlen uasnzia
finarududi 5.0 uag 50.0 lulasnsu/ans
(F1uaasaInuanIsagay 10 91)

v v o |a Sapazdaudes
AUDUTY | AAUTUTY | Sovazng
4 4 P LUUUINTIIU
570 ag (uAn./ | w8y (WaAn./ | Aunau(% v @ %
ans) nn.) recovery) v
’ (%RSD)
uAnLle a7 0.1177 94.1 1.0
e 42.7 1.0666 85.3 2.1
LNUTIFLA 80-110 <10

asUA LOQ vasuAnilion uaznzivednis
vegeutiviidu 5.0 ua 50 lulasniu/ans muansy
Wesandaaulowdes armnudiss wasauly
wduaweglunuani LA

3.4 AAulaudey (bias)

PIHANSNAFDUVBIANTAYANF 188199178
2.4.5 mududiuay 10§71 99NN1sATI9EEU outlier Y8
nsAnwANlawdslaensly Grubb’s test wuan
Lwiazmmﬁwﬁuﬁ%’a;ﬂaﬁﬂu outlier iiuSeeay 20 ¥4
Foyanaun Gagnsunn outlier Ine Grubb’s test fio
G_ = I%ayjaﬁmé’a—m.a?%al

ANDEAUUNINTIIY
G <G uanei Joyvatulididu outlier (Ine?i G
cal crit Y, o crit
= 2.290 @SUINUIUMGUNIAU 10) 3IAUUATUILAN
Souazn1SAUNAU (% recovery) aUszNUAIAILLDUY
1883 IneASouazn15AUNGU (% recovery) UaauAALEl
WAz LERIRIN1S199 5

7157991 5 A1598agN15AUNEY (% recovery) Yastanilon

uazaena Yadn15anwIn1ulauses

519 | S1wauitda | anududuves | anududuil| fevazns
asidaly | Aeszdld | Aundu
fqeg1e (Wn/An)  (un./nn.)

9 0.125 0.1177 94.1

upaden| 10 0.625 0.5813 93.0
10 1.25 1.1774 94.8

10 1.25 1.0666 85.3

pE 10 6.25 5.8079 92.9
10 12.5 11.7981 94.4

NUBINA : * FiD ﬁsqﬂ%'auuaﬁlﬂu outlier IngAspeagn1sAunay
(% recovery) vosuaniloy uazmziiogluinasii
Anua

3.5 HANTENUINUNING (Matrix effect)
WgULeUAMLTY YoddulAsnIsae Ui Uiy

auturesnsiinaenssinsma I LEs UMY

Wuduvesansvarenunseit 2 Tneauduvesisaes

asiFsauaneslaiiu 109 futasnuaunsd 3
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[PuturesnTMiNAsEI-AmTLYaIN T spiked sample]
x100(3)

% AVULANANT = =
mwrﬂm‘uumqniwﬁmmsgw

A19199 6 AIAIUUANANAIINTUYBINTINUINTZIUMAENTIN
spiked sample YauandgN UazAA2

AMUTUYRY N5
% AULAN e

516 s spiked . LNAUIINIAUA

#19
UNIFU | sample
nAALlgy 53.1 56.5 6.40
S <10%

Mz 9.14 9.10 0.44

3.6 MAMUTiBIsEIenans (Intermediate precision)
WHANITNAADUYVDIATALA1UMI08199 N VD
2.45 pududuag 12 4 fruanedesarn1siundy,
Afovavvesddenuunnsgudusivg (%RSD) udn
thieyafiliannsfnuenuiiiesnvageu outlier Ing
nsld Grubb’s test inausin1ssenfudru vy
wnsguduimslinuiosas 10

%RSD =32 X 100 @)

M1599 7 SFUAIEIUTEIUUNINTFIUTUNNS 1NN 157529
AOUAIIUTBNAAEAYINNTISTINIUYUAATENLES AZA2

(AurdanaanIsuaaay 12 1)

579 fwawida | anududuvesdans | %RSD
ManTudaagng
(uAn./nn.)
12 0.125 2.96
uARLe 12 0.625 0.55
12 1.25 1.03
12 1.25 2.80
AEi 12 6.25 217
12 12,5 1.90

wnewg : lifigadoyaidu outlier lnaArdidesuuinasgiu
Juiins (%RSD) vesuAnley wazazioglunaminimun
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3.7 msuszanuaanuldutueu

nsAnunileREnsUssanaAaalludueu
w99n1730laelE method validation approach 73
1BNa1591999 [4] leeunasvesainiuldutuouunain
mIsnageurlomdes uR ) warnsVAdeUAILTIEs
u(P) warUszanamALLLeuYeIn T Inldsd

u. = CyJu(R)? + u(P)? (5)
e ¢ Ao AMUTLTUTOIETaT AN
U 9 AUl UYBUNINSEIUTIL

way AANlLLULaNYEIY U winiu
U= k X U, (6)

\la K fie A1 coverage factor dAWNAU 2 9
SEAUANURBLUSRERAY 95

#1979 8 aUunasAINlsiuiuauvainisin
uagUsuramaruIadla

unasvasAnulsinuay wanLiew Az
— 0.0041 0.0050
u(Rpy)
t-test Iuddy | Hdvdey
CPRFIGITGIR - 0.0352 0.0357
u( Rm)
— 0.0066 0.0486
u( Rs )
u(R) 0.0358 0.0603
A u(P)/P 0.0296 0.0280
AnulaiiuuausY, u_ ug/L 1.1615 16.6263
anallaintivounens (U) fisedu | 2.3231 ug/L 33.2526 ug/L
AuBieduSovay 95 (k= 2) | (0.0581 mg/|(0.8313 mg/
kg ) kg)
ANUANTY (Radansureilansy) 0.625 6.25
uldwiuauvensdndudovay 9.3 13.3
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q, a'ale (Conclusion)

nsasageunulilavesiSnagouUSun
waniley wasmzmfiazateainnszanuduiaeng fe
wAtA inductively coupled plasma optical emission
spectrometry AN NAAOUNINTZIY EN 12498:2005
Paper and board-Paper and board intended to come
into contact with foodstuffs-Determination of
cadmium and lead in an aqueous extract 1gnTI3
aau@mﬁﬂwmzLawwﬁuamamﬁamaﬁ%wmau TawA 439
AMULdEURSS MsATATIRANITATIANT MSAn
Yanansinlsuna nMsmAANleudes nanseEnu
Nteans nsAnuiiss wuin Wulumanesi
fuusnazdanuldulysuremanisuageuiiseu
amuidesiufenay 95 vewh 2 swliiAudosay 15 fos
UUmnsarunsainisnaaeudenaiunlenaasum
Usinaandlon wazasiifiazatsainnseaivduda
21516
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ASUSEUIBUNISUIAIAINSDULUUNTOE I UABE19TIUIATENINNINAGBU
UINIZU ISO 18125 1Lay ASTM D5865

Comparison of gross calorific value in biomass between standard test method
ISO 18125 and ASTM D5865

§ v o N

2WINUS WUsnTe

(] 9

Wachirapun Punkrawee'

UNANEYD

nATeiiUTeufleudmauiouLuUNseaTinnae UAETIIAFE MY 1SO 18125 uaz ASTM D5865
vstna 5 vila laun ¥udes (A) Tudes (B) lilwnswis (C) wnau (D) wazngaiugnin (E) nanisanwilaaiaing
YauuuunseaSuwadtusel IWenamns > auses > Tuses > wnau > nrauznin Sevazvesdruonuy
mmmué’mﬁwémaqﬁq 2 78 fanlnalAgaiu (ASTM Anegsendng 0.07 - 0.21% Uag 1SO 8g¥1Ine 0.08-0.18%) e
WRUIBUANAILEUIINNSNAAE TR TIRA TN EER t-test WU AN t <t waned1 Bvinaeunsgiu
maaﬂmmamsmmaa‘ummwmauuwﬂsaaiumaEmmmawimLL@ﬂmaﬂuammuammm“mmmmuu 95%
Fatiu Bneaeun1nsgIu ASTM D5865 atuisaiuvsuldlunisvaasudiainuiousuunsealudiegis
Fanale

Abstract

In this study, comparison of gross calorific value between ISO 18125 and ASTM D5865 in five types
of biomass, including bagasse (A), sugarcane leaf (B), rubber wood (C), rice husk (D) and coconut shell (E),
will be conducted. The results of gross calorific value are as follows: rubber wood > bagasse > sugarcane
leaf > rice husk > coconut shell. The interval values of percentage relative standard deviation (%RSD)
obtained from both methods are similar which are 0.07 - 0.21% and 0.08 - 0.18% for the ASTM D5865 and
ISO 18125 method, respectively. For student’s t-test, it was found that ’ccaL < tmtical. Therefore, there is no
significant difference between calorific value of biomass sample from both methods at 95% confidence
level. Hence, ASTM D5865 method can be applicable to determining gross calorific value in biomass

samples.

9w

AFARY : AIAUSBULUUNTOE T8

Keywords : Gross calorific value, Biomass, ISO 18125, ASTM D5865

1. uni (Introduction)

thgtulssnnslandistuesamadwiliaudemsundmuiuiuessoios ndsnudlugjn
Mneada (fossil) Wy 1l uavuiasssuvizeduinasite daf nslindsnumadonsu 9 WU WAKUAY
wdsemanenudedldian wasndunndenddinmdalumssddymiunsmasnaundselueuian
Ustinalnemegluwndoutudafimnumainraiensiinmgslnsamedfiiusnarsin fomgindsuan

! nsuinermansuinig
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Fomasthamlneameziunasafusideniinzay
feinasidontaqudelinisnisinuesuld
udos unau nvatuznd edsstunansznuain
NFVIALABUDINT
Audnvuzvendomasdnadeddisnig
naaouillunasguseiuanaiiiolinanimaaoud
auideiowanidufivensu Tnsamenisdedudi
ganluvredainsusemadifinismnuanasinie
AMANYMZAN 9 WU A1AUTBULUUNTOd (gross
calorific value) USunaulangntin AunuILuy wals
naasvimsgutiuinislitunarnuansdudugldin
A9IN1591989119557Ule W Ussineansgolsniay
’SNiﬁqmummgm ASTM (ASTM International) @saw
glsUsin9w9BewnuanmsgIuYes DIN (Deutsches Institut
far Normung / German Institute for Standardiza-
tion), I1SO (International Organization for Standard-
ization) %58 ENs (European Standard) vurilody
919899UL1M 351U JIS Japanese Industrial Standards)
faifu msliuinsiiesesd nadeuvesiosufuinng
Ay ldmusnsgIufivainuats ioneuauasie
ANUABINTITVBNE ITUTNNS
AndnyddydmILTInafe AAwou
(calorific value) Fufundanuainusouannisnlng
fomaginin Heusrwanuluniivgasensu (J/g)
wARR3san3u (cal/g) valigsevaud (BTU/b) Al
Souuvadu 2 vila Ao AmIuSeuLUUNTEd (gross
calorific value #5® high heating value) wazA1AIIY
FOULUULUN (net calorific value %39 low heating
value) Ineilugnnamilesrnaudeusinvaneds Aaan
$OULUUNTEA FI41U15ONAAOURI8LATEY bomb
calorimeter 83AUsENOUNANDITING TalA ANSUDU
() sendiau (0) uazlelnsiou (H) ieTunagrunlud
nmeldussniAvesesndiauaslanandundunia
msueulasenled (CO) wavI (H0) Faaunnsil 1

GHO.(s) T Oz2(g) ™ CO(g) T H20() (1)

usnanensuey sendinuuarlslasaudady
peRUsEnounankan Hinadalisglulasiau (N) uay
g (5) Wudnlszneudsazgnesndlad (oxidized)
vaszunindinaneifunseluain (HNO ) uaznsaiuzdy
(HsO) AnganufouliunszuulagazFonsaudy
acid formation uananil FArAuSouAstuINN
#e (cotton fuse) fllilumannaeudne deihu iitelvin
s189ruA1AIINTeuiiaugniesIefesina Ll
yaarAufourne  Fduitinanujisenniglu
combustion bomb ABUTIEUNANIITNAGDU

FWnaaauumsgiudmiunismeianuiou
wuunsealivane s wWu 1SO 18125 [1], 1SO 1928 [2],
ASTM D5865 [3], ASTM E711 [4], AS 1038.5 [5], DIN
51900-2 [6] YaqUudtdnauninsgIundndun
gnaMNIIUANVUANINSEIU Nen. 2772-2560 [7] o
wasTunaudedadia WemuauaunimiFemasianng
wisildannisinaslifmdeangnaivnssmiedan
wiielinansinunsndadia wen. AinangeBanis
VAAOUANGN YT YBIAIANNTBULAETTNAGRULATIIY
ASTM E711 (Standard test method for gross calorific
value of refuse-derived fuel by the bomb calorimeter)
Faduinaasuainiueunvunsealufiedig
Weindsey (Refuse Derived Fuel: RDF) wind1istign
snidndaudifounsng e w.a. 2554 Turueiiisnaaey
UMIFIU ASTM D5865 wae 1SO 18125 Tagiudmadl
nslfaey fefu msfnudasuisuifiounismen
Anufounuunsealagliinaasuninsgu 1ISO 18125
uay ASTM D5865 LlasaniBunsgusisaesiivinns
nadeurAouiindefulagliEfnummuiou
LuUnseasaunsi 2 wasdie repeatability (A1n73
¥17u%1) ua reproducibility (AN15¥E7) vesiEnadou
AT 1

[(te)—el—e2—e3—e4] ©)

m

Q, (gross) =
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e Q (gross) = APNTaULUUNTed (J/g), Eq
= heat capacity 189 calorimeter (J/°0), t = ’qmﬁqﬁﬁ
RuvsInsnaaeu (°C), el = acid correction (J), e2
= ANAUSDUINNNTHENLNIIANN cotton fuse (J), €3 =
sulfur correction (J), e4 = combustion aid correction
), m = Yuindedns (9)

#1579 1 Repeatability (r) az Reproducibility (R) a4
35 1SO 18125 uag ASTM D5865

WUz Repeatability Reproducibility
/9 /9
ISO 18125 140 400
ASTM D5865 149 256

Fvedeuannsgmu IS0 18125 Ui AlIvaaey
Apnuseulufietiademadanan (biofuel) @wis
VAEOUNIASEIU ASTM D5865 s nadeumnuiou
Yauegsd Uiy (coal) wazaulan (coke) Tnevily
fhufuuazdanaiiesdussnoufindatu laud asuay
lalasiau oon@au lulnsiau wagiugay waauiud
Uinaduzdunazlulasiouiigeninduna veaou
wesgusansiafinnuuandsiulunsfuameug
acid correction (el) wa sulfur correction (e3) lng3s
50 18125 ¥nslnmsminiians combustion bomb
NHINTNARBUAIBE1TAEAY 0.05 M Ba(OH), uaz
asazaty 0.1 M HCL wiemuaaen el(elm) ey e3
(e3 ) flvaumsii 3 uay 4 69138 ASTM D5865 a¥lminsn
favansazaly 0.07 M Na CO, Wothunmuruad
ellel, ) wazwSunmmuzdulaoifiu BaCl lvinn
nznoulugy BasoO, Wiemwane e3 (€3 ) FaaunIsi
5uay 6

eliso = 6.0 X (20 —V;)
€350 = 15.1 X (V; +v, — 20)
elastm = 42X Vs
e3astm = 55.5X S X m

e1iso benzoic — 6.0 X Vg

http://bas.dss.go.th
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e V, = 131175 0.05 M Ba(CH), alunns
Tnnse (mU), V, = J31115 0.1 M HCL A#lunslnmsn
(mDV, = U315 0.07 M Na CO, alumslnmsn (m),
s = ¥ppazvosrnuzduluinetng (%), m = tuindens
(8), V, = USunn3 0.1 M NaOH lalunmslmmnss (ml

HaqtuiinsliiBvasoumnasgruiievnAinny
Fouwvunsealuanidy wu lHisvaaeunnsgIu ASTM
D5865 luTnasauisiinausswinedsdlnauazideon
nanaul1au [8] wazdiuiaainnisdnalug [9] waydd
NAFOUNIATFIU ISO 18125 TuTau1891n3 18N
Wiwns Uean axunun [10] wasdianaandaueua [11]
etk smAAdeuLUUNsealuTIIaaINsa R
naaouiasgIuliiaedis

nsinveaaeuAIALSauLUUnsaalusiag
Fladfifusdufussdusznay Wy benzoic acid
(CHO) s‘ﬁﬂLi‘]umimmgmﬁiﬂumsmuaaummm
foutyagliiiAnnsafuzduty Sdsidesduane e3

LaYA1 el M1U3T 1ISO 18125 el . ) glvasavans

benz
0.1 M NaOH lunslymmsaunuansazans 0.1 HCL A1
WALERI s@unTST 7 @935 ASTM D5865 laifinsuen
lunsdlves benzoic acid FefuanA ellel )
ALELN1ST 5

