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Development of oil sorbent from pineapple leaf fibers
using succinic anhydride modification in ionic liquid

T3 ARLWinA", 8761 gauduns’
Watcharee Katinonkul", Orasa Onjun’
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SL‘]_IQ‘LI‘H"’?@'V]N’]uﬂﬁi@ﬂLLﬂTﬂ@m%ﬂN 120°C \iluszeizinan 120 Wil dhmdauszudwdadiinueulalnsdseisaglaawiriu
6 e 1 ‘memﬂgmmwmmmmm@mm 6 ‘Emﬂmuun LL@‘VLmm@m\ﬂummwmwmﬂgmmmummLLmLﬂm”w
AN 15 Falae 3§ ummmmumuwmmummm 29.2 nfunhsiusteniudulaludulzen Iummm ulelududesanlsl
mummmLLﬂiummmmumuum@@uw 11.3 nfutnsfusiansudiuleludulyan uaﬂmnumimmm‘vummmwmv
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Abstract

Pineapple leaf fiber (PALF)was a natural fiber source for development of oil sorbent using succinic anhydride
modification in ionic liquid in order to modify the hydrophilic hydroxyl group in cellulose structure by replacing with
hydrophobic functional group via acetylation reaction. The ionic liquid in this study was 1-butyl-3-methylimidazolium
chloride was used as ionic liquid. The effects of reaction time, temperature, molar ratio of succinic anhydride to
cellulose, and N-bromosuccinimide (NBS) as a catalyst were studied. It was found that the optimal reaction condition
at reaction time 120 min, temperature 120 °C, a ratio of succinic anhydride and cellulose 6:1 (m:m), 6% NBS and
soaking in media after completed reaction for 15 hours, providing the maximum oil absorption capacity at 29.2 g/g
while the untreated PALF had oil absorption capacity at 11.3 g/g.The characterization analysis of the modified PALF
was performed using fourier transform infrared spectro- meter (FT-IR), thermogravimetric analysis (TGA), x-ray
diffractometer (XRD), and scanning electron microscopy (SEM).

o

Adrany: Jangeduting dulelududzen Uisenesuiiady veumadleastin
Keywords: Oil sorbent, Pineapple leaf fiber, Acetylation reaction, lonic liquid
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mmmmmmfammmmmﬂm Flaid

o

nsgadutindi = Ghuidndanee umwmmmmu—muumm AgL Gmﬁu):ﬁwﬁﬂﬂﬁﬁu ()

mwum@@@munmu dwrindangady (nfu)

25 ﬁnmﬂmanumvmmfaﬂﬂmmumuumﬂﬂuauﬂ“iﬂmﬂmﬂuﬂma 9

FT- |R’Lmﬂﬂmmﬁmmu‘ummuslﬁslmuﬂvmLtﬁ'ﬂ‘ummmvmwﬂ@mmmqwmmmLLﬂJi‘lumfmmm”Lﬂ@@uﬂmmﬁm
Finuweulalase LW@ﬂuﬁumaLmuwuﬂamarﬂfnmmwuﬁxmmwnmsmﬁnuﬂLL'auiaimmmwmmmmLLﬂiwummm
vilelutag 400-4000 cm” AaAdnaziaEn 4 cm” (FT-IR Bruker, vertex 70) nallaanaisdaunandu (X-ray
diffraction, XRD) ifﬁﬂmﬂ’]cﬂm\‘im"]\iN@ﬂ‘ll’ﬂ\imuslf;lL%@@IZ\\@I%%NNNH’]?L@&IQLUN (2theta, 20) 5-60 84A1 (X-ray
diffractometer Bruker, D8 Advance) fsmm‘vumiLﬂ@ﬂuLLﬂmumuﬂmmmu‘l,ﬁsl,umuﬂvmimmmmmmmuummqmm
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3. NALAEIAN5D! (Results and discussion)
3.1 antiAnmanwuazasAlsznaunaLAll
annnunnnay ui waglas afuey lalasiau lulnsian wavesndiaureadulaluduilzsanaunazniauds
Anudls uanalumane 1

AT 1 antRnenanniazasslsznauntaafizeadulaludulesaiaunaznnandasnuds

g18msg mauanuwils URIAALLS FEnasau

mm%u, faeay 6.3 6.0 ASTM D3173-17a
i, Fauaz 2.1 2.1 ASTM D3174-12
LMQIM’ favaz 68.5 63.7 NREL Determination of structural carbohydrates and
anilu, Sesaz 6.2 4.8 lignin in biomass
wlaaglag, fouay 254 315 AUIUAN 100-Lmaglas-Aniiu
ANSUaU (C), Saany 41.8 445

ASTM D5373-16
lalasiau (H), Fasay 6.7 6.1
aandau (0), 5asay 49.3 47.0 ASTM D3179-02e1
lulnaiau (N), feany 0.44 0.37 ASTM D3176-09
atomic ratio (O/C) 1.18 1.06 -
atomic ratio (H/C) 0.16 0.14 -
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3.2 amfa.,,vn"bmmLLﬂiLauTﬂiuauﬂvsmiummmm"l,'a'a'aun‘ima’lmsmsnunl,mu'la"l,msmLnavauummsmmu
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Qs

1IN

mmwuﬂﬂmmmmLuJiLmuiﬂ‘Lumuﬂvammqaﬂgﬂim@ Lﬁnwmuwammu 90, 100, 110, 120 °C uazldsve
wanlun1siUgngen 60 waz 120 win Imﬂmmmﬂqwmwmu AD ﬂ?mmmulﬂu [Bmim]Cl Nrasay 5 dnsdauda
Fhnwaunlalassmedulefa 6 e 1 LL@"’I?][?‘]QLN‘]J{]H?E’] NBS #5084z 6 Imﬂ@mmmuumammnLfaﬂm@mm@wm

AnEunnauntih [18-19] L@%Iﬂih@ﬂﬂ”?ﬂﬂmquﬂﬂiﬂﬂLLﬂﬁ‘LL@Qu’]bLﬂV]ﬁ@’BUﬂ']’]ﬁJﬁ’]&l’]?ﬂﬂ’]ﬁ‘ﬁﬁsﬁ‘]_luqﬂuﬁﬂll‘ﬂ'ﬂ 2. 4I®EI

A9 2 uamsan1aildlunsdaudsdulalududsauarasiBnisgaduiinguy

Anneiild
o msﬂmumuu
AaB8Ng
- . (nsumuu/nsumu’lﬂ”l,uﬂuﬂ“m)
amuuna (°C) A ()
Tismuds - - 11.34%1.35
1 90 60 13.21+1.68
2 90 120 13.84+1.87
3 100 60 16.07+1.43
4 100 120 17.45%£2.03
5 110 60 18.31%£1.18
6 110 120 20.64+2.42
7 120 60 25.64+2 .42
8 120 120 27.01£1.39
9 130 60 -
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3.3 ananszradanaaduiNwduleluduilzsn
3.3.1 mifammywuﬁmmumamﬂuﬂ FT-IR
mu’[mlmuﬂxmmmummmLLﬂiLmemmmifmmum?Lmummwiammﬂﬁmiu‘tmqmwmm‘lﬁm
mﬂmmLmﬁmmnuuﬁmwimhmmuﬂ FT-IR 3L mwamﬂnmu‘luiﬂw 5 nudnduladulzeanandenasauls
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3 o8 I
= |
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5 4 M -
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m i i i L i i i i 1 L L i i L i L L i 1 i i i i 1 i i i i 'l i i i i
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3.3.2 antAnAnNFauAlemALlaA TGA
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4, ﬂ‘;ﬂ (Conclusion)
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and study antioxidant activities of the hydrolysates
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T13RnLE3%u (Sericins) m@‘iﬂimumqiwLﬂuiﬂimuwim@’mmu‘lﬁﬁu@wu@ﬂw (Bombyx mori) ) Li5uANaLlantNg
mniummmﬂmﬂaﬂmumumsmzwmqLL@mﬁiLme mmwummﬂummLW@ﬂﬂmm‘ymum@mmiﬂmumq
VLummNVLummLwaﬂwa‘lmﬂiy‘lﬁmﬂum@mmwmmmmq ‘Emmmummﬂmq'ﬁmmﬂmmeﬂ??mmmuimﬂmu
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afnlusfunieluamdsnistieafeenladumaseuninuainisnlunissinueyyadasefaeis DPPH assay WUd1A91H
dindumeseulmlustiauiildlunistesiuase mqﬁmmmialunﬁimu@umramwummmnmm‘lﬁﬂmumﬂw Ngzdu
anudinduresieulsifanas 5 lumma‘muﬂum'amvmmmm IC50 WinfiL 7.20+0.10 Ha@nusialadans aaaen
‘Lfm,faui‘ﬁﬂ‘[muL@u‘wmmmeumﬂmrﬂumm@ﬂfmmnm‘llﬂimumqiuwimmnﬂi”mummnm 333 16un 1) nnsanm
pneningu sanAunslviannaFaunazaNiu 2) Mesinsisaisazaraaammninmes pH 7.0 sauiunislianuiau
LATANAL LT 3) nsafagasansazanelnaenlalnsananiemmviainiaaaiesay 0.2 saufunislianuiay
ANt 1Nansai ARl EunAnEnauTiRang 7 Mun Bnnnuldsiu aunsluanazesidsiiu uazaauaiuisalunissiu
DUNABATE Wumﬂ?mmiﬂimu“lumimmmmumimmmﬂL@uisnmumm’mu 13.00%0.64, 12.300.50, 1Laz 13.20£0.95
FaanTW/ANRANT ANA1AU TuL@ﬂmmiﬂmummumm@ﬂmgL'au”l,sﬁummm&mwmuﬂ Sodium Dodecy! Sulfate
Polyacrylamide Gel Electrophoresis TaelldszuL Tricine (Tricine-SDS-PAGE) W‘mmm‘mm@ﬂmﬂﬂimuﬂumuﬂ”ﬁ
dat wazanranallsauniluwmdinistiessanieulsiiausunmnlunisfeyyadaszgandnllsiunialuuren
nstlaasaiauladatafltddynads asagdlddinsldieulailusiiauaunsoindsc@nsninnissinuanya
faszresansanalilsmuniqlunls
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Abstract

Sericins, the glue-like proteins obtained from silk threads of Bombyx mori, have received many attentions in
cosmetic and biomedical applications. This research aimed to study extraction process of sericins from white silk
cocoon. Firstly, silk cocoon were cleaned, dried, and extracted with distilled water in an autoclave. The silk extract
was digested with bromelain in 5 different levels at 1, 2, 3, 4 and 5%. After digestion, the extracts were tested for
antioxidant activities by DPPH assay. It was found that the protein hydrolysate with 5% bromelain gave the highest
antioxidant activities against DPPH assay with IC50 value of 7.20+0.10 mg/ml. Therefore, the bromelain concentration
at 5% was chosen to digest silk extracts obtained from the 3 extraction methods, 1) extraction with distilled water in
an autoclave, 2) extraction with phosphate buffer solution pH 7.0 in an autoclave and 3) extraction with 0.2% sodium
hydrogen carbonate (NaHCO,) or baking soda solution and heating. Then the extracts were further digested with
5% bromelain in appropriate condition. The protein hydrolysates were collected, and the protein contents, molecular
size, and antioxidant activities were measured. It was found that the protein hydrolysates had protein content of
13.00 = 0.64, 12.32 + 0.50 and 13.20 + 0.95 mg/ml, respectively. Molecular size analysis using Tricine system of
Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (Tricine SDS-PAGE) showed that the sizes of protein
hydrolysates were smaller than that of the undigested. The antioxidants activities by DPPH assay revealed that
protein hydrolysates showed significantly higher antioxidant activities than that of proteins before enzymatic digestion.
It can be concluded that bromelain can enhance the antioxidant efficiency of the silk sericin extract.

22 BULLETIN OF APPLIED SCIENCES VOL. 9 NO. 9 AUGUST 2020



1. UNU (Introduction)

5alu (Silk cocoon) Aad1eannuelisl (Bombyx mori)
senaumaelilsfiu 2 afin Taun TdsAulnlusdu (Fibroin)
visallsRudule Nuszunnifesas 70-75 warldsAutdd
(Sericin) vizaldsAuntalun duszannidenas 25-30 T
nalunsinuinfirdneana (Glue-like protein) nllsf
Lz%iu’l,ﬁ”M‘Em@u”Luﬂﬁmﬂnu‘v]ﬂmﬂ alAseTailusalun foe
mmummLﬂummm@miﬂimumqvl,um@ﬂﬂfaumvmumi
gl Fanunsnaailudu v ldAareamiend
nsruaunsnentuw sesnAsauladnenaniiFivasilamu
mcﬂmmLmeqmaﬂivmm"lmwm’mwuum’mmma@
mmﬂfammunﬁuiuu LazaANANIENLsaAIuIndan

Tﬂ@mumqi‘mmmﬂu‘iﬂmwmum (Hydrophilic) VEG
Gandndulnalallsfufianunsoazanaldluindem [1]
Usznausensneziliudiuiu 18 1iln Immﬂunm@zﬁigﬁ
49 (Polar amino acid) ¥1nnanfaaay 70 aevinligaduiin
165 Tnedinsnaziluieiu (Serine) luasAlsznaundn
tefaear 30-33 Auflununvesdawtitu TsAunialuad
antinlnawiudlunieluntsindi mm?ﬁumuawﬁq
161 mLﬂummfmmmqmmﬂmmm u@ﬂmﬂummmm
FUBUYABATY T8TLABAINNTIN uqmmummaumﬂ
uactlasiuied Uv 18 nee waumsainllsiuiivangiau
fudmgszaspnislden LLmquﬂﬁIﬂmumumuﬂ
Tuianasinani mmnmmmmummﬁmmumﬂumm
FouuarnmNAUNgUUYE 120 asAnsaies uiaan
60 U7 VLﬁIﬂamumq"meu’muﬂTmmrm 35-150 kDa
IummvwmﬂmmmwmmﬁLmumﬁmLumwmmmmu
faeay 0.5 Aupianiungl 30 Wi Miﬂimumqiuwu
muuﬂiumﬂ@ 15-75kDa mﬂmﬂmummmmm (Sonicate)
saufumsdela Idssaninammsar m‘tﬂmumqim
daandnsldarsazanasing [2],[3] wenannil @WEIWWﬂWLI
Asneiuazllysiufiddout sznausnafiunazdiiun
Tuanasinariugog

AINNNIAINURLNILALAUA OTOP 489NTNINBNAN RS

13013 wudndgisznauntg wandneiiezesdransingig
fosnaiinyarnanie Tnelinanansainllsaiulug
saeRansanun oy viu nnrainialundaaisazane
AT wazihFnadlundniuet a1adenaliiiianig
duileuanlanzwin uazetainAuszAEAeINeg
m‘lmnm Vlvinanneilaiiunmsiuinsgulsd Tasanis
q@ﬂummmﬂ?vmm nestnumMsarel s isluaiivily
dnel VLéﬁﬂarmuwmmmwm TngAnsnszuaunisainuas
mfm@ﬂmﬂL@uibnm"iua?mmum@m@ﬂ‘luﬂ@miﬂﬁmma el
"l,mmﬂumfawqﬂummﬂmTﬂamumaiuuigﬁiu‘lmmamu