\losanansazany Ba(OH), FlamauAnLss
NAFDUNINTFIU ISO 18125 anunsannaznouy BaCO,
dleduiatuanmevilianududuves Ba(OH)ziu'Laﬁas
wazilianaudeldiiunanuilinmsmenud el, e3)
flon1amataindeuld uditvaaevuinsgiu
ASTM D5865 liansazany BaCl %ﬂﬁmﬂmaamﬁqmdw
@nsavany Ba(OH), FetauAdetarAneanuunns
YOIAIAIIUFOURUUNTBANIUITNAGOUNINTFIY
SO 18125 wag ASTM D5865 Lflefigaiidn 35 ASTM
D5865 @11150 [ NAdaUAIAINSDULUUNSDEUAIDENS
Fonald wazfudoyalunsidenliiBumsgiuivans

adlunismainusauvesieg19Tiianall
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2. 75119798 (Experimental methods)

2.1. gunsnluazansiadl

2.1.1 Bomb calorimeter 8% LECO §u AC-600

2.1.2 nsavany 0.05 M Ba(OH) , 0.1 M HCL uag 0.1 M NaOH THlunisAuiauuinads 1SO 18125 anu
dunsh 3, 4 wag 7 Ay @sazate 0.07 M Na CO, wag 0.05 M BaCl Tlumsmidnnasuiniu ASTM
D5865 ANANATN 5 Uag 6 AUAIAU

2.1.3 @151193371U benzoic acid (LECO 502-892) Aausaukuunsaa 26448 + 34.75 J/g Tilun1smiu
@ou bomb calorimeter Tuda 2.3.1 fuiunnsgiu (LECO: part No. 501-001) lanaaeuniude 2.3.2

2.1.4 Fna 5 via laun

1. 91udey (A) 2. Tudey (B) 3. lily1ew1s1 () 4. wnau (D) wag 5. nzauznin (F)

2.2 NSNAFDUNINEDRA
2.2.1 W3 UWBUALRAET8IAIAIILS UL UUNTOAVBIANTUINIFIU Benzoic acid 91NN1snaaadiuanse

i

aulususealngld t-test WU t-test for bias MUANNIA 8

(X — Xcrm)
t—test = T (8)

Vn

dlo X uaz SD = ﬂlﬂLagEJLL@%ﬁiuLﬁﬂﬂLUUNm%ﬁﬁu‘UaﬁNamiﬂ/lﬂﬁa‘u, X_,, = MmuiouIesEsNnsIY,
n = FIUIUNTNAADU

222 LU%‘&JULﬁ&thLa§EJ°Uaqﬂ"1mm%fammuﬂsaaﬁmaaumﬁgmmmu ISO 18125 way ASTM D5865
LwaimuuiaawmauawuwaJﬂLﬂsaumauummmmm (precision) #ilyiuansaiiu maaa.ﬂﬁuaam F-test Tunsuaaeu
AMULUSUTIU (variance, 67) mawamamaawmwmmLLUiUiaulmmemu ( =0, ) MnthuSeudioud
waslngliisnsann student t-test wuu Pooled variance

2.3 Fnmegeu

2.3.1 MUABULATEY bomb calorimeter lngnadaUAIAIUTOURUUNTOAVBIANTUINTIIU benzoic acid
M1035 ISO 18125 Lz ASTM D5865

& A ' A A ey o Yo ad & v @

mMavnaestiienaaeudn insesefliaunsolinageuldiuiBuasgunaesaslinanisnageuiduly
AINNUINIATFINAMUA TunsunIIageukandludsivanugunl 1 TnevegeuAnuSouresasInTEIu
benzoic acid 3Faz10 91 WeAuTauilaumadey outlier METs Grubb’s test MNTuUNATOUAILTBUBES
(bias) IneLUSeuiieuAadevasrAuaunlinmvaaeuiuAmausaunulususedlagliisnatalude 2.2.1
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41 benzoic acid 1 ni

!

FRAREUA AT UL A
At momb caloamaoter

!

'"'""""l""""""} .
Acid comecton (e1) Acid comection (e1)
I 1
1 i 1 v I
<Twivaadan 0.1 M NaOH - IninamATy 0.07 M Na,CO,
i - ATWIUR AT 7 | I - AN ANT 5 1
] 1 I 1 ]
]
! | F— - L) e — |
I
1 1 = 1 1
Annausaseumsnun 2 | Arurtusarateurununsi 2
:.....- - - - - | :. - - - - =l
ISO 18125 ASTM D58BES

3U7 1 : d4lvia (flow chart) ¥e935m5yIudeURIAIINsOULUUNTOaYEY Benzoic acid

2.3.2 Wsuilsumeufeuluunsoauesansiasy Ui uiLinaae Ui nadeULAssIU 1SO 18125
ae ASTM D5865

Funawazduiulowdstneundefuusiuna danuduileienty (homogeneity) doand A8
FonlfannespudniudufunuuesiediifoduszneulndiAssiuiunalumauisuiisusanuiouty
‘Uﬂiaaﬁwﬂaauiﬂﬂﬁﬁwm%mm@u ISO 18125 uaw ASTM D5865 Iagfiny1A1uuanmI9uedmIAIsTouLuUNTe
andainenud el waz e3 v 2 38 9 av 10 Slaelishedatsyana 1 ndu Brsnaaeuuansluislaniugud 2
WisuiisuAadslngliitneadfiniude 2.2.2 uasnedeunriniies Insi3suifisududouuunasgiufuen
repeatability ¥o938MuUA1TT 1

http://bas.dss.go.th



2MFESHAMUIVINGG NSUAINEIFEATUSAS V9 10 aTUdi 10 Femnau 2564)

e o o e o

Faimtin 1 ndu

L J

WREUA R s e

#rm bomb calorimeters

57

el H combustion bemit

Cofon fuse comection (22)

i1 combustion bamib

L

o

¥ sulur corection {e3)

i come

e ==

w

L Y

Acid cormection (o)

v

sultfur comection (o)

L 3

Trinardau 0.1 M HCE
- AT AN 3

AT 005M BadOH],
- ATUIEEA THATT 4

!

et

150 18125

Tnrmdan 007 M Na, 0O,
- ATPEHUA RN 5

mnmErE Baso, Fit BaCl,
- A AR 6

!

Bl ey

!

v

Ancuiwrs s 2

ASTM D5BES

FUM 2 : dalya (flow chart) ¥0435013Ad0UAIAIINTOULUUN 50TV 2981979230

2.3.3 WIHUWIBUAIMIUTOURUUNTOATINAABUMILTINAABUNINIFIY 1SO 18125 waz ASTM D5865

Tusieg19¥imnasnuiu 5 ¥

s Ao oa o T =Y = ° a v o = 19
ﬂ']u']"i]ﬁ]uﬂﬂLaaﬂfﬂ?aﬁﬂﬂ‘ﬂL‘ngnLLWU%?@J?aSLuUﬁgL"I/]ﬂVL"I/]EJ?]’]u'—Ju 5 YUARUUD 2.1.41@8141']%']1]'3511]']“\1%‘1/‘\‘1

Uakarsn W udinvunUszanu 1 NS NAFRUAIAINLSOULUUNTBAYRIF B aMUARIETS ISO 18125 wag ASTM

D5865 Ingnaaouriinag 3 91 38n1svaaeunansludslvanugun 1 Wisudlsuanuiouveiaaesismeisni

#0RN1NT 2.2.2 INUWERNAIDENHINIATLANULANFAIYBIAIANUWUTUTINYBITBLAINN TIAN MARDUAIAIY

FOULUUNTOAMLITNAABUNINTZIU ISO 18125 UagnaaaugInnaisnaaaulInggIu ASTM D5865 lngluseuiiey

ANMINLSDULUUNTBANIEITNIADARIUTD 2.2.2
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3. Wawaz3a15ad (Results and discussion)

3.1 N15NIUFDULATDY bomb calorimeter ag
VAHBUANAUTOULUUNTDAVBIAITNINTFIU benzoic
acid MuAZUNTFIU ISO 18125 uag ASTM D5865

NANTSNAADULANIRIAT1IT 2 AladeTas
benzoic acid fageUnls ASTM D5865 |4 26,445 J/g
TienlndResius 150 18125 7iléi 26,445 J/e nansnadeu
savsiieglutadnaees benzoic acid flo 26,4133
~ 26,482.7 J/g wanei namvadeululunannes e
vpaey Bias muaunshuded 8 wudn M to<t
= 2.26) W Aeadouiimaaeuliainae sl
UANANIINAIANUTOUTDY benzoic acid aulususes
aehadituddnyTiszaunnuderiu 95% mnthuisuiio
MauSouTestEpsIRlnenaUA LS UT LTI
aosyalaglinsnaaeunieedia F-test wud F_(1.12)
F__ (3.18) uansh foyavaaosyniimuuusurnll
wanAsfuegneiiteddfisefuanudesiu 95% 34
WieuifeuaiadelngliBn1smeadia ttest wuu pooled
variance wuint_(0.08) <t (2.10) wainedn Ananutou
vosTmaaousmsguiaeslifiruuandeueealie
dfgy Faths bomb calorimeter #ldlusuiseds
Usgansnmlun1smAmNauLuUNToan LIS ndeU
WIMIFI1U ASTM D5865 waw 1ISO 18125

&7757\7172 uamﬂ"zm73J§'amwunsam/admsmmgw
Benzoic acid imadaunig3s ISO 18125 uaz ASTM D5865

Bulletin of Applied Sciences Vol.10 No.10 (Aug. 2021)

715799 2 (d9)

Gross calorific value (J/g)
No.
ISO 18125 ASTM D5865
9 26448 26450
10 26438 26445
Mean 26445 26445
SD 6 6

3.2 WiguiisuaAtANsauLUUNTaaNINTENAdDY
UIN9gIU I1SO 18125 uaz ASTM D5865 ¥adds
UATFIUAURAY

9NA15197 3 ALaBreINANITIAAOUANT
WNIPIWEIUAY AIMNTIULUUNTOAVRY 2 BTAING
WWesiu (38 ASTM 19 20,996 J/guagds 15O 1a 21,009
J/g) drudenvuinsgiuvesiiansisiaisiniy
repeatability (r) YBINIEDIID WARTIN NANTMARBUTS
sorBoglunasinisseniunaiBinasgu Wenagou
aukUsUTINTRsaesnlaglinsadeunnsada
F-test wud1 F_(0.44) < F__

ical

(3.18) wanein %aaﬂaﬁga
apayafinnnuulsusuliuanseiuegaiidudfyd
seuAdesiu 95% Julisudisurindslagliisnig
N9Edn t-test Wy pooled variance Wudn t_(1.05) <
t 210 WanIN ﬁhmm%fawuaﬁ%’maawwgsg’m
Meaeslifiauuanaeiuegeiideddy Aetunng
VAADUAIAUTOURUUNTOALUAISUINTFIUAURUAY
FWneaeuNInTIIU ASTM D5865 aw ISO 18125 lvika

AMsnadaunblLanNANeiu

A5 3 UFAIAIAIIUIDUUUUNTOFYBITIUAUNINTFIVT
NAFIUAIYIS ISO 18125 4az ASTM D5865

Gross calorific value (J/g)

No.

ISO 18125 ASTM D5865

1 26452 26449
2 26436 26434
3 26440 26445
a4 26449 26441
5 26442 26455
6 26444 26438
7 26451 26443
8 26450 26448

Gross calorific value (J/g)
No- ISO 18125 ASTM D5865
1 21037 20989
2 21029 20989
3 21048 20973
4 20981 20971
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715797 3 (si9)

Gross calorific value (J/g)
No.
ISO 18125 ASTM D5865

5 20973 20970
6 20956 21009
7 21041 21026
8 20986 21029
9 21034 21008
10 21009 20998
Mean 21009 20996

SD 33 22
%RSD 0.157 0.146

3.3 WisuisuAAuiauluunsaTuAle8193919aA 835 NARUNINTFIN ISO 18125 Uaz ASTM D5865
NPT 4 AedevesAeuFeuLuUnseaiovaaeun s ASTM D5865 uag 1SO 18125 (38497n
wnlutferlésal e > vudes > Tudos > unau > nsanuendm uansi1 Wenanslidanuiougan
wagnzamznimlimanudousan dudsuvunasgiuvessanadeuyniegistiosnit repeatability o9
TvndeUINATTILRI ASTM Wag 1SO uansd1 nan1svadoUsglutnnMsiNIBoNsUMLIRINASEIL 3197 5 uang
A1 F-test uag t-test YpIAATIEOULIUNTOATINANSI9T 4 WenaduaruuUsUrumesdeyaassyrlnglinig
VIAGOUMNIARA F-test Winedrogany Faunava 5 ¥iaden F_<F__ uanei Feyarisaosyalifinuunnsng
vasnuulsUsIneeiteddfiseiuanuderiu 95% Fdldnsmadeu ttest wuu pooled variance wuin

critical

t <t uaned denadeuvesineds@unadia 5 vlafivaaeudisinaaeuiasgiuisaesislifinuunnse

cal critica

AusgelitodAy

715791 4 (W3UTIEUAIAIMSIUUUUNSIATIAFOUAIETFUIMTGIU ISO 18125 UAY ASTM D5865
vo9¥auaa 5 vialdun viudey (A) ludae (B) lslerawasr (C) unau (D) uaznzaruzwina (€)

Gross calorific value (J/g), dry basis
Sample ISO 18125 ASTM D5865

1 2 3 Mean SD %RSD 1 2 3 Mean SD %RSD
A 17470 17428 17444 17447 21 0.121 17473 17488 17445 17469 22 0.126
B 16796 16779 16738 16771 30 0.176 16776 16733 16799 16769 34 0.200
C 17722 17742 17785 17750 32 0.181 17707 17731 17713 17717 12 0.070
D 14659 14669 14647 14658 11 0.075 14683 14688 14671 14681 9 0.060
E 14610 14604 14593 14602 9 0.059 14600 14658 14642 14633 30 0.205
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A5 5 AMNADA F-test Uag t-test YaIAIAIINTIUUUY
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715799 6 (F9)

N Gross calorific value (J/g)
o.
ISO 18125 ASTM D5865
10 14618 14626
mean 14619 14621
SD 5 8
9%RSD 0.037 0.055

NN 6 ANLRALVBIAIAIIUSTDULUU

N50899NA152977 4
sample F-test t-test
A 1.07 1.22
B 1.28 0.07
C 0.15 1.64
D 0.63 2.75
E 12.14 1.73
nnewe :F (22005 =19.00 uag t (40025 = 2.78

NA5197 4 Freghanzanugndiiauunn
mavesdudauunasgudininsgsanlunguiegng
Faa (%RSD,_, = 0.205%, %RSD,, = 0.059%) §3dy
Judensedrsiifufunuiinnalunsmageauaiaiy
FOULUUNTOEAIUAT 1SO 18125 AUAIAIIUTOULUU
N50ERNATS ASTM D5865 9ntind3euiisuradsves
HANNSVNE U EDIIRAEdRR t-test dFn ttest WY
wane AedgvenideEliwnnmetusehfited Ay
Fathu NMsmadeUAASEULUUNS ORI IRE A
8n 4 vlialaeds 1SO 18125 wag ASTM D5865 AIsiiAn

wasldunnaneiusgsidodaaunu

a5 6 sWSEUKTIUAIA N SIUIUUATaF YN IUENE1
(E) Ing 353193574 1SO 18125 fiv ASTM D5865

No. Gross calorific value (J/g)
ISO 18125 ASTM D5865
1 14613 14608
2 14628 14623
3 14626 14616
4 14616 14614
5 14615 14628
6 14623 14626
7 14622 14615
8 14612 14634
9 14620 14614

http://bas.dss.go.th

nseavonl 2 Aaillnddesiu Tagds 150 1érau
Sou 14,619 J/g 35 ASTM lamanuseu 14,621 /g uay
drudsavunasgudiinsvesiinnuieunuunsos
98935 ASTM §lfn 0.054% FadAnannninfivadeunials
15O 18125 7ilé 0.037% ionaaeusaunUsusiuse
Ftest wulnF_(2.17)<F__ (3.18) udaad Hoyareog
yafinruudsusliuandrsfuegaiifoddyitsedu
auidetiu 95% 39disnadeu ttest wuu pooled
variance WU t (040) <t (2.10) Lane31 ANAY

FourDIIBNAABUNINTEIU ISO 18125 waw ASTM D5865
Taluwmnensiueg1editoddey

4. @34 (Conclusion)

A1TNAFBUAIAIUSBULUUNTOEANIT 1SO
18125 waz ASTM D5865 ¥eIasuIAITIUEUAULAS
FretaTana Wy nvamzndndudusunuvesdna
fifinsnszarevesdeyaniniign wuin Arpdufeud
vaaeuldliifianuuansaiuegadifedfyiisyiuan
Weilu 95% FnAaeuInTFIU ASTM D5865 TaeaLdu
madendmiunsmeaudouluunsed Weswnly
nsnedeuAwiayliansazay BaCl Fadeuadeos
gandansavae Ba(OH) luniswadey Snvadfsanansn
TidudeyalunindenliiBuasguivanzadlunism
AAnuseuvesiegatiadelUlusuan egralsinu
anasedinsAnwiiniuluietsdiaivainvany
ileBusuinTivaaeuLasgIu ASTM D5865 annsadiu
Wnegeumadenls
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nswistaASauTiTAduUsEAnsnsvenefamensaud
dmuiilanunivuziwslinuesuyssinmaudailalnlaenss
Preparation of low thermal expansion glaze
for ceramic cookware body of direct flame type
sl dumsan’”, naanigyarl Asunatmun’, sUINg MEULREINIA