uRassadndan Hraulasasis sauisinanisiiga

qnanissnuenyadasy il iRnag Wetnldldluntg
foatanlun1snanNannaTATId 119 d AN 16
NMIgIU uararnsnaenenmalulag iunigisznaunis
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2. 28mMs5248 (Experimental methods)
2.1 AmnBaunaaulsifimanzansamsdanlisiiu
malun
2.1.1 analdsfiunialvsnaseeasieiaulaflusi
AU 5 srAUANNLd LY
L@fammnmmmmlmﬂm 1auA 5elundang
VRTRRHGELRIES PN senidulouazdsantlsnenan adas
vhazann anliiu wiuldgewanadn unsadaldialuy
ludnaFaens 6 Tmﬂu’muﬂ Imﬂmu’mumﬂw sineing
WfuTwan Farindu miﬂumqmﬂummmu 121
psrnaBeailungn 15 Wi hansataldsiunialm
wiivlduamngLlany 19naz 100 Hadans azansieulailud
WAL (Sigma, US.) A28NNaY LaZlANAS I UIIndNTan e
TsAunlvalilianududuienss 1, 2, 3, 4 uaz 5 1o
Wwin Lﬂuvl,enum'amﬁum\ﬂm miﬂum@mmu 37 B9A1
\aldea \t1fiAmFIzeL 100 saURRUY L‘]J“L;LL'J@’] 18
falua nganisinueseulmiaeiliudlugwihasunu
gRunEN 90 avAnsadaiuea 10 w9l wiuaisain
TdsAuntnluundanisdessaeienlaifenstiuwnesnn
pznaw idulalinaaeuarnainnsalunisfinuayys
B472A2eRS DPPH assay
2.1.2 nageuANaImNInlunsinleyyadas:
gasansarinlsaunluides daeenlmusiiau 5 sef
Arnidudy WRsunsuiuatsunsgudniuTLazans
NIRFIUIRNHUD
NAFDUANNAINIIDIUNNIA U UYABATE
1998191 IATIIU TALNITATENANTRYYABATT DPPH
(1,1-diphenyl-2-picryhydrazyl) Iuﬁqv‘immgﬁ absolute
ethanol 1A uidndu 0.3 Radluans antiuwTenans
Arueyyadaszldun a1snnsg uinniud (L-ascorbic
acid) UATANININTFIAMEUE (Trolox) LRBANFIEUINAY
anasnazAsain i lAsesumnudindu 1, 0.5,0.25, 0.125,
0.0625, 0.03125, 0.01 5@25, 0.0078125, way 0.00390625
HadnFusaNadans ANt thasaa e nmI§ILNIRea
LL@’JN’W]’]‘]J{]ﬂﬁ‘EI’m‘]_I@"Iﬁ‘@“’N’W;I DPPH uazinAn1sganaw
WAIARNNENIAAU 517 WATULNAT AeLATEY UV-VIS
microplate spectrophotometer NNNIMARaLIFaLNAY 3
ATY AINTU ATUIIAINAINNTD TUNN A TUaUYABATE
(% Inhibition) AYANNT
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ANIHAINNTNLUNITFUBUYARATE (% Inhibition) =
[(A-B)-(C-D) / (A-B)] x 100

e A vNneDe AMNNIAANALLAITEY Control (DPPH +
BN1U4)

B nunelle AIN19AANARUAITES Blank control
(\en1uea)

C MuNETY AINIIRANAUKAITDY Test sample
(Fa8g19 + DPPH)

D WNNaDY AINNIAANAULAITDY Blank sample
(FaeNg + LaNI1UA)

AN % Inhibition AzgeluaNANENTII9ETs 11
mwiéﬂﬂwmmnmﬂumwmmmmmmm?mmﬁm
WAz %Inhibition WaANKIMNAMNITNTULRIATARAT
M iAnnIssueyadastiaaas 50 (IC50)

wmmumwmmmlummwu@um@@m”mmma
afelilsiunsuafdasdsiaulalusfiau 7 5 sy
avydndu Tnantsthansadialsiunialun wnideans
Aenindulnsanasiazezamin Wildszduninaeans 1,
0.5,0.25, 0.125, 0.0625 LAz 0.03125 111 ANt e
afpfiReaneuds uwinUjiseniuansazate DPPH il
TPANNIAANAULAS INN1TNARE UYL NAL 3 AT Iagld
?fﬁﬁ'wLﬁumilﬁwﬁmﬁumammm@ummxmﬂmmgm
ANUINIMIAN 1C50 WRHLWELAT IC50 WazARRanAIN
dudureseulsflusiiiauilarsainndaanainsaly
nsfnuayyasasyangaiveldluntmasasansusialil

2.2 Anwnszulsumsanaldsiumalua

Arranialundang uazthandunszuaunisaia 3
33 fati 3371 1 mmmﬂmﬂ@ummumﬂmmqmauum
ANNNAY ATUNNTITUABadude 2.1 A5 2 afaRay
anrazananaamninmas pH 7.0 saufunislianuiau

wazANNAU TnsnaFseNansazans RN nagm me s

pH 7.0 A n@nsazay 0.05M tawwda Tonaunaamnm
(Na,HPO ) waz 0.05 M Tuluwuda Tndaunaams (NaH,
PO,) ANaida183 Gomori 1995 [4] uazldansazanelniae
WMLWMUWLWaﬂummnmIﬂimumqiuuLmumﬂ“nmﬂ@u
Tnellfannuitwaeniude 2.1.135% 3 aAndnaarsazae
Tapenlalasiauanfuaiun (NaHCO,) wialunislann
(Baking soda) Faufiunsliiannadau laaniswsenansas
aennalsaniasas 0.2 ldasluiinines Fadmiinselum
Tdnsluansazans IanuteuauGuiden IHuviAanaly
Flvmanwareufluszas anpauFeuas wazsusteuna
10 wit wanfelundauilaiazareeen Wuansadndaula
nlaudaArANlunInfig (A1 pH) uaziilidesdos
wulnflusiiiau iWasanienlaslusiivu ddasAnisioau
Tu pH Mmnzan f3deasdnan pH sasansaninlilsiunin
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T feutiaauazvidatisdnaavlmliie 1l E s Ananm
NNselaYTBLAAYAD MUY
2.3 daggrsanaldsaumalunmaiaulasilusiiau
LAazMIANEANUAURIRITHNA
mLuunqimmmmnmiﬂmumqiuwimmn
mumumimmm 3 Qﬁimﬂm@ﬂsﬁﬂmumuwmmlfuu
HFeeaz 5 T@mumuﬂL@u"Leﬂmﬂymumqum Imeildannay
AMstlasduAeafude 2.1 annili Lﬁummﬁmiﬂ@ﬁumg
Tunndaniseesdaeuladll@nmantifeesansaia fail
2.3.1 Jasunoulnlsfiusaens Lowry
weaneldsAunmsgiululoidiudayiiu
(Bovine Serum Albumin; BSA) M laAanuiduduszmsng
1-1,500 TulmsnF/diadans nanarsazanallsiunnsgy
ﬁ’umm:mﬂuﬁﬂmmau Moqiﬁed Lowry Protein Assay
(Thermo scientific, USA) muiiszylugile irliinAnig
AANAULAITIANNENIARY 750 WTUINATAIEILATEY UV-VIS
Spectrophotometer Iagivinnsmagausiadeay 3 A1 1
AnTzganauLaslillairansmuinsgiuszudneanny
duduansazarslisfuninsgiuuazainisganauiag
wirangnranallsiun1alunireanssatinnau 1lasesu
N191ABA 1, 0.5, 0.25, 0.125, 0.0625 Wwa 0.03125 i1
tuinliseniugeanasen wazniAipNdndues
TsfunainlfFauiauiunsvuinsgiu
232 fmm”ummn‘iuL@ﬂmmiﬂﬁmummwm
SDS-PAGE
Anmzsinaldsiiunidluuneunistesuas
naannseiearmeieulsdlusiiau fematia sodium dodecyl
sulfate polyacrylamide gel electrophoresi§ (SDS-PAGE)
Taeldszun Tricine Taassansnatenudunaunszyls
Tuaile uazld 16% Tricine gel precast gel Tun9atAseit
punlisiu tneieuiultsAusnmsg1u (Spectra Multicolor
Low Range Protein Ladder, Thermo Fisher Scientific) 1%
AMNANNANE 100 Taasniulaa Wwaan 1 dalus tiaa
aananfiandludansazana Coomassie brilliant blue R250
WATAIRAMEANTAZANY 10% acetic acid Tu 50% methanol
auiunousiy dradaeminngi wBenden omiinty 1ana
AuldsAunnsgn
2.3.3 neaauANaN1snlunsfue Yy aBasy
$ia8i35 DPPH assay
AniluNNIMAgaLANA NI lUANTAY
ayyadaszaasasanallsiunialunilédainnszuaunig
afinvis 3 Aneuntsdesuazudsnistiasfaeiaulsailusi
W iuheaiude 2.1.2 vinnmegeusnatieay 3 AR
thAinaganaunaildliafensunmnsgiusenineniny
dinduaesansainlilsfunalunuazAnisganauue e
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ANINIAYINAINID TUNIENUEULABATE (% Inhibition) wazATwIMIAIANdNdUBIAsai NN THRANY9F
auyasasz 50% (IC50) innsainziideyaninuaiunsnluniasiuayyaddszaaeg ANOVA Lag Duncan's Multiple
Range Test (DMRT) IaafipauuansatnaiiisdAnyncauninuimaduiasas 95 (p < 0.05)

3. NAWATIANTDE (Results and discussion)
3.1 AnmBunanaulasiusnzansamsdaaldsfiumalus
3.1.1 afnlusAunlunuazsesdaeulslusiiou 5 szauanududu
wulgslusiiau (Bromelain) L‘flumu”lfnmummmmm‘luﬂqa‘mﬂgmmmimﬂ (Hydrolysis) Tuiana
1098130521195 afnannansuesdulyan (Ananas comosus) TdluigluredusaiiasTa (Bromeliaceae ) 1l
vinluianadlsznnd 30,000 aasiu teulasifananainnanyinauldlugag pH 6.8-9.0 uazTaegnMRAaLs 30 14 80
B9ANTALTE A LL[ﬂﬂ')’]ﬁJﬂ\iﬁl'ﬂJ'ﬂ\‘iL@uVL“ﬁNﬂ“’@m@\iLN@@M‘W‘IN@QHQW 50 aANLTAIEA  LazazgninafasaAnFaunil
rUNNRFININ 70 9AIATA 5-6 stmqu,inimnmmﬂfaﬂiﬂimumqiuufa@nmmaiwmﬂmmmwLfauismﬂmm
oy wumL@uisnudlmaﬂmmﬂ@ﬂiﬂmumqiwim Lu@\‘mn‘E'ﬂimumsﬁuwwmqimmmwLLNLLN Taidleantn wazlyl
aranelurnidu atnlafimy Tsudsnanazgnlalaslad m‘lﬁ‘lﬁuL@naiﬂa‘mmmnm@@nié‘luma@u [7] ADLERAEA
”Lmﬂimﬁmmnm‘l}ﬂimumaiuu‘tmﬂmmn@umunumi‘lumqm@mmvmwmu el dansanalusiiunnlaudria
vhangessadasieulmlusliaufinoududu 5 sedu wazthaisadalusauninluunieunistiesazudsnistiosdos
eulasflunnssinuenyadaseiaens DPPH assay
3.1.2 mzmumwmmm‘Luﬂwammfaumamvmmmmnmiﬂimumfﬂuummmwmuvl,sm“ﬁmw,@u 5 9ZAL
AN gL u_l'?éﬂummuﬂuma‘mmﬁﬁmmuuﬁmmvmimmmmmuu@
mma“wmﬂummmmm’luﬂﬁa‘mu@um@mmmmsmmiﬂa‘mumfﬂﬁmmmmﬂu’m@um@ﬂmﬂ
Lfauvlﬁnu“llmuL@u‘wmmmmummmuhm@mv 1-5 #neAd DPPH assay Wuin fiszdupnnududureaeulailusiiau
¥paaz 5 ”Lummnm‘lﬁﬂimumﬂwwmmmuwmiummmwmmummm A1 1C50 Winfil 7.20+0.10 Ha@niay/
Hadans uazsesasuszAuaududuienas 4 41 1C50 agjszndng 10.26-11.35 fnansufiaaans luanidians
zmmiﬂ@mumfﬂuwiumummaﬂmﬂL@uienu“iuiuL@‘Lﬂ‘mmmimu@um'ﬂm”mmﬂ TddnunrnsinNnAUaAN 1C50
161 m@ﬂwmLmﬂvummamwummmﬂm‘iﬂmumﬂmwﬂ@ﬂmaL@u’lx’nm@m” 5 dANaINNIn luNNIFUe YAy
LmeqamwuﬂmmumeﬂunummnmiﬂmumﬁﬂmmﬂmﬂL@uvlfﬁm@ﬂmv 1-4 7 P<0.05 Fauandlumsed 1
2elEdenemududuresedlnusfinufissiuaududidenas 5 lunmeaaseld

'
=

A97 1 AnHaNnsnlunissinueyadasy (A1 1C50) aesansannlisfunialuniainfeinnaundeasaaeulslusfiaunaoududu
gaaeulaiFesay 1-5

AnaTnTurasasainivinliiRamesuayyadaszsataz 50 IC50
AN NTuraauld i lusiiay (RAANSN/ANAANS)
(Sasazrasituiinaulddnatinmingslug)
AFIN 1 ATIN 2 ATIN 3 ALRRE

Ascorbic acid 0.0155 0.0154 0.0153 0.0154+0.0001
Trolox 0.0170 0.0175 0.0171 0.0172+0.0003

5 7.15 7.31 7.14 7.20 +0.10°

4 11.07 11.31 9.79 10.72 + 0.82°°

3 10.37 10.14 10.27 10.26 £ 0.11°

2 11.52 11.06 11.40 11.3320.24°
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1 11.93 11.07 11.04 11.35+0.51°

0 (AR19armnaunstiassnaulmilustian) ND ND ND ND

WA ND maeia Hpainainnsalunissinueyyadassanunn TdaimisoAmee IC50 TdFawmaniénss a, b, uay ¢ Anduseil
RAATNANLANFNaTUaenaTlTad1 Aryneadia (P<0.05)

3.2 Annszurumsannllsiumalua

asaralusiunolnuildannszaunisaindaeinngy LL@‘”V]@ﬂﬂ@’ﬁ‘@"’@’mW’ﬂ&LW&]UWLW@? pH 7.0 faunu
nslfimnafaunazaniu dnsasiureavaidan LL@WLﬂmL‘]J‘L&L@@V]VLN@“@’W_IH’]LN@LEI‘L!WJ@\? Taf pH 1898176110
1HWinAL 6.71 LAY 6.52 ANAIAL Iwnmvwmamnm‘tﬂamumﬂuumnmmﬂmmwmﬁ 0.2% Lunm‘tsﬁm Hanwounilu
189mad117 uazliifluaa daAn pH 1A 9.40 Tesenadesiun1sAnmEzed Kweon UATANLY (2000) NINENIUIIANL
mmm‘lumm”mmmiﬂmummu%@mmLmimqmwiuLzmaiﬂimul,ﬂ@ﬂwmimqmw"mL@Wﬁ 2131244 (Random
coil) Lﬂuum‘ﬁwwmmavmﬂumn (Crystalize state) Tﬂmumai‘mm”@‘vmﬂmuﬂimwum pH ANN91 2.5 Wazazane
”Lﬁl,umwmm pH gnan 9.5 [8] Lazifieingnsasalilsaunteluuilannnasuaunisadana 3 33 lieosdnsawlad
ImmL@umymummmmm@mv 5 wuqngnsananasnseiessaeulmiiansausiureanandeng wazldidwas
Lummn‘tuL@nmmiﬂmuimﬂia‘imﬂm Witawndnas Aslifanisnesiduas wansdeuloiinnuldluanies
wnmumiumimmm AEAABATLITENNUTRS 873 (2554) FinudnienlsTusiauinanudl@lugas pH n145.0 - 9.0
LL@vV]"N’]uVLﬁﬁW]ZWW] pH 7.0 [5] asarialisiunialuamdanisdeaian pH anas agludag 5.40-6.71 desannianlad
ImuL@u@nmmﬂ@uﬂvmmqumﬂunm A AN pH 10981787 AARS @ﬂwmvmmmmﬂm‘lﬁﬂmumqiummw
L3R AN ALTIuNsA-sanauLazdanseas da el TusTian fauandlunisned 2

ANT19R 2 Ansauraaednsanallsiiun1alug wazArauiflunga-fng (AN pH) 1a9ansanallsiiunelunitnunszuiunisaia 3 33 naw
nstlasnaznasnistesdaeeulaslusiian

grganalusiumalunnaumsdas | o o o . @ .
o S - | anwnzaasansann Tdsiu | Avanuilunsa-sng
NSTUAUMSHIR wazuaamseasaiaiaubailusi .
malun (A1 pH)
1Y
. s . a13aza18d119 fnlag ek
v oL L. Aaunistiassaeiaulas] 137 6.71£0.02
dndusanAunisliannnfauuay naldngnimgiivias
ANNNAY
naanstiaadnenaulailusiian g3azaN8da19 llifsag 5.40+0.02
Naawntamas naunistiasfiaaiailasd mmwmmﬂm i lors 7.02+0.01
asazaeeaiinilivies pH 7.0 miqm@munwm .02+0.
fanAunnslfanufeuLazANu
m‘vu o 1 v a = a
naanstiaasaenaulailusiian g3azanedann ldifinag 5.63+0.02
P , neaunseasfaaulme anrazaedans luifiaaa 9.40%0.01
#1382a"8 0.2% Wwnnalann $au
funnsldmnuen . L. - o L=
ndanstiaasaenaulailusiian a38zanedan llifinag 6.71%0.01