Pranee Junlar'”, Krongkarn Sirinukunwattana', Thanakorn Wasanapiarnpong”

unAnga

awuziwsdinysiuUssavduiadminlnense TaudRddussdninisvetedmannuieush daw
FrumusiomsAsunlasgamnfiestadeunduldi fdnisgaduieh wardrmuudusageansatlid
aauzdmiugemsuunuialaglifouanin fufuedeudmiuneuzesiinnadulssiniasdesii
FulsyAvsnsveneimennufeusniwieniuieiu uasdesiieudniuldfsenihetandefuuasnedou
lunuideivassuniugrsiedoudmiudetumsuseniinnsiuroulndnaosifels/aloniu Adulszavinis
wnefamsauiousi 2.83x10° dessrnwaiea Tnafuangnsnnayuy Li 0-Ca0-MgO-ALO SO, uazulsen
gndmduuluavasergiiun faus 0.483-0.653 uazuisAndnandusuliavesdang dusd 4.308-4.508 le
wisnanIngRusuan wimnlad ueadndiing viod ervgiiu 83n1 wanwesladloudiing vanawuuTen
Fhemiioun indeviunnaey wnfigungdl 1275 esmiwaifea Bul 1 $2lus nduiadinnesfosdusznauma
wlaseeies XRD mAndudsyAvimvenefvneeuieusaadodaalnives veaoumuumusiensiy
FeaAReUALLNME I ASTM C424-80 sheieiamiiedadausafuiianudu 250 psi MsAnneilasaiiegania
wazsnperUszneulsUSinailaendeqanssaididnaseukaziadaouiuesifamesdnaUnlnsalnUionaise
PUARU WanITARBIHUMANAN 2 e Ao wmlaviuaziwedneu ffAduUsEAninisvenedmisaninioush
HuafauiiauiFeulleulazUsirannssuiveIRiaGoy

Abstract

Ceramic flameware bodies have a low thermal expansion coefficient, excellent thermal shock
resistance, low water absorption and high strength. It can be used for direct flame cooking on stove-top
without cracking. Therefore, a glaze for ceramic cookware body requires thermal expansion coefficient
value lower than or similar to that of the body to get compatibility between matrix and coating. This study
focused on the glaze of cordierite/spodumene composite for ceramic cookware body which has low thermal
expansion coefficient of 2.83x10°/°C. The glazes in a Li,0-Ca0-MgO-AL O,-SIO, system were calculated by
varying the mole ratio of AlZO3 between at 0.483-0.653 and SiO2 between of 4.308-4.508. The starting
material including petalite, calcium carbonate, talc, alumina, silica and zirconium silicate were mixed via
wet ball milling. The samples were coated onto the composite body and fired at 1275 °C with 1 h soaking
time. Phase content was analyzed by XRD. Thermal expansion coefficient was tested by dilatometer. The
crazing resistance was tested using an autoclave at 250 psi followed ASTM C424-80. The microstructure

quantitative analysis and elemental archived by SEM&EDX technique, respectively. The results showed

" nsuInenmansuingg

2 meTvriagmans A Inemans 9uIaanIalumI N1y
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petalite and zircon as two main phases, providing
thermal expansion coefficient with smooth and
crack-free surfaces.

ANENARY : NYUTWTIANVAY LAFBUNITVENEAINIIAIINTOUA
WaeUWIIAN WWeRuwIEn

Keywords : Ceramic cookware, Low thermal expansion glaze,
Ceramic glaze, Ceramic body

1. N (Introduction)

AUz iinresuUssanduiaalnlaense
asahunldugemsuueuialalaenss anansald
muldeghmunmunasldinlalngliifanisunnin was
geldulduumeu wnlwihuazmlilasodls oy
FazthunlinanmdunvuswsinUssanilazdeaiian
SuUszananisvenesanenudoususyana 0.9x10°
sossmumaioa frnagadinivh feanuudusege
LLaz‘ﬁﬂ’Mm(51}’1‘14‘1/17‘14!@1'@ﬂﬂiLUgﬂuLLUaﬂquQﬁaﬂﬂ\‘1
Weunaulan JagtunyuswsinUssinmdudaUasly
Tnense anunsanantdaniefunesinelss edu
avogiiu lofummnlari videudeRuwsiinaoulndn wu
\loRuergiidew/nviun eRualegiu/salad e
Aunefiielsd/alegiiu efunedifislsd/avegiiu/
walad iWudu dedulumaedouRudofulssmiledon
srdesimdulszansmsenesmennutousinivie
whiuidlenu farudhdulds anunsadansiuldaiu
Samuilofiu lhAansunandiifmdan lusswindldau
visevdddnug maneadiuumute wieu wnliih uas
wlulasian [1-6]

PNNISANYINUITYUATUNAUNIIVINIG
wuinfigasindeufifaduusansnisvenedmnaniy
Lousn ansawseulanavegiluiesay 30-41 lag
dwiin usilushdesas 10-14 Tnevmiin Talaluddos
av 6-8 Tanimidn ViadSevay 4-5 Inevmin Aumien
Yovay 6-14 Ingymiin avgiiunfovay 2-3 Tagsimein
mendsoray 20-02 Tapthwidn wiflguund 1300
parwalled [3] Wieau1sansaulaanNdIuNENYs
viarZewaz 14 Tagtiwiin wradeumiveiuniovay 4
Tnenimiin avegiiudesas 47 lnsvnidn furnides

av 5 Tngtwmidn uav@anidesas 30 Taovmidn wid
gouuil 1260-1285 esrwalea [7-8] viow3eula
nusinlavidesas 76 Tnevmin vaddevay 14
Taeiwein ura@ouasusiundosas 3.5 Tagumidn
wazAurfenas 6.5 Tngtviin wnfigumad 1280 9
1325 asrwaidoad saduadevlusyuu Li O-CaO-
MgO-ALO,-SiO, [9]

dednwruddoifiniunudn wnnlas
(petalite) \UuansUsznaviifisnezaiiondding fans
maedl Li OALO, 8SI0, Hiyaviasuiaiuszanas 1350
samwalded [Wuussssurdinuannluseninild Ju
wavosawmside Judy Saduussansnisveneimg
AuSausUsyana 0.9x10° sossrwadiua Juuniun
Tiduingavlugeaunssuwsfinuasuilaonauasly
iefunazindeuwsiin iileanadudsyansnisvenedn
merudeuveadenu Wundndnndioldasdulumdeu
lAnddufiarsay Tnensldamulide sy
unaletd faanafiosmalassaiisiigumniias [10] 3
Wuusihaulaanduingiivvdnlunsigasiadeu
AdAnduUsEAvENsvenesamannLteusi feiilue
F3eilFefnuinisinieundouitianduyssavanisvene
Fanrsaudoumainusinniladt sas waaleu
AISUBMA B¥alUT AUV kavAIand YINISWUIAT
dnndniagluavesezgiiusedani wnndeuiionmall
1275 esmwaldoa ieltindounivugiwsiinyedy
Usztnnduiaanlnlaense

2. 75015798 (Experimental methods)

31NNIIANBIUITULAZUNAIIUNNIYING
wuinAdouiifinisAdulssaninisuenefmneniy
Sousn azdiszuu L ,0-Ca0-MgO-ALO-SIO, [7-9] A
uuaaumﬂﬁi’ﬂumimmmﬂuammaauwumu way
wUsAezgiu/aant Insluavesergiuniaegsening
0.483- 0.653 uagluavesdaniila1ogsening 4.308-
4.508 wmaaqm?auqmmﬁauLLazﬁwmmﬁawuLﬁ”@ﬁu
widineexlnanviaaUogiu/mesifelsd wnilgamad
1275 psmieardoa Julnifigauvnfigean 1 42l
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2.1 MIAUINGATIATDY

=

mnaaestifenlfiafiousyuu Li 0-CaO-MgO-AL O -SiO_ lasilgnsindauiiugiunsil e

0.459 Li O

0.350 CaO 0.483-0.653 AlZO3 4.308-4.508 SIO,

0.191 MgO

msuusuasuduuluavesergiiuniimegsening 0.483-0.653 uarluavesdaniilenegsening 4.308-
4.508 sauandluguil 1 waem31ai 1 lnenngasiadouiuwesaeusaeaz 10 leswnwesreuduasasiluedou
Hrgliadouiannunumusieasiall iuauudwsieiou wavanuiiviadasiandnawiian

BzH AU
0.653 7 a g
0.353 4 a B
0.483 1 2 3
e

4,308 4,408 4,508

JUI 1 msuvsadnuluaesgiuiuazgan

M151991 1 Fuluavesezgiiuuasdaniildlunisnaaa

qnil luavasazgiiun Tuavasdann
Pe.l 0.483 4.308
Pe.2 0.483 4.408
Pe.3 0.483 4.508
Pe.d 0.553 4.308
Pe5 0.553 4.408
Pe.6 0.553 4.508
Pe.7 0.653 4.308
Pe.8 0.653 4.408
Pe.9 0.653 4.508
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2.2 Ingauiltluntsnaaas
wsnlan (Li O-ALO-850) YIUSYN W 815 0 DUWDS LUTULULA NTARIINA WDNINUTELNA

2.3 ANSATUINEIUNEN

Soway 10 lneu1utn

DALY

prgiun A3l (ALO,, 99.6 %), YBIUTIN naragu 9in dnihndsemeagUu

Viad (2Mg0-2AL 0,-55i0 ) wesuiEv wosila dumesiudunua $1in Yidrandsemedu
AUy (Cerafast) v0aUsEn dudamsed Juuesa Alaediun 9199 nUsendlne
Aand (Cerasil), ¥09USWN dudamSed Juuasa MasUiun 310a nUsendlneg

LAREUAITUBLUA (CaCO)) YBIUTIN WashA dumaSiuduLua 91nA 3NUsewndlne
wosladeudaing (2rSi0) YBIUSIN WaslA dUMBSIUTULLE 911A INUsenaaly

65

i & A o v ' = o v 1% A = a s
Q’]ﬂﬂqﬁjmiwuiqu‘V]ﬂqﬂuﬂium@ 2.1 I@Bﬁ?uNﬂNLﬂaaUWI%V]@a@\T LEAIPNANT NN 2 %Qnﬂqmilﬁmlﬂf@iﬂ@u

#1999 2 Tuuluavasesgiluasdaniuasadunauindouildlunisnaaa

gns drunduvaAfaufa 100 n3u
w1 lan 7ian waaLew - - . - p
” - . ?zalun AU ADAD AU ADAY

g (nsY) (nsY) AIUBLUA Yo o o o o
' - on ” (n3w) (n53) (n5w) (n5w) (n5%)

BEAEUTY aana (n3w)
1 0.483 4.308 79.3 14.6 3.7 - 1.7 0.7
2 0.483 4.408 78.0 14.4 3.6 - 1.7 2.3
3 0.483 4.508 76.7 14.1 3.5 - 1.7 39
4 0.553 4.308 T 14.3 3.6 1.8 2.2 0.4
5 0.553 4.408 76.0 14.0 3.5 - 6.5 -
6 0.553 4.508 4.7 13.8 3.5 - 6.4 1.6
7 0.653 4.308 75.5 13.9 3.5 4.1 3.0 -
8 0.653 4.408 73.9 13.6 3.4 2.7 6.3 -
9 0.653 4.508 72.8 13.4 3.4 2.7 6.2 1.6
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2.4 mawsuAFauLazTunaFaUIATaU
updiunaunugasluniioualvazidendiu

PEUNTI 100 W YuiAFouULTUMAdDY Trumswniv

800 aarmwafea thlusniigumai 1275 ssmiwaidua

Tngltsnmnaifiugamnd 150 ssmwaoarodalue fu

Iwigaumgiigaan 1 4alua

2.5 MINAFRUANTAYILATIY

a

2.5.1 ﬁw%umaauﬁmﬁamﬁumﬁqmmu
1275 ssrnwadea nsrefilagdnwazmludem uas
ANIIUAILENTATANEINTAUYA

2.5.2 yedeUAAMUAINSLIASeFevile
fe8ausei (autoclave) finudu 250 psi 1ngldfis
VPADUAINNIATEIU ASTM C424-80

2.5.3 Ainseiosdusznoumaia lngldieados
wnasdAnlunsnlafies B9 Bruker Ju D8-Advance
§i cu usaruinded uay Ni iy filtter darn 20 daus
5 71 80 a3 MiegeTiunsienTigamgdl 1275 asm
LRIGHER

2.5.4 manduUsAndnisvenedmnannudou
flgumgll 25-1000 smwaldea Tngldsnsnisiiy
gumnil 3 ssrnwaleasiondl Mmeledeslaanlndines
(Netzsch 5u DIL402PC)

2.5.5 151980 UlA9A3199801AR38 Scanning
electron microscope (SEM) uag 3Lﬂ31$ﬁﬁmadﬁ
Usgnaunlgluaila Energy Dispersive X-Ray

Spectroscopy (EDX)
3. NAN1SVAABILAZIIAINA (Results and Discussion)

3.1 NANIINARBIATDY
namsnsafitadnuneillvenadevuuie
fuwsiiinaeslndvvdasniigumall 1275 ssmwaidoa
wuimnansiidnwardvniiu frfsiu Awhu lisui
waziflothlunaasuanumumusienisuluniietsda
useduiiaudy 250 psi Ingliisnaaounuannsgiu
ASTM C424-80 wun1suan3nilugns Pe.1-7 uag Pe.9
snciugns Pe.8 lnunsunnivesiailefunasiedeu
dauanslugudl 2 wagmsnsii 3
http://bas.dss.go.th
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1n8N1351UFV83aRT Pe.1-7 kay Pe.9 ann
onanannsTiionutarduiuadeulddAundelyl
Hudeieaiu Wemnidonuwavindouiiandudsvans
NsvgnefimInNToulAne1aiy Tngindiougns Pe.l
wae Pe.3 Sianduusyavsnisvenasimenuseuiniy
0.65x10°uag Pe.3 AAWvniu 1.13x10° Aepsrwaityd
ANUEEU @duiloAuiiAvnAy 2.83x10° deaen
wadea Juduanngyhliifinaiiuidunandig
(residual stresses) NELANTUNAADY SEWINaLERuLAL
Anturdeumeldnuduusiasusssn fansveng
Fuaznaildduiusiy suudlevnismeasunis
numusenssuiluaneneldanuiuil 250 psi
deRunazindeuinnsveneinilllndifesiuiainns
JIUFYBIATDU [11-13]

=
avgiiu, lua

(ALOy)
0.653— Pe7  Pe8 _ Pe9
I N |
0.553— Pe4 — Pess — Pe6
| 1 1
0483 pey ™ pPe2 ™ Pe3
1 — 1 #Fam , Tua
4308 4.408 4.508 (Si0,)

JUM 2 : dnwaupnluveandouvaisn 1275 esrmivaded

A159991 3 HANITVAQDIUADUNAUNITNUNYT
1275 asAnvalded

ANYALVDIRATOUNGINILAZNAFDU
= 1
A9 Ta-flu X o s ATNUNILABNS
v Wauwha-a1u o .
Transpar- 31uUA3(Crazing
Glass-Matte R
ent-Opaque Resistance)

Pe.1 Fuiiu Aasfu-Nanu 14
Pe.2 Fuiiu Aagiu-Namy 14
Pe.3 Fuiu Aagiu-Namu 514
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ANWUZVIIRILARDUNRAILHLAZNAFDU

o = il
ansi Ta-iiu Xy ANSNUNIUABNNS
v Wauna-au o .

Transpar- 51uUn(Crazing
Glass-Matte .
ent-Opaque Resistance)

Pe.d A iu AagTu-Nannu 71U
Pe.5 dumdiu Aagiy-Nenu 31U
Pe.6 dundiu Aagiu-Nannu 91U
Pe.7 dundiu Aagiu-Nannu 14
Pe.8 dv v Aaghu-Nanu Taisu
Pe.9 A iv AagTu-Nannu 71U

Lﬁaﬁ’lqmmﬁau Pe.8 ¥hnsnaaoumduUsEavanIseNesmneRLSounu indeusimdusyananis
seneimenseuinAunselnafeiuiieny Ao WeAulidvinfy 2.83x10° desrnwadiva uaziadoudia
Wit 2.89x10° sleasenwaifea Fasteifumuudusdiuitunaouiiomndunuognisldusadn uaslivils
LARBULNANITIIUAT [14-15] é’huamslugﬂﬁ 3

120 -
100 - & - -6 4©
LHaRU 2.83x10°%/°C

S 80 -
=
f 60 -
E
[«P]
o 40 -

» ARau(Pe.8)2.89x10%/°C

0 L] L] L] L] .|
0 200 400 600 800 1000

Temparature (°C)

FUA 3 : Adudszansnsvenedannusouvelemiuasindounaus1igamgil 1275 osrmivaidea
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PNHANINARDUATEIUATEU WUT1gRs Pe.8 llifianssuimdmageununumusionissu lagldis
YIAOURNLNINTEIU ASTM C424-80 vidauniigamgll 1275 ssmiwaifiva duiuinhiunndeuainsgiialag
XRD wu 2 wlavdn fo inmladuaziweseu duandusuil 4 ilesnlugnsdiunauvesadouilosdusznoundn
Wuusimmlavisnnnindesay 70 Seilimuidumlandn duingaudug Ae furn uraBenaivoiun mend oxg
fuasviad walusandmisndntiosvidounsingiuiduianiianunsavaeuldfigamgll 1275 sswnwadoa 3a
vlilasnga uiludugesrouduiudlddfiosdosas 10 udilesaniyavaeumangsUszana 1500 a3
waiya WuingAuiitimnuefiosfigamgiige doananldindeuilelmiAnauudauss nudemsynidn taeliiaanu
amiiu [16] FeliiRavaotazaenauiummilay wiiadundnvunadnnssanesiseuy wenuiiduwmlan &
wansluzudl 5 laeYanfidududefusoiosieiu fio wmilavi wasifnndniveaeuiiiiuidliuiuounszane
vhstunnaey wiumnTlgamad 1275 esmivaidea

1=
[y
Il

wwnnlant (Li,O'ALO," 8SiO,)

2 = vdasAau (Zrsio,)

Relative intensity (a.u.)

1
211212 45y 11 33111111111

T T T T T T ¥ T T T T T

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Two-theta

FUM 4 : asAUsEnaunIavaundouvaus Nigamnll 1275 asmivaifed

Zifeons,
ZIreon

» Petalite

Petalite
SU3500 15.0kV 5.2mm x2,00k SE 3
Spectrum 1 Spectrum 2
Crystals of zircon Matrix of petalite
60 7
50 60 7
g wo g2 ]
Eﬂ 30 £ -
Bl W N s
& 0| B = -
o | si | o ] 2T Mg i Ca o
ss22 | 1486 | 2981 | 9.19 | 2.03 | 37.51 | 2.4z | 48.84 |
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Elernents (wt%)
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Mntuihgnaidou Pe.s indouasuunanfasifotmeusiniuunsamsiofiiaudusiu
Audnans 20 wuRiung g 1503 JugudeIsvdenuy wniigungdl 1275 ssmwaida wuiwdnsusidog
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4. @3 (Conclusion)
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ASTM C424-80 Tnefimduseansnisuenedmianinuiowsn 2.89x10° seasrmwaliva hiuldiuilieAuesniin
Aoulnanaesifelsd/aUegiiu NllAduUssansnMIveeiimemum 2.83x10° deesriwalded ennaeuaiou
HanSaueiiegsuasnaaaunsldnuatuueuialinunsiianisnuivesaiiou dalugasindeudinaniananse

o a A d’j a a Y v v ¥
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Development of bio-filament using hemp fiber for 3D-printer
slugn gadss’

Tanittha Pullawan®’

UNANED

mAteildunsinvdesiulumsihdulefyranlfifuasasuusdunedwesnm fo weduandin
wo3n (Polylactic acid, PLA) wazihaeyInaniilsunldlunuiuianfifigremaiia FOM il dulefums (ramem
\ade 150 luasew) legnisnaouunidlu PLA 2003D fewelianisvassmasiidnsadiusnatu (1, 25, 5 ua
10%wt) Tnawui senmuussraivtudeusnadulediutu wiffieussiiatuge Sasdau PLA/1%wt
dulefeys g]ﬂLﬁaﬂiﬁi’fl,umiﬁﬂmﬂ'%mmwmaalmLszia%ﬁmmsam Weuddamanuusgldinnsuuandieang
ganguvasianlaginisiiunanadlywes wedefiau lnamea (Polyethylene glycol, PEG) Tudnsndwu 2.5 uas
59%wt AMEU Fawun "‘J’aaﬁmmmﬁmﬁaﬁqmmmLﬁm%u%ﬂLﬁuﬂmauﬁ’aﬁﬁwLﬁuluﬂﬂiﬁwmsﬁyugﬂLﬁuLé’uﬂuﬁﬁm%
NUANHANTA

Abstract

This work is a preliminary study about the use of hemp fiber as filler in a biopolymer, i.e. polylactic
acid (PLA), and the following use of such composites in the 3D printing via FDM technique. In particular,
hemp fiber (average length 150 micron) was added via melt-compounding into PLA 2003D at different
weight percentages (1, 2.5, 5 and 10%wt). We observed that not only tensile strength increased with the
increased of hemp fiber content, but also increase in brittleness. Moreover, PLA/1%wt hemp fiber was
chosen to study the optimal amount of plasticizer. To solve the brittleness problem, we adjust the
flexibility of the material by adding the plasticizer Polyethylene glycol (PEG) ratio 2.5 and 5%wt, respectively.
The results showed a remarkable increase in the elongation at break of material, which is a necessary feature

to form a 3D printed filament for 3D printing.

AdAey : Lulenaulndn Ay in3eaiuiauiia
Keywords : Biocomposite, Hemp, 3D-printer

1. U1 (Introduction)

Tuthytunltimsidnannnsssumnidarudoiniaiugdusanduiiton lnsdudinansssma
venvinaglianubuinsredaundouuds memsmmedadunafuusegdalunsdeliuduiloauazaunsaidia
yaraudlsnnninfaglaesily esantagsssmivsziamduledidudsitenldtumneiloginnlusssuna
wazanssadawUadlilunseuiumsndalavainvaie
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dllosssumaitesldiuilan Toun foyvs
vido woust (Hemp) Fsdtoidufimasugialunaneyssine
lesanidulefirnuudauss aruniler uasduiingsie
?iqLmé’auﬁﬂﬁtﬁmmmﬂigﬂLauw‘iugmwwm 9 Haus
ofnuietlaguuifinisiunuediseiiies Tag Calin
C.E., Director of Capital Markets, New Frontier Data
1] Inamiunumesiayslusunisinuduiudm
meluressnsudvilusinauisilagtu Inglulssmelne
tusguralneldidaiuidontalunisadisyadmg
wswgiaanfivwind Jefimsdandeangmanenisugn
warn1sIHNUAYY AINUTENIANTENTIEITITEY
szmalusAamune Tnadsduliiui 29 unses
2564 [ ﬂgﬂﬁvmaqauuummm']ﬂmnﬂmﬂmum
nwATNS AAdguazienvy Useavuinlaninsove
ouan washitsdlulunn inguszasd dudnmsunmd
msﬁmsn 3o nslinnatin Mluadaiug uaznisd
wiothaausig 9 ‘uammﬂmmiiﬂLLauaswmameuLUu
HARAUTFUN NG 9 mm B \3osdens uag
wAnSTayulng Hudu vl nswBandndasigunin
ilad g agfesueounINRUNYMNEYBINAN T
U 9 fay

foyatuasiidrdnluunazufuinisainnis

Qe

Uszguszaumudeiuwaniansiiissleviainiyus
1 2562 InganiuiuiaiarwInna ey sungey
3] Ui Ayvedesuidufivfianunsodgnldielu
Useelnemeuvuy tosnaningioniaiianuide
SINYAONITASYAULAUDINY LAVININEIAENTILAY
waluladlunsimunsesenifledevenungUszneunis
lun1sudndudndsesn wazainnisdrsiadeyaniely
lassmsvasdinnuaniaiunisiAsegiakasdnuuwme
2R wunenudesnsiduleigysIelauinaunulont
TuussmelveTusinandt 1000 #u ded ieldlums
HAnAUAIN TanssuYIAdteanlUdngugnAsisUseme
MaUsEnaunsRalaudIn s umalulagnisuan
dulelsaniiioainsuinnssy uaztisandununsiii
TnAvkarduAaneUseme

oglsfinny Sn1sAnuidesuaumnitly
Uszinalagialsema fidgueniaunduianis
mnuudaussuaziduiinsdodanden TnensAnuim
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Fagungaulunsisneeuundsmiudulesssuei
wu Ay elldtanfidanuduinsiedunndenadis
auysal JamedwesnléFuanuaulaife weduandn
e (Polylactic acid, PLA) Fadunedwesaitaudu
fnsredunndonnznananTansssuvd PLA fouth
Tl duingavdmiumsaenundsauiuianduly
Jaquuaniidesdes As Amnusiz dnidedaneney
Uuugsaudfves PLA imungauiuingUssasdvaenis
oundnsasiiy 1 Tesmsuauiuiamvioasifuus
u ilouuuautRves PLA Trdulunudesnis wu
NITevee Sawpan wazamy Tul 2007 [4]
suu3e PLA daletyredu nuth idiledysauas PLA
anunsadnfuldfuaznnendannldlefyverisnsdm

1avinnng

30% anansaufinendaegdalstia 100% luvagiidnana
Fruusarafisdy 30% naeraunsAnwnAdiansLAy
wanadlomosUssaminduileraeysuuss PLA iana
Baveuiintu Farulumuideves AlMulla wasanyly
T 2010 (5] Fwvimaifunanafluwes Ae hifuldu
dtendlad adlu PLA shlsidiaumidnfinduuasden
AnuBnfigeuingatiu uenani Wl 2009 Martino uay
Aoz [6] Idins@nwmsiiu wanadluwesfaduans
TunguezAunn (Adipates) dnsnau 20% aslulu PLA
wuin ldfinaedefifeddynonisiinaudidiu
whgsnmmnieuiou uwilnaseauUAnieng Ae vinlv
ity andiulii msuiuupandivesme
AwesiumindanunsavilalaunsdeniAuansiaiuuns
uazwanaf lmiwosifinuantAvidesnsaduitelyidnly
U%’wgaamﬁaé’aaﬁuaamw%ﬂ%ﬁu
Tuagumeluladindosiusiauia 1Hu
wmaluladfifinnsldsutag PLA geuin desain
fngusrasdvaandesfiuiaudffonisuantudau
FuluURaRfasidfesnsmunnElumananuasa s
T¥¥agiluiinsdedundonilidymideanisdes
aareidunaiuiy Sndedsanusaildlususiia
desnnlidesamunisndniiguniioun1stuguunadl
ARINAALUANNTIAIEY (Wimmer wazAmy, 2015
wag Ou-Yang WavAniy, 2018) [7,8] 91NNNsAN¥Ives
Chiulan wagagg Tt 2017 [9] wudn N5l PLA Tusu
Frutanimnssuvienisunmdtu suduseadinigld
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aasuusafielifiaudhmnyauiunsliounniian s ¥Ensfnsnmslindsiduasaiuusdu PLA Tag
ANEA Kariz (2018) [10] wuin nstismslsfifuansiaduussiiviuna 10% annsaifiumnumuussidriunfan ldus
doumnamalsinnifvlunduyinlinnumuusisanas dsaenndosiunuidoves Guo wagaaelul 2018 [11]
finuin audinanavesiananasiievihmsifinuiunamslifadiy PLA uonanil Tud 2019 Rasselet uazAn [12]
IevinsuuuaudRnnumuussisuesian PLA waudu wedielud 11 (Polyamind1l, PA11) lnanisifsansdae
Enanslanedwes UJoncryl) Usinas 3%wt emudn Joncryl @nansaviili PLA uay PA1L dhildatuuasdaiia
audfaunuuseRadnie sziiuladn nsiaunaudfRves PLA wenatnazanunsavihlilaensuan Taawsoansiad
fiflnnuaifidosmsadluud Swiondenifutaguieasaiiiulusamamfivmnsaudnde

nuATeTIunstan Taneesindmasuusseleywddodutaniinm elinuiutagitenudu
fnsredannden uaraisiuuuilageenuuugnssniduvesasiauusuasnananlowelrflaumnzaniy
authvesunuuiivesns Tnelinstusudeintesiuiandiitadumeluladnmstugusuuunietunudiasenn
wazsuyulilgs

2. 751157398 (Experimental methods)

2.1 Fagitldluauise

2.1.1 danana@nTinm neduaninueda (Polylactic acid, PLA) 31nuS®m Natureworks (Usgine
ansgeiini) insm 2003D ddwiinislva (NSu/10u1W) Wiy 6 au ASTM D1238

2.1.2 @15LAuLse PEG Food grade

2.1.3 ddledyusiildlunmAdelifiunmsewnnginnantuimuiavisvnanaisuasvunages (ISMED)
fdnwandudileduldunannisuaunudyw Sisuil 1 Tnsssyruinadsedil 150 micron iielimnyausie
NTEVIUNNT Extrusion LLasmiGﬁugUﬁwLﬂéaaﬁuﬁawmﬁaﬁdﬂ

FUA 1 : ulgdunywsviinnaise 1 150 micron
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2.2 \w3asiiefildaniiunisive

2.2.1 wissnaudananafin e BOSCO, 5 Ke,
Thailand

2.2.2 \3esdainuuuansy (Twin-screw ex-
truder) 8% GS-Mach U Gs-35, Nanjing, China

2.2.3 m%wmaa'umqﬂa Zwick Universal
testing machine Capacity 100 kN, Germany

2.2.4 p3essmdanatafnndouudfium
(Compression molding) (A30eUsTNOULDY)

2.2.5 \Tesfuianufiszuudaiduian Bvie
Raise 3D Pro 2, Shanghai, China
2.3 35n1599Y

2.3.1 nmawseuinghuduledyvuas PLA

Tudupeumswiendulefyauas PLA s
T¥nszuruni1sniudsvesuisedladnuiuingda
(Sawpan wazaa, 2009) [13] Imaﬁmﬁulaﬁ’mﬂﬁwﬁw
fou iordnasudiou antunidin PLA way @il
QRILN mauldmm%uﬁqmmﬁ 80 avrlwalTyd
Wunan 1 A
nsaauUnduleiysasluun3nduas PLA

Mnswandulodyviazwaadluiees (PEG)
FailautRiBaTanfidaneuuaztisandodesiuaiiu
Wizwes PLA Taevhmsuauaslusvisng PLA fewpses
nadinwanaiin @ BOSCO, 5 Kg, Thailand) iurian
30 Wl mmﬁ?uv‘imwmauﬂnﬁﬁwLﬂ%‘laﬁm%mwuaﬂgfj
(Twin-screw extruder, ?jﬁa GS-Mach Gs-35, Nanjing,
China) #¥199uunQil Ao 30-155-160-165-165
asradea auddu laglunseenunadnisligns
naufishamvendulefysaning 9 fu fo 1%, 2.5%,
5% way 10%wt AU Blerunszuiunssnsauda
AauUd Ayuy/PLA azegluguuuuide wionazily
Justiduduinianudfvely
nstugudufiasiauiia (3D filament)

Yudanouv1nafilaannnissnsndrunay
ﬁﬂﬂuﬂlﬂ%’ugﬂﬁlﬂLﬂ%@ﬂé’ﬂféﬂLLUUﬂﬂE@:ﬁﬂﬂ%&I@t‘JV‘I’Wﬂ’]i
Aaduiuidaliduiuniduunaduriugudnans 1.75
dagiuns
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REE T TR SO R APy

UnTudURUNEUNAN Y 1%WE+PEG 11
Juguisiaiesfiuianuifszuudadunanain (Raise
3D pro 2) laefiuslsfiduduauluzuuuy “Dog-bone”
\ionpapumMaNtRAUMULIIR IR ASTM
D638-14 type | 410 165x19x13 mm lagusugaumail
Hidnuazansestueudu 180 war 60 pemwalded
WAENITNAAOUMANTAMIUNULIIRAID ATUNINTFIY
ASTM D790-17 mum%umu 125x12.7x3.2 mm 14U
10U
frunTosdndanarannniouwsifiun Compression
molding

Tfinreuundfisasau dulefyes 1, 2.5,
5 uar 10%wt 1dugulaenisdadisusfinsisade
wanain WuTunUE MU UALYIILS T A A
VIULIIAAIE ANUNIRTEIN ASTM D638-14 type | Y19
16 x19x13 mm Uag AuNIRSgIU ASTM D790-17 3uA
Fuau 125x12.7x3.2 mm AL
NSNAFBUANTAAIIUNULIIRILAZAIUNULTIAATD

AINAFDUMANTRAUNULTIAG (Tensile
testing) WAz ANUNULTIAAID (Flexural testing) e
309 Zwick Universal testing machine Capacity
100kN, Germany 1% load cell 5 kN wagiaudalu
N1304 (crosshead speed) WU 5 mm/min @15
NMINADUAUNULTIAS Wag T9dndu Span-to-depth
Wi 16:1 wag dAnudalunisne (crosshead speed)
WU 1.5 mm/min @SUNISNAZDUAIUNULTIAAD
WUV 3-point bending Aud1AU