3.3 dasasannllsaumalusiisaiaulmilustiauussmsAnnanifvasansain
mLuumiﬂfaﬂmmnmiﬂmumﬂuwimmnﬂiymumammm 3 FalnelfieulasTusiiaui annuidududesas 5 1o
dhvsnieulasiernmingdlun fuansatnllsiuniglvavganstos gaeeulaslUf s antRveasnsarin Gai
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3.3.1 dadFunnuldsiugaeis Lowry
mm’mﬂﬂ?mmmimuhmmﬂmTﬂimuﬂwiuuwimmnmmqummnmm 3 "Jﬁ Inansldganaaas
Modified Lowry Protein Assay (Thermo scientific, USA) m”l,ﬂqmmmmmn@w,mwmwmqmu 750 mTumm (187}
muqmmmmmmummiﬂmumﬂmimﬂ?‘ﬂumammﬂmmﬁma‘mmmmmwmummvmmiﬂmummﬁfm BSA
LAZAINNIAANAULAS (aﬂw 1) wummmnmiﬂimumqiuwmumvmumimmm 3 f;ﬁummiﬂ@ﬂmﬂLauisﬁuuﬂ?mm
Tﬂmummu 13.00%0.64, 12.3240.50 K@z 13.20+0.95 RAANTH/AARAAT ANNAIAL AIA1T19 3

Modified Lowry Protein Assay
2.00
£
=
E 1.50 et il
< e
e 100 .
T
3 *y = 2.0498x +0.3052
L 5 ¥ L Y=< "
0% ot R? = 0.992
E‘; 0.00
F 0.00 oo 0.20 0.30 0.40 0.50 060
© Anuugduea BSA (mg/mil)

7U7 1 nemlnnmsgusEdnerdindusnsazanelUsiuNInsg U BSA wazAnnsganauLAtANeIpau 750 witumms Taanisldgn
NedaL Modified Lowry Protein Assay

m19197 3 WanaldsiuluansainlusfiunielwmdsnistessaeulaiusinuFauiiaunsmninsgu Inenisldganageyn Modifed

Lowry Protein Assay

dSuaulilsiu (Nadnsu/laaans)
NFEUIUMSANA
A5IN 1 ASIN 2 A5IN 3 ALafe

wndusaniunslianuFaunaza sl wazEIung 13.36 1296 13.30 13.0040.64°
' a . . . .00%0.
tlaefaiaulmilusiiou

ansazananaamniivivas pH 7.0 sauiunnslianu .
y o ' Ly - 11.90 12.87 12.18 12.30+0.50
founavpauauLaziunsdaa el milusiay

: 1 o v v

An9azane 0.2% wnislaansuiunisliaonudau uaz )
. L e = 12.18 14.05 13.36 13.20+0.95
dnunisteadaeaulodlusiiau

o

NHNENNR) faaafiilines a waz b MfuseTy waasdernauAnsneiuednaiited ATYNNATA (P<0.05)

3.3.2 faLmﬂvumuuﬂiuLaﬂmm‘ﬂﬂimumﬂmﬁm SDS-PAGE
qmiwvumuuﬂiuL@ﬂm@\ﬂﬂimuﬂwqiumﬂ@unqiﬂ@ﬂLmvummiﬂ@ﬂmmLfau"l,s;jﬂmm@u paznAilA
Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis Tmﬂm”‘uu Tricine (Tr|cme SDS-PAGE) GINL‘]Ju?""LI‘LIV]
mmmmlummmiﬂmumﬂwa@Lﬂﬂiwmmmmmaﬂmmmmmm 2 kDa Tullg Tﬂ‘V] 2) HANNINARBINLANANIATIA
Iﬂimumqimmﬂmmmmﬂ@ummum'ﬂumnm@um LANNNAL (me 1) ﬂﬂmmﬂmmymﬂmgﬁL‘V\Imuwmm pH 7.0
faununslfANFauLazANAL (Lfauw 2) WAZANAAIATAZAE 0.2% LUﬂﬂQI‘ﬁﬂ’] (auh 3) neunselearaaiailas
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IU?ﬁL@uﬁ‘ﬁﬂﬁﬁﬂINL@ﬂ@ﬂﬂﬂﬂd'\ 40 kDa LL@zmmﬁm‘miﬁumq"l,uuﬁirﬁmnﬂizmummﬁm%\a 3 3% uddn"seiaAe
wewlasllush L@uN?ﬂLLUULﬂﬂfJﬂuﬂ@W‘ULLO‘].II‘]J?WL&@EI?“’MQ’]\‘I 4.6 - 10 KDa (101t 2,4 Uz 6) uwaneintsAuntaluugn
L@u”l,snu“[m‘uL@u”la‘l:miasn“lmﬂu‘iﬂmwummL@ﬂm 1u°umm‘iﬂimmfﬂmmqmimmem 1 Nuwuﬂ‘immamﬂw
Fn3TnINg 1.7-15 kDal(LﬂuVI 7) waztusAuluumniennsAnunaei 2 umuuﬂiuL@q@muwmmum 10 kDa 3u.ltlauis
1NN 40 kDa (Wau# 8)

40 kDa ——— gg EB:
25kDa —— — .

15 kDa ——— - a

rokoa 1  ——10kDa
46kDa —— i ‘1"3 k&)aa
17 kDa —=

’j‘ﬂ‘VI 2 muunim@ﬂmmmimm‘iﬂimumqiuwmnmmamﬂmumunumﬂumﬁmﬂumWmmmu Z\mﬂMQEIZ‘?WTNWZQWHW@&LWMUWLW@T pH
7.0 i'mm_ln’]ﬂummiﬂuummmmu LL@J&H@@’)EIZQ’]?@W@’]EI 0.2% L‘LIﬂﬂ\iI‘ﬂW] ﬂ'ﬂuﬂ']iilﬂilm’)EILﬂuVL‘ﬂﬂIUiNLﬂu (mu‘w 1, 3, LAy 5) (183 b>4
waannssiassneeulmilustiiau (muw 2,418 6 Li_l?fﬂumaunummnmTﬂimumqiwmqmsmmew 1 WA 2 (1WA 7 WA 8) ALY
fnamAila Tricine- SDS-PAGE

3.3.3 NINAFBLANNAININTUNIEUBYYABATZAILAD DPPH assay

mam?mmmummmmmiumimu@ummi”mmﬁ DPPH assay 10481367 a11s5un19luufiann
neTLNUNTATANS 3 Qﬁﬂﬂmmmmmiﬂ@mmmﬂu”lfnﬂ‘llmuL@u TnaAuanaaarniafinueyyadasy (% Inhibition)
wazAmnmAAdiniuresansainiinliiAnnsieyyadass 50% (1C50) wudn ansariallsiunieluaiain
sneninduianiunisliaaieunaraudu afassaisszaraaamminmes pH 7.0 sanfunisldanufauuas
ANNAY Uazanafea1saTans 0.2% Rl waziunstiaasaeulailusiiauiAinisfiuayyadaszgandd
ansarinllsiuninluad laiinunseaadasiewulas’ e eNTEd1Aynn9aTia (P< 0.05) A1 1C50 Wiy 7.200.10,
6.87+0.22, UAY 15.70£0.17 Ha@ANINFAANATANT MNAIAL AIA1INTN 4‘luﬁumm‘iﬂmumﬂum@umm@ﬂmﬂL@u”lsnm
34mmmmmslumimu@w@'amvmufm ldaunsnAuaAn IC50 14 Teaanadesriuanenutes aiaimi uazans
(2555) finudnnsaialdsiunialundaseulodlisfealidinissinuenyadassgeandinisaindoetiifgumgiivas
ANHAUGY UATAININTANASIANTaz AL AN TsRENATUBLUA (Na,CO,) [9] Wanani fadsenuinigldiaulasd
ImuL@umﬂ‘ﬂﬂimumﬂmﬂmmmyqu inllaldsBuaunnidnas wazfidse@nsnimlunisfinueyyadasy DPPH gandn
Tussuitlaitinunnssias [10]
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A3 4 mmmmmlumiﬁm@%a%mz (A1 1C50) waansarinllsmun1alualfannnszuaunisadaiie 3 38 neuniseaslasuaInig
elaeifaaeuladlusiian