3. Wawaz3a15al (Results and Discussion)

msAnsUinaduledywsiitnadeaudiniena
defnwmuSinaiivangauveadulefnyvs
lumsaenunasaiudiananaindanin PLA fns
npaesUiugnsvendulofyvafisnsdiusng 9 fu
Sasdnveaduledyvoianarain PLA #ldlunu
Suildal 1, 2.5, 5 uaz 10%wt avdannladn
dinmeuUnaiian duTuTisnsdudulefyeeiiunntu
wazdanauiunslvsidaaulugnsfithdulofyws 10%wt
losndndrunesdyasiivnnduluvildnisinadnas
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oghdlsfinny ifevhnstuguiduloansifnngnsuauiomn wuh @ilefaey/PLA figns 25, 5 uay
1096wt vhmstuguldenn iesnntunuiianunesnndshliliamnsoshudulsasiifldeitios asianisin
definmseifivadnties WellamnsadhudulesoideslsFunliliausalinududufinidmiuaiesiuia
fAld osnnnsfasidheiriesfisianuffdosmaduiuifienuasdaudeides dauflunmsfnuiiouidiey
auﬂ’amaﬂamaaqmmamLﬁuiaﬁzymﬁ 1, 2.5, 5 uaz 10%wt Ihlaemssadananafnlundfuiuasdalviiuss
AaBNAsEIUNMIadeUTiFesns Fsldmnmsmaaevandiidanadudmsed 1 asdiuldih Weilinuunaadule
Ay TiAIAINNULTIFS LLazané’aLLﬁdé’maLﬁuﬁu Tuvauziimudasniigeananas uazAauyunsinselsl
WasuuUasednadiifuddy %ﬂﬁﬁa%umuﬁﬁmﬂa%mLmﬁaaLé’uiaﬁzymﬁmmufﬁaLﬁuﬁuiummzﬁﬂmm%mjuamaq
ALt SespnadesiunuSeues Sawpan wazan (2009) [13] Tnsieuuse duledadlu PLA uas
wuh Aenumuussiafutudeuinandlodiuiu udauBavduanas TuduvesauiRinnumuussiaseonyuii
aonAdBaUILITEves Shibata UazAme (2003) [14] Feseauandiamumuussinsevesiandulosssunfedy
u54 PLA 117 earamunssdnsedilalideundaadovhnsifisusnadulossaund luvas inogdausadneiia
Juidlotiinandulodudu Fadululumadeatufu Shin was Masatoshi (2006) [15] waw Huda uazAy (2005a)
[16] fiwuin AnflerfisuTinandulesssuni Tu PLA ilvimmmuussinsevesresTndnanas Tuvairiuegdauss
dnifisdu wudy

awpiifusiuil Wesnnidulesyweilfilumaatuussdanugduvesudsiidn Young’s modulus igs
Amanadn (Mwaikambo, 2006) [17] iorasaslunanadin PLA agldveawayiiinnauudeanniy Lﬂ?iaugﬂi'wlﬁsm
douBnadulefysiahlfannesindninnuudeanntu Snslislitosas violiaunsofivsfansudeu
sUafioanauduiilasy euudeiidistudansldann Flexural modulus figetutiuies

7157991 1 aUUAAIUNUMSIAAZAIIUNULTIsasevaadn PLA aaulengyviiionsiaau 1%, 2.5%, 5% uaz 10%wt

ANUNUUTIF AUNUNITAAGD
qns
AMANUUSIAY, MPa | A MERAaTIgnIn,% | AMUNUNISAnte, MPa| Uegdausefne, GPa
Pure PLA 53+3.10 2.50+0.18 65+4.55 3.45+0.295
PLA + 1%wt Hemp 95+2.80 2.15+0.14 79+3.65 3.65+0.180
PLA + 2.5%wt Hemp 115+3.55 1.50+0.18 75+4.20 3.88+0.240
PLA + 5%wt Hemp 135+2.50 1.35+0.15 71+2.85 4.04+0.225
PLA + 10%wt Hemp 130£2.22 0.90+0.13 74+2.56 4.25+0.255
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nsUFuimanuBavguliuineulnandewaadluiwes

WeUiuupanTRsumunzvesnouindnisinmeasufuwaralowes Ao wodlefidu lnarea (PEG)
adlUiUBinas 2.5 uag 5%wt nmsAnwRaildanmsiuwaailowes PEG asluilofuiiuant@audangu
Tuntagaunsed 2 uandiidiuin mnremuussidaindsuuvasegiitoddy winnudadiigauavesian
diugedu Tuvasfinmsfinuauifinnunuussinsevesfagnuin mumuisidnseuariegdaussinsevasagasd
wazdunltiana

uaitldnnaiteiiaonadosiunuideves Li wavanylull 2018 [18] fivimsdnyinauesniadiu PEG as
TuamEndues PLA nui manuvuussislideunuadurnsiienudafiqpuaiuiu e5unelé PEG Mifuadly
yliSandanmuomanainiistuiianmainiianas dohlimmuudaestaganas uenant AssdswalasiFan
nuussinseiiunliiudesasieg FansiesanesautBnunuussinge o1adalsanetiade wu Yagdniuldlid
doswnlalfinsuiuanmaesmediuesnowihniswa vie vinves PEG AlY enafitminluanadlaivangas usy
Fetladusing q wanilarldinsnuludduseld

A159991 2 AUUARIIUNUUTIAIUAZAINNULTIAANOYDIGAT 1%wWt Hemp/PLA RFNWAI8A 01905 PEG

ANUNUUTIRA AUNUNTTAND
gas ;
AUNLULIIAY, MPa | AUBARITNIIAYIN% | ANINNUNTANSD, MPa | HaRAHLIIANND, GPa

Pure PLA 53%3.10 2.50+0.18 65+4.55 3.45+0.295
1%wt Hemp/PLA

) " 95+2.80 2.15+0.14 79+3.65 3.65+0.180
without additive
1%wt Hemp/PLA

. 108+2.55 4.58+2.60 71+2.84 3.54+0.210
with 2.5%wt PEG
1%wt Hemp/PLA

. 105+2.75 6.48+2.45 68+2.59 2.95+0.305
with 5.0%wt PEG

Tunsvanestuguieirdosiusianuii wud ndesfuiannsofuildradesuaudelfidulogns 19wt
Hemp/PLA/5.0%wt PEG LﬁaamﬂL?;Ju'"ia@ﬁﬁmm%ﬁaﬁ@@mmqﬂﬁqﬂumﬁﬁaﬁ Hesanmsideiiumsitudesiu
’LumiﬁﬂmmmLf]ulﬂlﬁlumiéﬁ?ugﬂLé’ﬁﬂﬂamﬁamﬂLﬁuiaﬁ’z:ymimal,l,azwaal,ua%%amw Faefinsdnwdadedud
finalunistugululonasely

4. d3U (Conclusion)

Snsdruvesiyrsiivnyauiunssuaunsaenundlulewatafinsaudu PLA TueAded e 1%wt
osmnannsntugiSuduiuianudald vonanifansieduusaduledyreiiivadaunsofiuemuudusdiu
Fagld wifvinlmAadesdesluiFesanuisne Feanunsodiviinanudanguliiuiaglaevhnisify
wanailuwosludnaain 2.5 way 5% dwmu ilvisanubadilyainves anutuusivinlFauifinnumuuss

ansersauaziilotugliuduleandfudiudulelianuBanguindusazannsafinilinoio
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nswadauLRaiIgaunIaunlululewanaiinnats
Development of wound healing cloth containing bioactive glass nanoparticles
Fains Ulund", 1andyg fiyana’, nileg azdzan’

Cheevapat Pamok"’, Ekarat Meechoowas', Kanit Tapasa’

UNANELD
nuATeilsutiunsduaneilulonoaiinanalildoymassiuuusaslifinnudundndamngdmsy
mathlUszendldmensunmd wu simwnduihauuwa nsduasesieuniaulululowsaiinnana gninseulag
NswWem Si0_:CaO:P O_ fifignsduuansnaiu feilwanalagnszuiunistes Stober dlduwenluiloulonsonles
Jususesufiisen Tinseisaemaiia X-ray diffraction (XRD) Scanning electron microscope (SEM) Wag Fourier
Transform Infrared Spectroscopy (FTIR) Lﬁ'af‘;meﬁmmﬂumﬁﬂLLazé’mgmﬁuaﬂUIaLLaﬂﬁWﬂmaﬁé’qmiwﬁlﬁ
WUt 91nma XRD dlewan CaO 7ishsndn 10 wWedudlnslua lifinnudundn amee SEM annsadusuléd
symaulululeuenivinanaiduasesildtdnuaziiunsinan vunmadsil 200-300 wiluiwas uag FTIR wuiss
ﬁaamﬁmﬁ'ﬂmna%ﬁﬂuLaqamaqlﬂaLLaﬂﬁWﬂma mmily’uﬁ’]luiaLLaﬂﬁWﬂmag_jmﬁhjﬁmmLﬂumﬁﬂmmamﬁu
waglaaiismsndiusing 4 nud SsrdussninuilululeueaiiMnanaruwaglaa sasadmuiivanzaude 1:6 o
fisnardnioynaulululoweaiinaradimanszaeiiirluususaglaa

Abstract

This research aims to synthesize bioactive glass nanoparticles in non-crystalline structure which can
be used in medical application for example wound healing cloth. This synthesis was composed of
SI0:Ca0:P O, at the different ratio using Sol-gel method and Stéber’s process that ammonium hydroxide
was utilized as a catalyst. The synthesized bioactive glasses and cellulose adding bioactive glasses were
characterized using X-ray diffraction (XRD), Scanning electron microscope (SEM) and Fourier Transform
Infrared Spectroscopy (FTIR). The XRD results of the 10% mol CaO show a non-crystalline structure and
the SEM images of the morphology reveal nanospherical shape in size range of 200-300 nm. FTIR results
identify chemical bonds corresponding to bioactive glass structure and then obtained nanoparticles were
composited with cellulose. The results show that the composition of bioactive glasses and cellulose at
a ratio of 1:6 is homogenously dispersed in cellulose matrix.

Addgy : luleusaiivinana eunaswIALIlY AauIuwNE

Keywords : Bioactive glasses, Nanoparticles, Wound healing cloth
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feleindugudnarsvesgsfavinisifieguainly
owdeu Inefnaldussuiluninunnuasnsgu
m3dnw Faldsuanudeduanglivinisienielu
wazAslssina Jagiussunaladaasulvignamvnssuy
mamswwdidunislugaamnssuidmneiazdui
Fundouuszmalnglingaiuandusnaeldiunans
AIBLATHENATIES19aTIAkazNITaS1uTRnIsURIY
weuelveuaud 4.0 nefiidwmnglivsemalnedu
ALENANNTIUNMELUUATUIEDS (Medical hub) fiadu
N5USNTHANITITLWMU

agnalshnmuanuiMedideIn1sensEau
g3fvgunsainisunvdlulnedon1sideuazimuiiiu
wialulad wazn1slasuNIIsUTBIRIUNIATEINAIIY
Uaendeseauas mMindndanuazgunsainisunndves
Inedadunsnanlaglfinaluladilidudou wu qaile
wnd Fadeen uazanerunde udy vneitgunsainig
unndsedugs 1wy oiuasidion edeadneisd uazindes
aunu fidesldmalulanisndauazuinsgiuaan
Uaonduseiugs Sasasiimnnisiidnangudndui
MnssUszma Tnglul 2015 yarmsiidiedesie
wazgUnsainmsunmgvedlvegadia 150,000 SA1uuv vasy
flyadinisdseanagiisny 22,000 Ermumiiidu (1]
Fefulssmelnedoasaimumaluladnisudneiosdo
uazgUnsaimsuImiRilyamsyfugaletiugarinisds
oonliigaty

FainTrnw (Biomaterials) 1uwilslunan o

& i =

NINSWINNENTLaA a9 T lgnawnualundagiu

U U

Tolusrsmeuywdidouanm lddnesidunsivdsu
fgelyy Msadiefoanilen nisugnaneniioide s
TufseunsninagYagene 9 Alddusrenie wu udne
Tangailu uazvieveavasnden usu Tagdinim
annsawdaldantanilulidiasdu Tave wsdn
wodwe$ Yannaw viFeansiafath Wusu uiduian
niafignimuntudelfifutantinin Fa3und
lulonana (Bioglass) tesanilaudifsuninfagdanw
#iindu o Aeauisoavansuarnszduliinnsdonusy

q
= Y al

nszanvsaillaide (bioactive) NAnIdandinnau 9

= o

Taganiglulawaafivnarandeuninseauunly

q

(bioactive glass nanoparticles) ALINNIEUDA

L] 3

naianfanuindtumnfe desnsliianinuaus
ogszwintaniideudrades waziagiiannsaazae
¥ Sapuindfediufisomaniitusnenie uwiAmams
fifvesTagwiniu [2] FeflamAdeduuannldiamn
aunaulululaneniivinaradmnsuldluiangunsal
msmsuwnd wWu nshluiedeviatandinmdu
WioinasRrnandiuliniednnn (biocompatibility)
nstnlnauiuiananmmediuesiielviinuuds
wsadindu nsluldlumalulagnisdndesendng
519718 (drug delivery) nsinluldanuuna (wound
healing) tlsaneynialuleusnaiivinanatiautifluns
Muenlaga1u1aannaInIsUakKaLaziswIally
Foaudeildish venanddannsnanernsdniau
Yosunaneuiinsiulaladnaae
antAlunisanuunavedluleneniinnalaiin
nnsiinlensendosnilng (Hydroxyapatite) dudu
usuAaBeuWoan gnsniaedide Ca (PO) (OH) 1w
arslensendornilndduduarsedunidiiu
padUsEnouveInTEgnuariidna LY szan 69% vsh
uiinnszgn Famelulafluthgtuduausowdeutuld
NUNAIN 4 TUsTTUYIA sathy ensuilnisaduiifen
Tumsthalfluansnaununsegnuagliluszuuiiiden
3] Wngluleweaiivinanavziindulansendezmlngdled
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nmafmuduianuuna Janiidenldluns
vduwsiulausade waglaa iesandsemelneidy
Uspimainuasnssy annsmihianmdefiimamainuns
wadawagladeenulfnuld foddevansadivhian
sysunlulseinalng wu lududesn ¥udes iy
devis [5-7) inadaduiwaglaa uenaniiwaglaads
fianshde luazansth desaaseinuazgaduiils 3
wingAumsihuvindutandauuuxg

Tunuideiitedingusvaslunstanusiutan
Unuwaildoynmaulululeusniinnataidudunan 3
sunauntululenepiinnatagndunseisieislvaia
1AgNTZUIUNTTVY Stober ANWIBNITIEIUTENING
SIOZ:CaO:PZO5 fisnsdu 70:25:5,80:15:5 iy 85:10:5
wWoesudlaelua Jinszvanuduninuazdugiuves
syneluleusaiivinanaiduaszild 1esannisin
nanvaslulawenfivinanaiilinnudululoueaiinuas
mainlansendermilnsanas Iuhiwaglaamanisdng
wanlulszmanauiveymalulausaiivinanagnsilaidl
aandundn Asnsndau 0.06:0.06, 0.06:0.03, 0.06:0.01
uaE 0.06:0.005 N3y AnwIndmdLNEaLsEIIg
waglaaiueuniaulululewenfinnaa

2. 75015798 (Experimental methods)

2.1 Yaquazaunsal

Tumsvnaesiidasaranemnsviefiaeesndann
(Tetraethyl orthosilicate, TEOS) @nsn1aimiifAe
SIO(C H), AuUIavddosay 98 Bta Acros Organics
upaieslumIenszlawmse (Calcium nitrate tetrahy-
drate) gasnupilae (CaNO,) .4H O fve Carlo Erba
Reagents @1savarulasiefianednn (Triethyl
phosphate, TEP) gsvnaiadlfio (C H), PO, mwuu%qmé
fpvar 99 B%e Acros Oreanics ansazansueuluiien
lensenlust gnsnianiifio NH OH AU3arisiesar 30
S Carlo Erba Reagents #130¥a18L0N1UDA GAINI
wiiAe C H.OH AMuUIavdsesay 99.9 Btie Carlo Erba
Reagents wazansazansiaglaanianisdiinanlu

Usne
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2.2 Asmsaaasizsiunlululavaniivnana

mAdeiidendnudnsdsewiiemseieia
903lnTane upaeulumsmanselawse uazlasieona
woaun Tusdwsdiu dwsed 1 Mdndudusai
Ufnsenlelaslada ldansavareueuludenlansanly
Wudsejasernazaisazatsioniueaidudvi
azany [8-9] Tnefidunounanidasuil 2 thansianse
iiaeesindaing nauduieniuea weouluidey
lansenles waziindy Juntuarsazanelidamu
antuthlunausulasefiaveamanazuaaidon
lumsnansglawsn mudiu Junuasazaeiomn
Tty ansavanedildaeiidunngu tharsiduasei
Teundumieafinauisa 7,830 souseund 1Hunan
5 unit dweyntauilululowsnivinana daothndy
2 adsuazioniuea 1 ads Mé’qmﬂﬂguﬁﬂﬂauﬁqmwgﬁ
60 pamwaldua Wuna 6 daluadeliuis thansi
sunsudnualvaziBennouirlumniiguvadl 700
osmwaoa (Junan 2 $alue Sasnsifiugamad
M5k 2 ssmwaiareund tielany O-H vuiives
aunmeawitululoweaiiinatasanty

#1519 1 dNTIFIUYIEITUsENOUR Y IUnITaNATIES

gns gns gns
miéf\‘iﬁu 70Si0,- | 80SiO- | 85Si0,-
Fe0ams dsefifild | 25Ca0- | 15Ca0- | 10CaO-
5P O 5P O 5P.0O
2 5 2 5 2 5
(mol%) | (mol%) | (mol%)
SIO, Tetraethyl 70 80 85
orthosilicate,
TEOS
(SiO(CZHS)A)
Cao Calcium 25 15 10
nitrate
tetrahydrate
((CaNOB)ZAHZO)
PO, Triethyl 5 5 5
phosphate,
TEP ((Csz)_
PO)
3 q
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.
c [B m oo o Il
deansiinine? 1 faanstinined 2
-TEOS 3 ml -uanlaufizalansanlas 4.5 mi usnsaNiy vimsiu W TEP 0.13 ml mm3
- lanmuaa 25 ml -l @anua| 10 ml nau 30 Wil Aunau 30 wii

&
-hnau 15 m

@ -

B uslviaudean = - fhuwvidseiinnuda 7,830 sau
3 of a o B
L e OB faundi fluloan 5 undi da T
LA & 3/2 2
11u12a1 2 1. 7 heating rate 1381 6 TN, Fandndu 2 afs uas i ~
2°Clunii 0.37 g 1funau 90 w1

&
anuas 1 AsY

FUM 2 : Jupeunrsdunsiziunlululeuseiinnaia

2.3 mawssuuHuiauaglasnanayniauilululauaniinnaid

musnantioansvonvaglaadeuilunausveymaulululoweniiinata lnefituneudsgud 3 ga
ansazanwaglaan 20 addns sufigaumgdl 50 ssnwaidea Wunan 1 %u suasazaeuienaaduusiu thly
Farhwinld 0.06 n¥u wewwlululenoaiivinanatuasazaewaglaarisnsdudanaed 2 iWefnwmsnsdau
fomngalumeiibusiulouns dunulidrduiigamgivies minduihlueuliursdionngli 50 ssrzadea
Junan 14y

M3 2 BaTiduserinwaglaanveayniauilululousaiinnaia

dnsndau (nsu)

waglaa 0.06 0.06 0.06 0.06
aunawlululeueaiinnaa 0.06 0.03 0.01 0.005
\\\\g — oy —_—
=1 =l ] el
1 syringe gn i lueviiguugd 50 °c 14y 0.06 g danauntululauaniin
asazAE 19u nanait
\1aglad 20 ml 0.06,0.03,0.01,0.005 g
€S — /
- = S=
\3'111-|ﬂ1-|‘7l\i1m"{lﬁ 50°C 13U funaulsidnmud dhnsunlululauaafinnansiidaus 11 syringe gARITATAE
uugiivias ardnsdamuvldauininda wnglad 20 ml Wdauwzda

JUN 3 : dupeuninmTeuwaglaanauduwilululoueniimnaransnsiaauei
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2.4 NSNAFAUA2DENS

ﬁwmiﬁé’qmezuﬂlﬁmﬁmswﬁ'gﬂLLUUﬂmgm
\WuTeI3aABnT fela3es X-ray Diffractometer (XRD)
S0 AXS BRUKER $u D8 ADVANCE Jiasneiidaigmiingn
Feiedes Scanning Electron Microscopy (SEM) g
JEOL $U JSM-6610LV agiasgnzuuuunisganausd
BunlsusasaeLAIes Fourier-transform infrared
spectrophotometry ﬁﬁa BRUKER i;u VERTEX 70

3. HawaLIv1sal (Results and discussion)

3.1 wamsanszieuniaunlululauaaiinnand

o =7

FU 4 : wavesinlululeweniinaradunszvilaesdanvasitu
ENEYI UV UAN 3 gaT
W Calcite [CaCO;)

A Ume {Ca0}

@ Calcium Silicate Oxide (€3,5i0,)

Intensity (a.u)

(e)

(b)

—

2 theta (deg.)

Ui 5 3U44uunm§ymwwadi”o§z5nsz? (a) gn3 705i02-25Ca0-
5P.0, (b) gas 80SIO -15Ca0-5P O (c) gns 85Si0 -
10Ca0-5P O,
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U 5 amsenesilasaiendnueseynia
ulululouandivinana wudn yniegeiifianinei
2-theta fiUszanal 24 esrwaloa Jauansd Sio,
oduguiiuigmeandn [10] wasnuiinvesignindu
fle #igns 70510 -25Ca0-5P O, uaw g5 80SI0 -15Ca0-
5P O, wuwanwes Calcite (CaCO,) JCPDS number 85-
1108, Lime (Ca0) JCPDS number 43-1001 thag Calcium
Silicate Oxide (Ca_SIO,) JCPDS number 13-0209 lag
iesnsdmves Sio, dutuaznuianziiaves Sio,
odugnuifiseiafien sgdunadiuldin wdniiny
Usznaufeunaidouionmn gns 8550 -10Ca0-5P O,
Alunadeutosiign Jdlinwunan 1leaainnisiinnan
vlimnufululowoaiinvesansidaaseildanas
Faduddldgns 855i0 -10Ca0-5P O_ nauiuiwaglad
a3 levianduianuusa

Uil 6 : dugnimerveseymeuilululouseiinnata (a) gos
705i0 -25Ca0-5P O (b) gas 805i0 ~15Ca0-5P O,

uaz (c) g 85Si0 ;10CaO-5P O,



2MFESHAMUIVINGG NSUAINEIFEATUSAS V9 10 aTUdi 10 Femnau 2564) 85

nsnwdugiingrveseynauilululowsaiinnatasemaiia SEM uanslusuil 6 wuin sUeves
oumaulululoweniivinanaidunsinay ogsuiuungu fuuaeded 200-300 uiluns Tnswnveseynin
wilululeweniivinanaaziivuaidnas Wednmamves SI0, Winduuay Cao ana

Ainsgandimaaiivesmsitegisfivasavady 4000-400 cm* weseymaulululeusaiinnanaiiion
mafeiussvdraniauifselelasladdluiuneunsdanseioymauululewsniivnana wansiegudi 7

— —\ A~

) \
)

4000 ELT 3000 2900 2 1500 1000 500
Wavenumber em?

Transmittance [%]

U 7 : suwvunrsgandusidsunisse FTIR veseymenululoueniiinata (a) gns 70Si0 -25Ca0-5P O, (b) gas 80SIO -15Ca0-
PO, () gns 85500 -10Ca0-5P O,

Mg 3 gasnudyaaiiavaduusyann 1,400 cm’ @enndesiun1sduvesiusy 1100-1040 cm’
gonAaoINUNMIAUYRIRUSE SiFO-Si wuuliauunslulnun stretching waznwudggaillavaaulsyua 814-793
cm’ @onAdesiuiiusy Si-O-Si kuvauunasiuliua stretching [11]

3.2 nan1seszieyniauilululananiinnaranauiuwaglagiansndusingg

Ui 8: wihuwaglaaiiovusiud
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JUN 9 :waglagimiauivoynmnlululowaniiing agns 8550 -10Ca0-5P O, fidh315u (a) waglaa 0.06 nsusaymauilululouan
nana 0.06 n3u (b) waglaa 0.06 n3usiseumAulululeusaiinara 0.03 ni () waglaa 0.06 n3usieunAulululeuen

inata 0.01 n3u (d) waglaa 0.06 n3useeymAurlululeusnimnaia 0.005 nsu

wiuwaglaaiieFoulifnnumbudedoatu Snunen Liaveu dudnuszana 0.06 niu denaumaglas
fueyatauilululousaiivinata fs5uil 9 wui1 Adnsdruwaglaa 0.06 n3usesynauilulule
wenfinnata 0.06 niu uaziwaglaa 0.06 niusesunaulululeneniiinata 0.03 n3u ukuwaglaaiidnuoe
viinee lsiifuusiunssnan dvtu Siewnsvosoyneulululeueniivinanangasenin uifisnsndrumaglaa 0.06
nsusisaumawilululeneaiinnata 0.01 n¥u uazwaglaa 0.06 nfusdeeyniaulululeusaiinnata 0.005 niu
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g‘dﬁ 12 @13feg1e (a) ﬁLﬂumagIaa Wy
Ty fiaraduuszann 3,600-3,300 cm’ denAdes
funmsduvesiusy O-H Tulnua stretching Savfuiuse
Lﬂﬁsuamagiaaﬁaﬁlw Fradyauiiaradulszann
2.900-2,800 cm” @onmAdasiunsauYeIRUsy C-H
vouwaglaalulvun stretching dyanaiiavadu
Uszana 1,643 cm™ @enadesiunisduvesiusy O-H
Tulvun stretching Jadenndosfunisgandundsnuves
ﬁuﬁwanﬁﬂumaqha Fyaadiavaduuszan 1,027
e genndastiunisdulviun stretching vesiusy C-O
Fyaadiavaiuusyann 891 cm deandesiunisdu
Wiin deformation Vs elycosidic ik B-1,4
Fadudnvazveawaglaa [12-14] Tneilenaueyniaun
Tululeueniinnaariuwaglaaudy wudy a1siiedne (b)
uay () leyneunlululewoadininatayTunasnn wu
Gthms@wnﬁul,l,awaa Si-O-Si symmetric stretching
mode sz 800 cm™ wandliiiudn deyaia
Tulawenfinnataegluwiuilduwaglaa

4. @3 (Conclusion)
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The development and testing of a railway track inspection system for track maintenance
n3s33u dtsna’’

Korntham Sathirakul"”
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Abstract

The railway-track inspection system for track maintenance being developed in this research project
consists of 2 sub-systems, namely 1) railway-track locomotion sub-system, consuming electric energy to
propel itself along the track for the inspection operation, with light gross weight, operated by one person,
and 2) railway-track inspection and data recording sub-system with high-speed and high-resolution image
capturing capability in order to suit the requirements of railway-track inspectors’ operations. These 2 parts
were researched, designed and developed such that the railway-track inspection system had simple
construction and operation, and could be built with locally available supplied parts and equipments,
leading to low manufacturing costs.

A prototype of the system was built and tested on a mock-up test track simulating a real operation.
The test results were used for later improvements of the system to yield an appropriate performance for
real railway-track inspection operation. The prototype had been planned to be tested on a real track in a
real field operation in a near future. This developed system had been expected to put into real inspection
and maintenance service of the railway operators to help ensuring safe tracks for railway passengers
safety and comfort.

AEAy: Nasabil, n1sasrvanInesalil, saduindeusedosnslindsaulnii
Keywords: Railway-track inspection, Track maintenance, Railway-track vehicle
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An advanced technique of laser distance meter calibration
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Abstract

Recently, the laser distance meter mostly employed in construction area, and other related to
measurement applications. Whereas, the length calibration laboratory certainly needs to find out both
technical calibration and their traceability. This research presents the advanced technique of smart
measuring probe for performance test method of laser distance meter, based on ISO 16331-1 (2012). The
minimized measurement uncertainties are 0.64 mm, 0.73 mm, and 0.80 mm of 3 samples, at maximum
range of reference distance 20 m, the confident level at approximately 95%.

Ay : lsedinszevadinawes Milnsudindey deufisu amanuliwdueunisin

Keywords : Laser distance meter, Smart measuring probe, Calibration, Measurement uncertainty

1. Introduction

The laser distance meter (LDM) also known as an electronic distance meter (EDM), or rangefinder,
or laser telemeter is employs time of flight principle [1], which a laser (solid states) beam to determine
the distance to an object, it was developed by Leica, in 1993. There are many of measuring applications,
such as building, interior decoration, room dimensions, conveyor belt lengths, bridge construction highway
survey, and so on. Although, in the present the LDM is more comfortable, and precise than the long range
measuring instruments, it needs to calibrate and metrological traceability as well.

Generally, the LDM is simply used the manual calibration by comparison method with interferometry,
high precision EDM, and standard tape which is set up on. These activity would be usually provided by the
national metrology institute (NMI), at the range up to below 50 m, as EURAMET Supplementary Comparison
(L-S20) [2].

Hence, the standard tape calibration bench 50 m in the length and dimensions calibration
laboratory, Department of Science Service (DSS) is developed in 2009 [3]. In order to provide the traceability

of long range electronic distance device, in Thailand. LDM calibration by using interferometry technique of
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DSS have been developing since 2017, which is
typically based on ISO 16331-1/2012 (part 1)
Performance of handheld laser distance meters [4].
But the measurement uncertainty of LDM calibration
is practically up to 1.0 mm or more larger, that
caused by some technical problems of human error.
The repeatability and measurement uncertainty (MU)
are manually also very large from manual effect of
setting up.

This research presents an advanced design
of automatic smart probing technique using the
interferometry system, in order to minimize
repeatability and measurement uncertainty. The
comparison results of LDM calibration is satisfy
|between the manual method and new automated
technigue method. The measurement uncertainty
and repeatability decrease significantly.

The next research would challenges to
investigate how to reduce the residual errors with
completely the measurement uncertainty evaluation
technique of LDM calibration at the confident level
95%. To evaluate the sources of uncertainty and

contributes uncertainty budgets.
2. Principles

2.1 Time of flight (TOF)

The LDM principle is based on the time of flight
(TOF). In Fig.1, shown the diagram of LDM principle,
the distance (D) is the light path propagates from
lisht source to target or object and return back to
receiver with light velocity (c) and time (t) divides

by 2, as equation (1).

D

—
Target or Object

Light source 'g———

Receiver

Figure 1 : The time of flight principle of LDM

< (1)

When, D: Distance, c: Light velocity, t:

Time to travel a distance through a medium
2.2 Interferometry method

The interferometry method is the absolute

method as shown in Fig.2 the light source is a He-Ne
laser with wavelength 633 nm, power output less
than 1 mw based on light interference principle
refer to Michelson’s interferometer principle. To
develop heterodyne interferometer two frequencies

f and f, as equation (2) [5].
Ag |
j.f = T—E‘D "'i"::' (2)

The principle of linear interferometry as
shown in Fig.2 has directly view linear interferometer,
and movable retroreflector. The result of interference
is 2images f_(f reference) and Af of the interference
fringe which interference pattern is observed by
photodetector, and interpreted fringe to distance

with frequency counter, and heterodyne.

£,
Lo
Y
He-Ne laser > > Y fiy
Y D
< <
<

e-Ne
< S
<
Photodetector
Frequency counter

And heterodyne

<+“—>
Movable retroreflector

Linear interferometer

Freperence = fo A = [

Figure 2 : Principle of interferometry method

2.3 Design of smart measuring probe

A smart measuring probe (SMP) carriage is
only special designed for LDM calibration system.
The carriage chassis made of a high quality material
(Aluminium No.7075). The measurement positioning
is controlled by the high precision motorized DC
driving wireless control of each measuring points

with repeatability approximately £0.002 mm. The

http://bas.dss.go.th
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SMP automatically moves along the straightness of guideway, both pitch and yaw less than £300 arcsec.,
for all reference distance 20 m. The LDM and laser interferometer beams are accurately provided paral-

lelism movement both the LDM target and linear retroreflector, as show in Fig.3.

Smart measuring

, probe (SMP)

Linear retroreflec‘tpr

-
-"

\/' Wireless /%
* CCD camera E

\

Intcrfcromctcr

air sensor

Receiver e
USB sensor hub

el \\O
—
Figure 3 : The design of smart measuring probe (SMP)

The algorithm of SMP, the measurement positioning of smart probe is defined by the operator
setting on the PC and computerized software XAMPP control panel Version 3.2.2 [6]. Whatever, the
measuring probe approaches to any measuring points, the smart probe would decelerate slowly stop the
carriage when comes over each measuring point, and then move to next measuring point. Each of
|[measuring points automatically is observed and collected the data from laser interferometer by CCD
camera via the software, until the program runs completely all measuring points, as Fig. 4 the flow chart

of the running program.

B XAMPP Control
/= Start
XAMPP Control Panel v3.2.2 [Feene ]
Tadues =
Sonice. Moo P Ports) LQEE‘J
e 32 754 6175,01750 [ (_siop. || _adme | [contg | [Ltogs | [ Mshet ]
| [ B (s ] [ oprer |

FleZila St Config || Logs | [ B Services
Nercury ry cots ] (o) [vep Setting measuring point
Tomeat st covp ] (Ciom ] [ ou (Computerized)
[Apache]  Atempingto stop Apache (PID: 4336) .
[Apache]  Status change detacted stopped
2[mysq]  Atempingto siop MySQL app.
[mysql]  Status change detacted: stopped
[Apache]  Atempingto start Apache app. . .
414 [Apache]  Status change detected running Automatic search any measuring
414 [mysq]  Atemptng!o statMySQL app.
[mysqll  Status change detected unning points (CCD)

— n
-L‘ 2 No
\ 7 [ | e
 —
Yes
[¢]
End

Figure 4 : The program XAMPP and flow chart of the measuring program
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3. Experiments

The measuring tape calibration bench 50 m applied for the LDM calibration system consists of the
long bench of standard tape calibration system 20 m, laser interferometer (He-Ne, wavelength 633 nm)
and optical devices (linear interferometer and retroreflector), 6 material and 6 air temperature sensors, all
devices set up on measuring bench together with optical devices, such as linear interferometer,

retroreflector and mounted CCD camera over LDM, as following Fig.5.

PC and CCD! D
controller

Target

LDM

o DC motorized control

ek _U.___......._.__..._.-_-_...._.. ,7"-' _ . smart measuring probe

Loo J ooo 000 I voa ] |
G — ey L L S

I 20m {

Figure 5 : Laser distance meter measuring bench 20 m

The calibration points (CP) up to 10CP would be defined either to the longest specified distance
of the device under test or to the maximum range of the reference distance measurement system. In this
case, laboratory set up only the maximum range of the reference distance at 20 m, as show in Fig.6. At
each calibration point would take 3 measuring runs, until complete 10 calibration points (each point 10
repeats) with the reference distance measurement system, with the unit under calibration, in order to make

sure that the configuration alignment of LDM to target is correct.