ANt UIasEsain Nl TRRMmesuayyadaszsataz 50 IC50
A1TNINTFIN/ETANALLSRU o (HRANTH/NAAAAT)
“ NFEUIUMSHNA
malua
ATIN 1 ASIN 2 ASaT 3 ARAe
Ascorbic acid - 0.0155 0.0154 0.0153 0.0154+0.0001
Trolox - 0.0170 0.0175 0.0171 0.0172+0.0003
TnAaRFINAUNIT A
5 o ND ND ND ND
ANNNTAULATAIN AL
A7azaNaALNA
#n3anmidsAuniglu TTilas pH 7.0 saufy
. . ., ND ND ND ND
faunIseas nsldAnnFauLas
ANAU
ATAZAY 0.2% LLNNY
T/ FanunslFAaNN ND ND ND ND
fau
TnARTINAUNIT A .
0 o 7.15 7.31 714 7.20+£0.10
ANNNFRULAZANAL
Asazananaawm
ansafinllsfiunalug wlaf pH 7.0 fanriu i
o , 5 5 6.65 7.10 6.86 6.87+£0.22
WAINTERE nsldAnnFauLas
ARG
ANTAZANE 0.2% LLNNN
{11 saufiunislfaanu 15.58 15.64 15.89 15.7040.17°
fau

WN"2ME) ND Manaide Hannnasnsnlunissinueyyasaszamin ladaunsaAiuemen 1050 Tisiaaniienes a uaz b Adusieiu wan
famuuanateiuad e ldadAnyn1eadin (P<0.05)
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4. ggduamsnaana (Conclusion)

nszuunsaialilafuei@u (Sericins) vizaldsAuntalundanislienlsilusiiou sudesadnlusfiunialuw
mﬂmn@um@mm”mwmmwmmqm‘umﬂ‘wmwm@um”mmmu esanlilsiusananldazanelusingy aan
uummmmﬂmiﬂamumq”lwmmﬁm@mm@uisnﬁ‘immumMuL@u’meun@uTﬂ@m@a Haeaudnnnseeslusiiu
mmﬂu%ﬂﬂﬂmmmmﬂLwum’mmmmiumamuﬂuummﬂ,m Junmeaasinudnaadaduresesla s
wudaeay 5 lmwmmiﬂimumﬂuwummimuaum’amvmmm Tunimaaesanaldsiunialun 3 38 1aun nns
aRAFRETNNduIINALNNT 1A S e UL AT AL AL LL@”mﬁ‘aﬂﬁmﬂzﬁ’]?@‘“m&lﬁ/\l‘ﬂmeUWL‘V\l@i pH 7.0 sanfiuns 1
ANNNFRULAZAMNAL LATNNTATAAILATATANE 0.2% mﬂm‘tsﬁmmmumﬂumﬁm@u gunsnanaldsAunialuu
aanunlugtansazaneld uazlFundsivindifaaiu atadlafiniu mmﬂm‘vﬂ,mummmmmiumamu@%@
BaszAaudinen willetharsadallsiunluunndesdaeulndlusiiauiasas 5 lugninsiuunzan wudnlusiu
naluuvdsdesfaeulnifiaualuanadngs danususnlunissinueyyadassgeanetnedidedAnmiealia A
agUladnsldieulailusiiauaiunsaiinss@nsninnissinueyyadaszaasansanalisfiunalusls
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Thermal and functional group characterization of cellulose from
sugarcane bagasse
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Uﬂﬂﬂﬂﬂ

mmwumLuummLmﬁvmuummamwmumvwﬂ\mmmmLﬁma‘imImmﬂm@mum@mﬁmimmmm‘[amm
grudanlanaSuan maasnsTIaunIIMaAS (Chemical treatment) Tﬁﬂﬂ’]ﬂ‘ﬁﬂ?ﬁﬁmwl’)?ﬂLLU‘]_JL"'\]@’WNII,L@WWN?W
lnnanlansenlafuarlalnsiannlefeanlad andudnmesdilszneumaniizesaaglaanimsan|fiaeirses Fourier
Transform Infrared Spectroscopy (FTIR) ‘W‘LlfmL%@TM‘Wmumiﬂiumﬂmemﬁ‘vmuma‘m\iLmJ 29ALTZNALNNLAN
1e9anHunaziaiimaglaalagnindneanty f;Lm‘%ﬁimﬁmwmmmmmimmmmﬂq X-ray diffraction (XRD) WL
filasagFran@nuuy cellulose |, LmzwmﬁmmummmmLsﬁ@g‘lmumﬂammwmfmmzmumamqmw Awiniu
72 % wazdmanziantiiniaanuiausiamnatia Differential Scanning Calorimeter (DSC) wudnwanlulasiaagiaad
gunninisaaradagandndulelulasaaglas

Abstract

This research has focused on the characterization of cellulose from sugarcane bagasse by thermal and functional
group analysis. Cellulose was extracted from sugarcane bagasse using chemical treatment with sulfuric acid, sodium
hydroxide and hydrogen peroxide. Fourier transform infrared spectrophotometer (FTIR) analysis showing the evidence
of hemicellulose and lignin removed from sugarcane bagasse after chemical treatment investigated chemical
functional groups of the prepared cellulose.Crystalline structures of cellulose were characterized using X-ray diffraction
(XRD). XRD results showed that the obtained product was in a form of cellulose |B structure, itis found that the treated
cellulose by chemical treatment had a higher crystallinity than untreated cellulose. Thermal analysis was studied by
Differential Scanning Calorimeter (DSC) which found that the microcrystalline cellulose had a higher thermal
degradation than microfibrils cellulose.
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Keywords: Sugarcane bagasse, Cellulose, Chemical treatment
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1. unu (Introduction)

dszmalnedutlszmadnunemsnssuuaziiupssgia
wdntasszina niAssgiazedinaiivainvasaiin
47 Tud1lends dos enewns Undu Tedesuinviesiu
ngninauviannniinia lnanglullssmalnendu “dee”
duitiassgiannulugnavnssunsu@niinig deaz
wiaadagudeiiflunnlenFendy “mudes” 11udes
Thdaguwiaeiamenisinensizedantssinnaniuaaglaa
(Lignocellulose) N1lsznaufae vraglas aliraglad uaz
antiu 1udesdanududulongs Tnanuimaglaa
Fasiay 40-60 ladlimaglasiosas 20-30 uazdniluianas
15-30 [1] @wmmﬂwnm@@mumﬁmmuﬂ@@‘lﬁ@mmuwm
Asflganimudesuulanin envieiy dunthaudesan
afinimaglag iveaninn@uandenlunisenlitesuas
IO LNHLAAITBIALNINTIN AT

U 1 nwdhesugen [2] (a) uazn neugeaeunIsauLi (b)

aglan Agnaniaaiiae (CH,0,), iunadusanlsd
#auis Wudontlsznauudnaesisaadivg wuldviald
Tusssnang i Uarlu el audes Hhe dnsvman wazwng
¥ G| k% % dl 1 o 3| 1
i lwsiu aglasdsznaumaluanansefuiuanald
anqreanglag W@eansafiudoaiussiuni-lnaladsn 7
Auuah 1 waz 4 aesanfuauazaen ([3-1,4- glycosidic

32

linkage) ﬁQLLmﬂﬂuiﬂﬁ 2 mmiamﬂumﬁuw’?ﬁ dudan
mmwmﬂuumnummmmu Aanudaveu Wi
ﬂnm‘ﬂm\mmwmLenmi@aﬂmmumﬂumwuﬁﬂa‘ﬁmmu
umwuﬂmmnmwmfaumfaﬂuaymwmﬂ‘lumymﬂu@n
TuL@qm\im'lwfn@@‘ﬁaaummLLmLLN Hentdumaglaaun
szTamiluvanasinu enfidu uiuidullsalseduiu
wihaegunIniaidnnsetind Janaenindnlugrainnsan
&TUEIUA 7 fansasd iU fennia U33qinuaianng
wazLAzaddneny [3] mﬂmwmmiﬂﬁmﬂmmnmawmmu
meﬂmmﬂmummmmm”ﬂmﬂmmwm ‘lmﬂmmmm
inJNL‘ﬁ@@I@NLL@vLNQW@’]@mnLW@“II‘L&T‘JJL‘]JHW@NI‘]J?\‘ILL@\‘I
mmuimlmumwm W7o mu@qmmumiuh dudmgaivlu
nsuanEanszAe Wumu