5883 8 2 5 2 2 o

5835 8 & & & & &

VVWV V \" v \% v v
|75 e | | | | | | | | | | | | | | | | | | s
L T T T 1 1 T 1 T T T T 1 T 1 T 1 T T T T T I | &
1 2 3 4 5 6 7 8 9 10 11 42 13 14 15 16 17 18 19 20 X

Figure 6 : The calibration points or check points

The 10 calibration points set as following ISO 16331-1/2012 (part 1)
1. D(CPO1) = 0.02*D(CP10) = 0.4 m (400 mm)

2. D(CP02) = 0.03*D(CP10) = 0.6 m (600 mm)
3. D(CP03) = 0.05*D(CP10) = 1.0 m (1000 mm)
4. D(CP04) = 0.07*D(CP10) = 1.4 m (1400 mm)
5. D(CP05) = 0.10*D(CP10) = 2.0 m (2000 mm)
6. D(CP06) = 0.20*D(CP10) = 4.0 m (4000 mm)
7. D(CPOT7) = 0.30*D(CP10) = 6.0 m (6000 mm)

8. D(CP08) = 0.50*D(CP10) = 10.0 m (10000 mm)

9. D(CP09) = 0.70*D(CP10) = 14.0 m (14000 mm)

10. D(CP10) = max. distance = 20 m (20000 mm)

Where X : Distance (m), maximum range of the reference distance : 20 m

Note : The calibration or check point of classical method is 0, 500, 1000, 2000, 3000, 4000, 5000, 10000, 15000, 20000 mm.

http://bas.dss.go.th
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The measurement conditions set up under laboratory conditions with temperature 25°C + 3°C
or , relative humidity 50% + 10 % target reflectivity 95% + 5% and background illumination < 3000 (x
(indoor conditions).

Reference standards:
1. Measuring bench 0-20 m with smart measuring probe

2. Laser measurement system 5529A (optional for long range application up to 80 m)

Unit under calibrations:
1. UUC-1: Fluke 411D, Range 0-30 m, (DSS’s artifact)
2. UUC-2: Leica DISTO D8, Range 0-250 m (customer), and
3. UUC-3 Leica DISTO A5, Range 0-20 m (customer)

4., Results and Discussion

4.1 The corrections and repeatability

As mentioned above, the calibration points based on ISO 16331-1(2012) 10CP (Fig.6) have been
starting since 2017. The correction comparison of UUC-1 (Y2017 & Y2019), UUC-2 (Y2016 & Y2019, and
UUC-3 (Y2016 & Y2018) as Figure 7, Figure 8, and Figure 9 respectively, are compared between the
manual and SMP method. Therefore the UUC-2 and UUC-3 would be compared correspondently only the
nominal value of 0, 2000, 4000, 10000, 20000 mm.

Comparison of UUC-1
1.2
: t
- -4 - 411D-2017 K
= 0.8 —A— 411D-2019 )
S .
< 0.6 Y
ke, /
S 0.4 S
S 0.2 /
/
o % ; — 3
-0.2
0 2 4 10 20
Calibration point (m)

Figure 7 : The comparison of UUC-1(Y2017-Y2019)
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Comparison of UUC-2
1.5
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05
&
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.©
g -1
£ .15 —e— DISTO D8-2016
O
-2 —@— DISTO D8-2019
-2.5
-3
0 2 4 10 20
Caliibration point (m)

Figure 8 : The comparison of UUC-2 (Y2016-Y2019)

Comparison of UUC-3

o
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i
|
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Figure 9 : The comparison of UUC-3 (Y2016-Y2018)
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The repeatability of UUC is compared with each other, at the same calibration point and difference

methods between manual and automatic system of SMP, as showed in Tablel.

Table 1. Repeatability Comparison of UUC1, UUC2,

Bulletin of Applied Sciences Vol.10 No.10 (Aug. 2021)

and UUC3 between Manual and SMP

uuc1 uucz uucs
Nominal value
(mm) Manual SMP Manual SMP Manual SMP
(2017) (2019) (2016) (2019) (2016) (2018)

0 0.33 0 0.05 0.14 0 0
2000 0.33 0 0.05 0.14 0 0
4000 0.33 0 0.05 0.14 0 0
10000 0 0 0.04 0.09 0.2 0
20000 0.33 0 0.03 0.12 0 0

However, the repeatability of SMP method is obviously more stable than the manual method.

The authors expect that their long-term stability of SMP is certainly better than classical method as well.

4.2 Measurement uncertainties

This measurement uncertainty evaluation based on M3003 (2012), the guideline to the expression

of uncertainty in measurement [7]. Hence, the 12 source of uncertainty budgets and flow chat of measurement

uncertainty budgets, as following, Figure 10 below.

. Standard accuracy, (us)
. Dead path error of standard, (u_)

. Resolution of standard, (urs)

Measurement uncertainty

I

. Resolution of UUC (uru)

‘ Deviation of measurement (Up.,) ‘

. Abbe error of measuring bench (umb)
. Abbe error of standard, (u )

. Cosine error of standard, (ucs)

. Cosine error of UUC, (ucu)

. Drift of standard, (u )

10. Refractive index of air, (uin)

O 00 N O U1 A W N =

11. Zero positioning error of standard, (u)
12. Temperature effect, (u)

13. Deviation (erv)

Figure 10 : Sources and flowchart of uncertainty evaluation
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2 _ 2 2 2 2 2 2 2 2 2
U, =up +ug +uy U Wyt Wes e TU UL, TU, (3)

z8,zU in

Each source of measurement uncertainty budgets were declared and combined of root sum square,
i i 2 2 i
as equation (3). U, U, U, U u;, U

2 2
s W s Uog cus s @nd Uy In case of air index effect, which

is not change from the previous value, caused by limitation of setup equipment. The comparison results

of measurement uncertainty, as shown in Table 2.

Table 2. Comparison of measurement uncertainty of UUC1, UUC2, and UUC3

UuC1 uuc2 uucs
Nominal value (mm) (mm) (mm)
(mm)

2017 2019 2016 2019 2016 2018
0 1.1 0.17 0.68 0.33 2.0 0.60
2000 1.1 0.17 0.68 0.33 2.0 0.60
4000 1.1 0.17 0.68 0.33 2.0 0.60
10000 0.9 0.33 0.71 0.39 2.0 0.64
20000 1.3 0.64 0.84 0.73 2.0 0.80

5. Conclusions

The comparison results of measurement uncertainty for UUC1 (411D), UUC2 (DISTO D8), and UUC3
(DISTO Ab5) at the distance 20000 mm, reducing measurement uncertainty as 0.66 mm, 0.11 mm, and 1.2
mm, or up to 50.7%, 10.7%, and 60% respectively at the confidence level 95%, which is decreasing
significantly within maximum permissible error +1.0 mm, due to reducing of repeatability. Recently, length
calibration laboratory of DSS accredited ISO 17025 (2017), scopes of LDM measuring range with calibration
and measurement capability (CMQ), issued update on 2020, as Table 3.

Table 3. The calibration and measurement

capability of LDM
429n1590 Iamuausansaeuiisunaznisin (CMO)
Oupto6m +0.26 mm
>6uptol0m +0.38 mm
> 10 up to 16m +0.54 mm
>15upto20m +0.65 mm

The next research would present how to investigate the main factor of error, and to evaluate or
discuss more details the sources of uncertainty and contributes uncertainty budgets technique of LDM
calibration at the confident level 95%.
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Development of force control equipment for paper crush testers calibration
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Abstract

Mechanical properties of paper packaging are one of the indicators for the capabilities of the final
products. According to the consistency, accuracy, and effectiveness of the testing equipment, it needs to
be calibrated with the standard calibration equipment to ensure that the testing equipment could be
worked properly and efficiency. In addition, the repetitiveness of the calibration also indicates the
stability of the testing equipment. The ring crush tester is used to determine the ring crush resistance of a
paper strip formed into a ring with a standardized length and width. This test is performed corresponding
to TAPPI 818, ISO 12192 and TISI 321 standard. The main calibration equipment are load cell and monitor,
which the calibrated person needs to adjust the force of the load cell himself which the value of the
adjusted force needs to be exactly equal to the given standard. As a consequence of this adjustment, too
much time of adjustment is taken, and the force of the load cell is not accurate, imprecise and various,
leading to the inaccurate calibration.

In this work, the add-on equipment for controlling the force adjustment of the load cell is developed
using the gearing ratio and the motor. The results show the increase of stability of the force adjustment,
in other words, the adjusted force is 2-8 newtons closer to the given standard, 20-25% of lower adjusted
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time taken, and 10.4-37.5% lower of uncertainty.
The repeatability and reproducibility also 19% and
48% improved, respectively. Furthermore, this
add-on equipment is controlled by rotational rate
and the linear guide way, which leads to the higher
precision and accuracy.

AdAgY : LA3DITALIINANIIY doUTIBUSING Tnanad
Keywords : Ring crush tester machine,

Compression calibration, Load cell

1. N (Introduction)
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Wufenssufidndudmiumsviiliulainedesde fnildnudiamsainuldedisuugmuiidesns Jamaan
nsaeulitsuiilenaniinsizst axvilvansnsadmualdinieiesdieiamsezde luvFedndudesuiuussnaninnng
gouifioy vhlihilaldiiedesflonsaoudineholdodnuduguazdoteld uarnansaoudiounans q as
Hauandiiiunudnvarnuanuaios ( Stability ) veurdesiainladnse

%aﬁm%’uLﬂ%‘laamaammﬂﬂumvmw AABNASEIL IS0 12192 Yeil 4.3 LeBamaaeuusanaRUUlHAL
mansusenesTuiRdeu msaeuliisulRdulumusnnsgiu IS0 13820 [5] Taedwiidrdy Ae msinmanusiu
usaneverusang ilensivdeuilvanead (Load Cell) voursomaasuiimnugniosaunsalinulsng oy
Wisuifualvanwadasguiidivun i s uanietemedeuiumieumnsasuiiunssiuvieli Tnsgunsal
douiieunan Usenausmie
il uansenfivauanawa (Display) Insuansrniduuss (N) ﬁﬁa’lﬂ‘wmﬂgﬂLLUU%uﬁULLNﬁI“ijWWE{EJULLazﬁlum‘Uaﬂ
indesileflaouiiioy

1) fhsurusevizelvanigad (Load Cell) [6] luaunsalilfiuasuanussiinszvihmelnanadiJudya o

2) WUFAINALUUATE (M1RTIALTING) SUALTIMUAIFQ I LAAINAAIRILAUNITABULTIBUMENINTIA
wsneawagivaniag daandluguil 4

FasuAuIviTeluanITag

Lﬂ?ﬂ\iﬂﬂﬂ’ﬂﬂu‘a‘ﬂﬂﬂ‘luﬂ‘izﬂ’]ﬂ

o

ADUAPNHALLLARYIA

FUN 4 : N13F0ULTIIULATOITAUSINAIUNIU

Fodunafiduusziiuddy Tunsaeuiieunsinalupdemaaaunsyay Fastellil

1. efeamnaouivinnsnmsasuiisufimnuiasuutasiuluel 4 weue hliAnammainnaevesdos
VAEOU WU YuIn If FAman1segeu snsisin1segeu

2. aduseiidunesguaninasiausanauas Inanwadfiiaasiione ilvnisaouliisuiuiaios
neaaudaseanuislildvinduaiissyld siliAnnseenussndulunduanidielidsansuialdinanlunisusumn
ity

3. AnNvLULATANNEEUTE A s maaeuAUanwadiAdosaouiioy Tuunsumisazdudaneu
uwniidutssznududatuhlaraaedou
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4. il msazdenvesiigeuiisuiinnudeulm (Sensibility) snmiuly [Wosduiinismenenanii
Hulwdnwidedrleiedunmisuiiioy winuhdudlldlbifniiastahlinstuiindatuegfunisinauls
VBN EGRIIAT

AT auieianmaluletuinnssuieldmsuuiumunuussiinalunuaeuiieuniomaaey
usINAvBINIEAY Lislinsaouifisuaunsnsiuuar TarusanaldgniioauiugiBetu TnsUssgndldinaluladsu
FfnARIUANLSY NMsMALsIeailes szuudeuse stuumuAuAuGsUIUY Wulsslevddmiunshldldiie
MURNAINNSABUTIEUAS BIMRAB UM LU INAReALA LA NAN ATluAARENMNSTINTEAY TidsNSHANTS
fadifenugniowuazuiugigs ieneiauarfutsnszuIunsandui i dulunusnasgiunndedu

2. 35115938 (Experimental methods)

2.1 Uszvnsuazngasinagnenldlunisdde fiduldnmunngusegndluniside el
2.1.1 LATBMIAFBUAIMUATULTINANLIIU 113U 5 LATBY INNGUNIAGAFIMINTTHUTIYIUeINGDINTZAY
aniln 3 viesUAns

Y
'
P | d

2.1.2 gz Usviiununinvaaneilenosniuu Inedideidengidetvyanduiifnnsaeuiieu
AULATRINAABUNTYATBUUUIANZAY F1UU 4 AY

2.2 wsadildlunsive wiiewsasefildlunsaaudiou

2.2.1 pRBmAEBUALIULSINAIILWIL/ABUgNYN (Crush tester machine) uuulnanwadnaaINFnu
UUAYE é’ﬂLLamﬂugﬂﬁ 5 mﬂsﬁa;&am%'mﬁmm']mamﬂﬁauagﬁ +1% ANUIUATA 1 Tau Yrensladeu
0 - 2,000 AU

FUI 5 : §906191A309VATOUAIINA UTINA WU IL/ 8O UgNINYEINTEATY
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2.2.2 1asiausanandenlvanwad lnedsenunisaeuiisunineasuifinis L62/08089.1 9nnas
ANNENI TR URNTWAL SUTRIMENA NI (ar.) Wodsu 93an153R 0-2,000 Tasiu el

ASISEY  489.15 e
ASISEY  978.30 aFiu
ATITEY 1,467.45 TaFu
ALTISEY 1,956.60 Hadu

AANRANANR 1.45 Tasuy Amulaintueu 0.73 Ty
ANAMNAANANA 3.62 125U ArAdldutueu 1.37 Sy
ANAMURANANR 5.72 125U ArAdldintuou 1.90 Gy
ANAURANANA 7.63 Tasu ArAuldiutueu 2.74 Ty

2.2.3 ypgunsalang 9 flEsaulunmsaeudiou wu Ussualonnimden gunsalauauuse s
Wesnnflvwaesesieniviigan anunsadiduussmuaunsnalaegliauld lneddmdesdilsdmiunis

= = No &
daUWN SULﬂiaﬂwmﬁ@Uﬂﬂﬂma‘lﬂu

- M3vsunuANksINaluuasUisuATaIaae UlTIa BN oAURIUEININTY LI Adym

Ao QUNTRITILAIUANLTY

- ANULEDYSLATAIUALLDUAVBIANANNLATRILaNAdRUNULAS Rl p@RUWIB UL AUBR UL kUINILA

=

Uy Fie gUNIBIIBAIUANILTY

q

ey alAToMARDUAYINAULIINAUIIW/ aaugniln dasalull

Snuausefingzih NAINUVUAIAN
2901539 (Measurement range) (50-5,000) Wadu
SL8LNANI0YTN (Stroke length) 76 fadiuns
mmﬁamim%"&mgﬂ (Deformation speed) (1-50) HadLuns/uni
AuSLAReUTindU (Return speed) 60 fadLns/un

YUNAHULNAY)

125 x 125 Saaiues

2.3 N1599NKUULAZE519UNTAIRULUUNYIEATUANLIITINARBLATDINATIULITINAYIINTEAY

2.3.1 M590NLUUUNTAIAUKUUTITIATUALLIITINAMBLATEINAAB ULIINAYBINTEAY WiImslunisasi

gUNIAlAULUUTITIBAIUALLIITINARBLATEMARBULIINATBINTZAY UseNaUie famuaukss Ausiseulunis

ViU FiEVNensvyY unusIndeulazszuudoamumils InevihnusaniuyaaInsannguu RN Isuius UALAZ ST UL

anluii (we.) Mellanunsaivuaveuwaeuly fie ludldusseulumsaiuauuazanunsausuusils Yivanusaazm

Tunsiieu Imaﬁﬁmﬂiﬁwﬁ’mé’wiaiﬂﬁ
- ml,l,iqmaﬂmmawsulﬂ (F ) 5,000 76 (509.8 Alanduuwss)
- maqmimmLsasauwmuasLwammummmmmlﬂLLavmmmmumum&nmu (RPM 1 SOURBUT)
- swwyuwmmmimmmummmaﬂsmwmas 5 714 #0 0.08 WA Lﬂuﬁummmﬂmmmai 5 f® 0.003 LUM3

NGNS
NMFYIUZaLe
UNHBINNT

Power (W) = Torgue (N.m) x Speed (RPM) / 9.55 [7]
Power (W) = 5000%0.08 x 1 /9.55 = 41.9 W

419 W = 5000%0.003 x RPM/9.55

Speed = 41.9*9.55/(5000%0.003) = 26.4 RPM

v O o a v v A oA o v A =
fatiu Sasmaseuiinisidesatesfie 26.4 : 1 uiilennudaendsvesyltuazauminsauvaunsole
Faiupslisnsmasaunias fe 500 : 1 (3000 RPM : 5 RPM) wazldiuuudavinaunsaluazdeyasuanslugun 6
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D T j ' D

C 233.79 o | C

254
279

354 |
k9
\C/) 3 fnaunu 4.fiutlaglnin
B ANNNLEITALILAY B
1.AILANLINNA iAnnennava
y ——
A A

2 AABARILIUS

6 S 4 3 2 |

FUM 6 : uuuuasToyagUNTaAlYIemIUANLTITINAGBIA TOIATOUNTEA 1Y

2.3.2 dmuaraiiagunsaltiseusuusaiinaseialomaaeunssay mendsliuuudavhaunsalud
yhnsdndentandatsenousing 4 daelul
1) ¥muRuusang duussuaiidvuiandumsnndnmundenlaslen () mszanusuniu
nsianseuge liiuaty ausumuussisgadufimadodioutulansdu
2) unundeunasidoadumiddianduesgiidoumseiimnuudauss asnsaldnunauny
wiEnlFiHuogad lduady vueuduld S nuanufeuldd asulifanmstne
3) famuANust AnusIseuluN IR uLas eI TN savandesuadlnainnszua
Intladuidunssuanss (220 v 18u 12 v) Wiandundoawaraiin stz dndniuilivhauieu lailwih
fmnumilen
233 yasedlirudesiu nevisadigunsaiatefiuuds vasedldnudumiuiiseu fimnamams
nalunslioy Addlwaldls
2.3.4 viaesae ULisuLAS omAdeUANLALLSINAWIL/aougnyin IneTsuifisuserinsnsaeuiioy
Unfuazmisaeuifisulagligunsaifuuuiiadneiu andusissyieutuaiildnnnufofltaesadostuinasgu
SO 12192 fiszyin Mussniesemaasuiimanuaaandeulsiiiu 1% lneldanaia Anads (0 uazauill
wiuau LLammﬂ’liaaULﬁﬂU&g&Lwiﬂ'wLLﬁniquLSﬂﬁ]uﬁnmqmﬁw
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2.4 msvszfiuauniwvasgunsaliiadedu §isuld
fvuagiervganguiianisaeuiisudiuieios
AOUNTEANS 1 4 Ay Tdunoudsil

2.4.1 IpvuuunesunsUsTEuMANN YR
gunIal MINNIMAIRTLANNARRASBIsYTINTDA Y
ﬁ'm;mh::mﬁ (Iltem-Objective Congruence Index : 10C)
[8] wuseeniu 2 1y 1) FunisesnuULLATaIALASes
2) fhumslianuiaies

2.4.2 @13AN13YNIULATNITABULNBUAIY
gUnsaitIBmUAuLIITias 9Ty

2.4.3 hwafildnmlssidiuauniedosag
Hidoamney vnAvaada sugmsi 1 ol

IR
Ej(lﬂi I0C = N (1)
e 10C fe Andwliaennnemy
AUUAFIUYDINNTINY

TR A9 ANATINVDIAZUUUAIMNE
Feavgy
N Ao dnnugiBemgy
AmunasiuuaRTiuilly el
+1 vneia wdlahgausediy
Toldmsannuiszyliate
0 vneda Wuwdlahyausaduiala
pssmIszyliass
-1 mneds wdlaingausediuliladn
Ignsamudiseyliage

InasInTsulanINRLNY ARvtiaNugenAdes

foousuladeadimdaus 0.50 Fuly

2.5 A5dauiisu (In-House Method based on
ISO 13820: 2014 fhegauiiisu ngandulesssuyadn
)

Tun1saeuiBUIASDmAdOUAI UG ILLTING
2umn Arsnseaeuiedamaniinourhnisasuiiioy
\PRBIVIAEDU

2.5.1 swRpuAuNSeLueE MLTRDs
LS B IMAAOUAUE UL INAIIUIIY

2.5.1.1 AS29EOUNYIUINAST FasTuns
udaussiaSeuiaueiy

2.5.1.2 fuasainsunnnelunsaeuiiisy
2.5.2 AI5H3BUAIUNSDUVDILAS DINAFDY
AUAULIINAIINIAIU
2.5.2.1 axdeuan iy wu asiadeu
ALEzRLarHuaze0s Lusy
2.5.2.2 a13d@ouseuulin
2.5.2.3 A5IAFRUANINYADTUAN
2.5.2.4 A31aURUNTAIAIUAN
2.5.2.5 A519@0UNSIINUYBINDLADST/
AN
2.5.2.6 ATIADUILUU safety
2.5.3 A19LAIIUAINUNSDNYBININTIALTINA
wioulvanwaduarynaunsaiing q 1eb3luesUjiinns
Tn&fuesomaaeumuiuLsInaanY unaneg
tow 2 alus Aewsilunisdeuiiieu @Lmi%i’ﬂ%ﬂw’]ﬁ%aﬂ
auazeIkasAsIUanUsn wiellidwasenisldu
2.5.4 @N1IENTADUMIEUDBINULINTIY
ISO 187:1990
gaunil (27 £ 1) esmwaldea LazALTY
fusmsseray (65 £ 2)
dlonut mssiunsiinaamdeudulua
Un@ H1ute 2.5.1 - 2.5.4 iefiunisaeuiisusaly ue
dranmznsaeuiisuliduluauninsgiuiwuaili
weANsaUisuseIUNIMoadeuaziian1ziluly
MNLATFIUNTRTIUNITHRUIEY
2.5.5 DAAS0MAAOUAIUEIULIINANUNIY
WlevinnsguLAios (warm up) Wunanegnaties 30 unii
2.5.6 91 pre load AINFIULIINAILAIULAY
‘LﬁﬁmmﬁmmmmiagaqmﬁuaqLLiaﬁ%’Ulﬁ (2,000 HA351)
2561 fndansiaussnandonlvan
wadihfueSemagay
2.5.6.2 USUnseuAIvedesasvagau
ugud
2.5.6.3 fUszuavnivasuluvieldgunsal
AUALLSIIUTBIUIULT VLT LA TaVAFDUALINAT IR
usenaiiAn 2,000 s faliidunanysyana 5-10 Sunil
2.5.6.4 ARNEAITNYUUTULTI88NITN
\Seamnday wmsémﬁwamémﬂuaué
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2.5.6.5 anflun1sniude 2.5.6.3 i

2.5.6.4 AUATU 3 T0U
2.5.7 @oULiBUIATDIMARBUANLAILLTINA

UMY

25.7.1 U3umssuaeaiedomnaeulsi
Jugug

2.5.7.2 THUsznannmaulundold
9UnTaiAIUALLIIMYUTDIUTUUTIVURILAT B9
naaeUILINATIAusINafiAT 487.7 dau awguil 7
gruAmazduiinanniomageulvaslunuuduiin
Uoyan1sauLiigy

2.5.7.3 Aa18AITUYUUTULTIBENAN
\Sesadey aumMssuAweaiealugud

2.5.7. 4 1 Hszuavnivdeulvvieldgunsal
MUANLSIYUTRIUSULSIULFIAS R YRR UILANMS I
usanedlen 974.7 T sruruazufinAeSsamadoy
Tasluwuuduiinteyanisaeuiiey

2.5.7.5 aa1en15nyuUIULIIBanaIN
\ASeAaBY IuNsELAeAI oA Tugud

2.5.7.6 MUszuavnivasulavieldgunsal
MUANLIMLUTesUIULsIULLe S amadoUaLINATTR
usanafiA 1,461.7 9y e1uduaztufindaios
nageulvaduwuutuiindeyanisaeuiiieu

2.5.7.7 Aa18AITUYUUTULTIBENN
\Sesadey aumMssuAesaiealugud

2.5.7 8 1fUszuavnivdeulvvieldgunsal
MUANLSIYUTRIUSULSIULF ISR YRR UILANMS I
WsInAiiAn 1,949 Tnfu sruruazTufinA A3 MAde
Tiasluwuuduiinteyanisaeuiiey

2.5.7.9 aa1en1snyuUIULIIBaNaIN
\P3emAaBY IuNsELAeAI oA TuguY

2.5.7.10 dulunININte 2.5.7.2 e
2.5.7.9 AUATU 8 F0U

2.5.7.11 thanfiduiinlubuuduiine
yesusiarsEAUAMAMIALAAE dudssuuInnIgIy
A ArAdliwineuveelunTinnin M3003 The

Expression of Uncertainty and Confidence in Mea-
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surement: Edition 4 October 2019 [9] WagAIU
annsalunsvingald (Precision) Inefinnsanniuaan
AusUsnslungu (Repeatability)was Aduduwys
5¥7319ngu (Reproducibility) 13 Range & Average
Method [10]

JUN 7 : msligunsalmvnuusivisvausuussuuiunsed
nAFOU

3. Wawaz3a15ad (Results and discussion)

3.1 namsa¥sgunsaifuuuTidIBRIUALUsinAse
\n3amAgBULsINAYRINTEAY uindudiusing q 4
dau fail

1) MIMIUANLIINA

2) fdeafunia

3) fuSupnuiaseuLaz A

4) fudaslil fsguil 8



MIHIHAMUIVINGG NIUIMBIANEATUING TN 10 Uil 10 Faman 2564) 121

VIAVLANILINNA AINDARTLLULN FUsuANNSIse L EIQLL?JZNM

LaTRANIg

az e e S

FUN 8 : gUnTliuUUUTvIgA IUANUTITINARBIATONNATUN TEATY

Tnenis 4 drwinunuiwiliussavsnmussgunsaldudisil

1) Tusuausiseu 0 - 5 59U/U¥l (Hulumuiioanuuul’)
2) AN TVYL AUANUNRNT Mudinning (ulumuioonuuuld)
3) nalunsldanu 111N 240 W annnimandilidaeuiiiousse)
8) t&slwilyle 220 V wiaadu 12 v (Hulumuiioanuuul’)

Yofvagunsaitiemunuussing
1. aNI5aIUALLSTInAENSAIUALSATIM I ULasman sy (Muduuagmuduuning) 1¢
2. \pAeUisheY Guide way linear lsiliusafiign fanuiieswnss smgudnaandesionaasy
3. fifhdeadumisgunsaliasamunuussiinafuiaiemeaeulneideuswnissossuruafiuandaiy
Tnsuansnisinsadosilunisasuiiougunsaifunuuiitsamunuussiinadrfuiedomaaeunszany
wazinasInusanemienlvanwad fagud o

2
o s

UM 9 : n13AnAIgUNsalAuLUUTYIgRIUANLTITINANIAUA T0IAaOUN YA 1Y

3
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3.2 uamaassldaunsalaauiisulaedideuaznagaudseansnin

3.2.1 AUSI9INNISADUT BT DMAAB UANHFLLSINAMWIULUUNAIINULANENS Tavian 5 Ledadlng
vihnsaeuiiulugiamsléan 0 §2u-2,000 Ty Sudusesey (X) 4 30 ldud 487.7, 974.7, 1,461.7 uay
1949.0 fsfu Wisuisuszwiensaeufisulnfuazmsaeuiieulngligunsalfuuuuiiasstunansua neaaou
Feuldduredeannista 8 ad saufurnralilutusureneveanis¥n (Expanded Uncertainty) (X = U) T
aonAdpsfuAszyluLNmIgI SO 13820 Accuracy within +1% fauandlugnsteil 1

M1599 1 HANITFOULTBUAUTITEYTNNIsaaUTIEUUndAnunsseuliisulagldaunsalduuy

ATITEY | AN1IENNTTNNTN | AMUSAATEY A | ATUTALATES B | ATWTAATEY C | ATWTALATEY D | AUSIATaS E

X £U) douiiigy (X + U) (X +U) (X + U) (X +U) (X + U)
(Waaw) (ffiu) (@) (i) (@) (Tadi)
Unfi(Ussuanyy) | 488 £ 1.7 490 + 2.2 487 £ 1.5 488 + 1.6 488 + 1.5
487.7 + 0.73
Tdgunsalduuuy | 488 = 1.2 488 + 1.6 488 + 1.1 488 + 1.0 488 + 1.0
UnfUszuamy) | 975 + 2.8 981 £ 3.0 974 + 2.1 978 2.3 978 £ 2.5
974.7 £ 1.37
Tfgunsaldiuiuy | 975 £ 2.0 978 + 2.2 975+ 1.5 976 + 1.7 976 + 2.0

Uﬂﬁ(ﬂsmmmu) 1,465 + 3.5 1,471 + 3.7 1,461 + 3.1 1,468 + 3.2 1,467 £ 3.1

1,461.7 + 1.90
IWgunsalfiuuuy | 1,463 +29 | 1,868 +31 | 1462+26 | 1,866+26 | 1,464+26

ﬂﬂa(ﬂsmmgu) 1,954+ 4.7 1,965 + 4.8 1,948 + 4.4 1,958 + 4.4 1,955 + 4.4

1,949.0 = 2.74
Idgunsalsuwuy | 1,950+ 4.1 | 1,959 +43 | 1948+38 | 1952+37 | 195039

i <& 1 oA = = i a a a 9] v A v
INAITNN 1 LLRUN LllaLﬂﬁEJULV]SUﬁgMTNﬂ']iﬁE]UW]EJUUﬂWLLa%ﬂqiﬁa‘UW]EJUI@EJIGUQﬂﬂﬁfUWULLUUwaTN

4

UUAI YNIAATLIITEURALNNLATEY ATREEIINNMTABUTIEUNENAT UnSalful uuindruse s usnnBuuana

L 2D

feruuugfiiiutu audoyadsd Ausssyy 487.7 Suu Anedednlndeussssyands 2 Tt Amdu 0.41%
ALTITEY 974.7 Ty ﬂ'ﬁLa?ﬁJL%'ﬁslﬂé'ﬁmmﬁxqmﬂﬁq 3 T Anndu 0.31% Ausssey 1,461.7 fasiu ALaauEn
Tndruseseyunt 4 fadu Andiu 0.27% Auseszy 1,949.0 o Aededilndrussseyunnda 6 Ty Andu
0.31% atadaliuiusuresnistannnsasuifisumenddldgunsalfuuuuiimanamnausissy wan
wisomaanu anadlurag 10.4%-37.5% ilesnngunsaifunuuiiadstuaansnnuauuss Anuseun L UL
Aaadesvesmsasuiisulaininmsviheulaegldnueds
3.2.2 Aneuanansolumsvinelduienanilesnss (Precision) dwsigluil

annizmavhauaeuisuUnAUssianau) Annuduslsnelungusiu (Repeatability) 13.68
1du ANURuWUTIENIeNGY (Reproducibility) 9.25 T

anmenmsinuaeuiieuldaunsaliuwuu AenuduUsn1elungusiu (Repeatability) 11.06
1 AuRUWUIIENINaNgu (Reproducibility) 4.75 a6y

dlewUSeuileu Repeatability waz Reproducibility YaamMTinnnisaeuiisunevadltaunsal
FuLUURTY 19% way 48% ndy

http://bas.dss.go.th



MIHIHAMUIVINGG NIUIMBIANEATUING TN 10 Uil 10 Faman 2564) 123

3.3 walSeuiisuszeza g lun1saaufig UL MAFaUAUATULIINAILIIU
Weldgunsalsunuuiumsasuiiieuund Nvun 5 e tngldunindunataeslumheui ansy
AUADUIBUYNATZULINIUTIAEATINY AagUT 10

200 1184
180 -
160 -
140 -

179

140 = -
131 B nzaaunenlng

120 -

100 -
80 -
60 -
40 -
20 -

B nzgauiiaulaald

AT (W)

.
AunsniFuuy

4
; ; ; ; ; (PiFRatle)
ATad A Azaq B wazaq C wias D e E

FUM 10 : waveuaalslunsnisaeuiigusyninnisaeuiieuundnunsaeuiguleeldgunsalduuuy

91n3UT 10 wudh msasuiisuwuuUnAltnanaeuisuegivag 128 unit -184 wnit waznsasulieulng
THgunsaisunuuldnanaeuiiisusgivas 10111l -140 urit Danamaseglugie 27 widi- 45 wiit Amdunisanas
nnidslagiede 20%-25% iesannsasuiiisunuuuni Gldnusududesmuqumnueiiosausisey uazses
Ususziumsenuesdilinaum Ussneufuianumilosdnazauanmsuunanessiuddinannuniiligunsal
AULUY

3.4 Namiﬂimﬁuqmmwmaqqﬂniniél'ul,l,wﬁqi'mﬂ'mﬂmm

msUsslivaussauzvosasamuite 2 su leud funiseenuuukazadanses wazsunsldou Ty
fimsimsevissd

3.4.1 wamnuAniudiorvglusunisesnuuuuarairaiaios Tnsuvsssiiudude s 4 e
fagudt 11

£ o o ' 5
wawmafinaswasanisldau

|

0.75
AuLituserasdas lunseanuuy

AT UATDITAIHMHNZ AN

= P = <
mmmm:ﬂu‘lums‘l.mn'l.’ﬁm&lﬂiw AT

| |

o

0.2 0.4 0.6 0.8 1 Az

FU 11 : wapuAnuiugidesnigludunseenuuuuasasivgunsalduuuy
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93U 11 wansbiiiud fldeamnglenudaiuludiuniseenwuuiarnisadne deil gunsalfiuluy

wowesTimauieamedenisidnu ldanusiseunudiseinsld futinuldusdunisaeuiisutosas sl
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