oH ' W

97 2 Tassairanivaaglasa

nezununsliuannaesianiszinvanimaglas wil
adu 4 38 faid nnsdFuaninnienianin nnsdfuann
NNNEATNIINALLAT miﬂi"ummwmqmﬁ Lazn1sdsu
ANINNTININ slu\mmwumfaﬂmiﬂ?uamwmmqm@
nlugaglaasaenszuauniImiaa uaclaealiludanag
zmmmgimmnwmmam:mumamLmumLmqafaﬂim
an 3733A8 nsdfuaniwsaslalau nevinUizanfaenig
1519 uaznisindjizendaanisldnas [4-6] eyl
linnslfuanmananaagauiuiusa Lufaqmﬂmﬂmmm
LunAeanludufuay LWNﬂ’]?ﬁﬂﬂL‘ﬁ@@I@@ [7] annsiu
vinmsafinansiidgeanainaiudes Fandt “Dewaxing” B9
Fumenilfunnaingn Asla @9 i@ inFiu AL ean
ANTIUBRE LLﬂwz‘im?W'ﬂﬂ@VILﬁ‘ﬁm’] “Bleaching” InaianAe
Uf)i3e1 Oxidation 1umavx|®ﬂLW@m@mm@qun@ﬂuu
waziafiaaglaa Tafludautlsznevudfoyluiefifuase
medrganenssunsuanimaglasduaztosnaaglas
[8] uazAnmasAsznauniuaiizesaaglaanimzanls
ﬁ"gmﬂ?m Fourier Transform Infrared Spectroscopy (FTIR)
iesannuy Aeidunsasugdinsdunaauisinaiuiie
Tuianaresansfeteldfunisnssfuazuanagluuy
anwouznisdunanseanunluglassailnaiunisganau
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?“ﬁ%u%l’um vi3enEand FTIR awnpiu den1simsnzd

m'ﬂmﬂuﬂuuﬂuhmmﬁﬂuLvmmvqumwmﬂmum
fufagfidesnimmaueiin uasAnmnauiFEnisaauion
mﬂmmuﬂ Differential Scanning Calorimeter (DSC) 1ag
mmuﬂ@ﬂuuﬂmwmmummmimfamqLmammmn
wlatnulasly LW@miﬂ?vﬂnm“lmm‘lumumq ° 8eig
YRR

2.98ms2]8 (Experimental methods)
2.1 qamuawﬂﬂmm
”Lumwmmu’bmmmmmmmamimwmmmm
gaeanAningais AsazaEnIndafiian mmmmmﬁ
¥asiaz 98 8a Carlo Erba Reagents mi@”mﬂﬂimmu
wafaanlad AuLdqniiesas 30 A%a Carlo Erba
Reagents deslansenlasadinge ANNLBgNAZatiaz
97 &i%ia Carlo Erba Reagents
2.2 IEmeainLraglaganmudas
lumiddsilidendsannaglasainaudaalaanig
Uuaniniaaglaadanszuaunimiauail (Chemical
treatment) Tmﬂéwﬁqmmmﬁﬁmm [9] Ine N9 URDLLEA
AL 3 uarseaziBan Al wireeENuainAL
avernudeslngBuannndsuderliiarann mnu
ARl 60 adALTaVTea WivalaAaTueeN Lazuali
i WewFengiunaunszutunsainisaglas Tnanis
5uannsaenszuaunmeilagldnsnseusazanaive
anslanaiwludovsesdniiuwaziaiisaglaaliigaoan
T Inesanansazanansadailain anududu 5% azay
‘Lumvl,?ﬂiw UFuFunmslils 200 Haddms antiudenu
gaEuALIY 20 N3N mmum’Lumm”mmmmw% FuANe
\ATENNIUAAYNITITRL 500 TEUABLNY Tigaunni 60 89N
e unan 2 40l mﬂuuuﬂiﬂmq@faﬂmﬂuﬂﬁhw
wA91IFU pH windu 5 Ldansesean TunewilisnFund
“Dewaxing” {TimsrindnansiBuavansfniiueandusiu wds
ntiigiunennisinanantiuaziaiinaglansme 4%NaOH
HaNAL 24%H,0, Tuilfums 200 Haddns Tnansiiu
ansazaneadly ‘lua‘zmmm 2 dluandlyl aufunaindues
adeei Aeuihid winesgauradnegng gnmgil 608
GGG mm‘lmmwmmmmamqmLummmm 500 7L
AN mnuum"l,ﬂmq'a@ﬂmﬂm"l@ﬂaﬁ \raglagaznans
Whidana uWL@“LﬂF;Ilﬁ]@ﬂt@@‘lﬂiﬂ@ﬁﬂﬂ’]i‘ﬂi’ﬂx‘iu’mwWJ?;I‘LA’]VL?
1324 nsziia pH 2esthilAwinu 5 uaznsasanaseting 1
”Lﬂmwn@uwammu 60 asATadea 1Whuaan 12 dalua
elldmnatu iewResRinmsiasdlsznatvnaet Tnssaig
HAN wazanLENANFe famaila FTIR XRD way DSC
ANNAGIL AnmausAnetnsresdnssiete iRzl anlu
2191 4

FIRTINATEIRFIELN (Tudan)

I

MARATTAReY uasAntiy Aaunsadou
(5% H,50,)

l ik : 11h TEq WACTITHN TRIRTH
{ph4=5)
nARAntuuazolinaglas
(4%NaOH + 24%H,0,)

l frakaenlhlrey u

{pH=5)

Py b

TArsRLmATe
FTIR XRD WaxTG/DSC

1 v
717 3 wansdumeunisainimaglaaainiuden
@l

gﬂﬁ' 4 ANHUTIRITIUERLLANDUNTLFLANN (a) TNUTRENAS
ﬁﬁmiﬂ%mmwnixupumivmmfl (o) TUFRNAMINITUFUANIN
nszuaunsnIAintnllauuisiguugil 60 asAtadua (c)
aglaan1en1sAn (Microcrystalline cellulose) (d)

3. NaWAzIAN50d (Results and discussion)
iarhfmusesinanuarerauaiiuneaziten uaz

1udeslAnunislFuan ndaeAaniaual uniine)zd

ganTRvesTUE e nauwazuaInIsliuann Ionameil

3.1 wamsqmsuuwuﬁummmmnmLma‘immn
FuBRLAENTTUIUMIUSURNINNNLAT AreLATa
Fourier Transform Infrared Spectroscopy .

ApmzantiFnniiressnssiatnefitiatafu 4000-
400 cm’! TnenilatisiesineaestudesfautunsTLNNT
UFUANIWNIAN WATINUE B8 NASHUNTZUAUNTL T
ANTNNGLATNNALATI TR U warlassaireluianasae
aulnaiunisganauiaddunsie LLamﬂmﬂm 5
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Transmittance| %)

~—t77 77T
IROD 2400 X0@ 10D LI il Aoy

Wavenumber{cm ™ )

A0 ) ,!hlllll PM:'EI
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Study of optimization conditions for inorganic/organic flm development
coating on aluminum alloy A5083 for improving the corrosion resistance
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Abstract

Aluminium alloy A5083 is commonly in for offshore industries since it has higher corrosion resistance by creating
an oxide film protecting surfaces. However, the protective flm can be destroyed under corrosive conditions like
marine environment containing chloride and fluoride ions with alkalinity. To prevent the corrosion, an inorganic/
organic film is applied by coating on aluminium alloy surfaces. The objective of this study was to investigate the
effects of different organic precursors on corrosion resistance of the aluminium alloy under basic condition. The
amounts of organic precursors and water contents in the hybrid inorganic/organic thin flms coating were also studied.
The hybrid flms were prepared by sol-gel method containing an inorganic precursor, TEOS (Tetraethyl orthosilicate),
and different organic precursors, namely AEAPS (3-(2-Aminoethyl aminopropy! trimethoxysilane), AMEO (3-Aminopropyl
triethoxysilane), GPTMS (3-Glycidoxypropyl! trimethoxysilane), MTMS (Methyl trimethoxysilane) and OTES
(Octyltriethoxysilane). The ratios between inorganic and organic precursor were varied from 100:0, 90:10, 80:20,
70:30 and 60:40 by volume. In addition, the molar ratios of TEOS to water at different ratios, 1:1, 1:2, 1:3, 1:4, 1:5,
1:6, 1:7 and 1:8 were applied. The thin film named 806TOT consisted with TEOS:OTES ratio at 80:20 and TEOS to
water ratio at 1:6 showed the highest hydrophobic property with 103.09£0.35° of contact angle. The potentiodynamic
technique was employed to test corrosion resistance using 3.5 wt% NaCl. The results exhibited that 806TOT had
the lowest rate of corrosion with 0.78 x 10 mm per year equivalent. This number is higher 50 times over aluminium
alloy without coating.
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1. unu (Introduction)
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Uil Feuiannesdilsznaniued Al AS083 An Al LA Mg w815 O 1’7‘1'Lﬂumﬁﬂ?xn@m@ﬂzﬁ'u@@nﬁﬁﬁmqgLﬁau
Saa08aF19TL ULARILTRMA27IIENY Al Mg Si O waz Clillasanmsiindjisenresesqfifiandaasaiuiiuay
Aaaleslaaauiaiflu Aluminum chioride hydroxide (AI(OH),Cl) f¥axnIg (2)-(5) [13] Nneiuuuinredag il
fanat (gNATALAN)

Al — A" + 3e- )
AP +H,0 ——> [AIOH)" +H +e  (3)
[AIOH)I”" + CI"  ———[AI(OH)CIT® (4)
[AI(OH)CI]" + H,O —— [AI(OH),CI] + H" (5)

faeine 100T ndannsmeaeunsianiau daretezqiillandaaaslidnenzagassainndifeting Al AS083 gnasd
WIABSTALMNNNAA pit LATQNATRUASTALAYRY Al(OH)2C! Tuane? 806TOT WLIRWNZNNTAA pit (gnAsAiAes)
nnaifia pit iunisdansaueniziinaluaniazindeniillessusesaaelsdiluasdilsznay Tng 89 vgu (Pits) Az
FUNATULTUARANE 219N N9 n LA LABNITIANZRNANLUBIARETU it AL ATRLAZIENFHIAM
Uizen (2)-(4)

Fanaatng fRUNAFaLMINANTaY NAINAFALMSNANTDU
Element | Weight%s Atomic%
CK 851 15.43
oK 18.67 25.44
Ma K 0.51 0.48
Mg K 5.27 4.73
Al A5083 AlK 63.81 51.54
SIK 2.50 1.94
oK 0.73 0.45
Totals 100
Element | Weight® Atomic%a
oK 13.42 20.74
Nak 0.93 101
Mg K 3.43 3.50
AlK 74.88 68.61
1007 SiK 5.63 4.96
CIK 1.71 1.19
Taotals 100
Element | Weight%:  Atomic%a
CK 18.72 32.19
oK 10.45 13.48
Mg K 3.17 2.69
Al K 63.20 48.37
806TOT SiK 4.46 327
Totals 100

dl o d’l’ a ] a a o ?1// dl ' A A a) o ' ' o o
gﬂ‘Vl 6 NN SEM LL‘Nmﬂ@ﬂﬂszNNQUHLLNWﬂzQNLuﬂu’ﬂﬂ@’ﬂﬂﬂx‘miﬂLﬂ@ﬂULLQSLﬂ@ﬂUWﬂNZSWTIﬂWQ il NAULATUAININITNARALNIT

o ] v A & IS4 a
ARNTAUAILLATEN LaTaIALTENaLNINIANAYEALIA EDX
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4, ’sﬁﬂ (Conclusion)

mmwummmwwmﬂmme@uma”@mLuﬂu@@@@mummmmmqmmu‘wiﬂ/@uumwmmmwumummmmm@u
m%ﬂm@mq‘”wumaim%'a@mwmu‘EmwlammuLmﬂumnmmmim 18 WazauT 130°C wudnTHauazLFunniaes
mmummmvﬁ?mmumm&mmmmmmimﬂummmqammummﬁwu‘wm pansinnIau Waunanes TEOS iy
OTES 34mmwumumma‘ﬂﬂﬂi@umm’mlmmmmm GPTMS uay MTMS @mq"liﬂmm’mwuﬂ?mmmmumﬂu
'1/\1@umaﬂ,mN@mamm‘wuummwmmﬂlmﬂ?mmma@umﬂmnmw 20% LL@”NN@WN@mwmumammmwumu
ﬂ‘ﬂmiﬂmm@umwmu ﬂmqm@mmumwﬂwuﬁmmzwmﬂzmmmmeumnu@ﬂﬂmﬂmLm GPTMS < MTMS <
OTES mmmmmmumummaﬂmm@ummmmﬂ@mumummmm MTMS < GPTMS < OTES waNaNi sl GPTMS
HAnununIusanIsiANSoUgINT MTMS mfmummmn‘lﬁmmmqmqLmJ ﬂ?émmmmwmuum@mmu@mmmvmm
NUNIURANIINANTALU Tmﬂuuﬁma daiiieBunasnilFasming TEOS da 1 1:6 Taelua wzﬁqum@mm TEOS:OTES
Faeaz 80:20 (806TOT)

Wangns 806TOT winnzaxlunslfindeuitazgiidendanas LW?T”N@M?’]H%‘HW@@HM’WI@@ Wwinfu 0.782x107
mmmmmﬂ mmmmmmmu 806TOT wﬁmummmwumumminmm@ummﬂimmmqvmm@@%mﬂl@@@uu@”
@Qﬂ'ﬂ@yﬂmLHHN@@@@HV}VLNLF]@@UNQNQ 50 win muu%lmmﬂ@'aumm@mLuﬂmmummmﬂiwﬂﬂm"lsm,ﬂa'aumm@uLuﬂu
@@Z\IEEILL@Z%]MHSLWQm@ﬂﬁﬂi‘ﬁ‘u“ﬂ’m‘v}u@ v Tasea¥naize (s
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Nitrosamines in rubber gloves used for food contact applications

N 1* e e A a a1
ATITTU ﬂuﬂ?x%? , BIAN RAUAUNT , NOUNAT NHITLLLL

Orawan Pinprayoon?, Orasa Onjunw, Pantila Bhumirabeab'

UnAmea
mmwwﬂumiﬂnmmmmmiﬂﬂummﬂmmﬂ?mmiu‘imsnmumLﬂ@@umﬁ@@ﬂmmﬂmmmammur:mmmu
m@ﬂumﬂu@ﬂummmmmuﬁm Inannsameflulnsaniiu 12 15n Ae NDMA, NDEA, NDPA, NDiBA, NDBA NPlP
NPYR, NMOR, NEPhA, NMPhA, NDiNA, a8y NDBZA Iuﬂ\‘iﬁ\lﬂﬁ’]\‘m’]\‘iﬂ’]ﬁ‘LLW‘V]ﬂMi"aEN@J@EIWQ@’W?‘LNﬁu‘LI’]uV]'ﬂﬂWQV]
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Abstract

Rubber gloves are used daily in various applications including for food handling purposes. In order to assess
possible exposure of the wearers to N-nitrosamines as well as possible release of N-nitrosamines to foods being
contacted to these gloves, effects of extraction media are investigated. Artificial saliva, artificial sweats, and some
food simulants are used for the extractions and twelve N-nitrosamines including NDMA, NDEA, NDPA, NDiBA, NDBA,
NPIP, NPYR, NMOR, NEPhA, NMPhA, NDiNA, and NDBZzA are analysed using GC-TEA. By using different extraction
media, the levels of the released N-nitrosamines and N-nitrosatable substances are different leading to the differences
in the judgement for the EU Directive compliance. By comparing with data of daily intake of N-nitrosamines from
foods, the intake of N-nitrosamines migrated from gloves used for food handling under the most unfavourable
circumstances could lead to an exceeding of dietary intake. It is suggested that only rubber gloves certified for
selected purpose should be used for food contact application.

AdAy: Tulasniu geiless nsdudaanmns
Keywords: Nitrosamine, Rubber glove, Food contact rubber
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1. unu (Introduction) 3
dszimalnaiiluunaindnewassuafuasnaninsianssssnaAndAny ndndusiueisndeeenlddmiesii

o
o

‘ﬂﬁ“”L’VlﬂLL@”LW’ﬂ‘]_I‘j‘Iﬂﬁﬂ’]ﬂluﬂﬁ‘“’mﬁﬁ@’m‘ﬁum T mmmq AN NAUINE ANUNEN LL@"’“II@\?L@NQWH?J’W\W??N‘TJ’]@ i

q
o

Gmﬂ?”mumm@mlu‘ﬂumauﬂﬁiWWluﬂﬁGWQ?ﬂ Nmﬂ‘nmamLa‘\iﬂ{]mmmmiwﬂwL‘fl‘ht@ﬁiﬂ?“ﬂ@ﬂ%:ﬂﬂyL@Nu‘wmﬂﬂu
agflulaseaiing iy daitunlud 1nlloAfinue wazlngusn s answanidanansosinliRaanslulnsSuluilon
Iummmmﬁmm\ﬂm en\ﬂu‘imsmwmmmLﬂumm@mm (Carcinogen) ) lagl International Agency for Research on Cancer
(IARC) [1-3] Iuﬂ@@uuu@ﬂmﬂm@mﬂmm%mmmuumm\imﬂmwLﬂuiﬂmmwmmﬁmﬂwumLLm mm’iﬂmﬂumm
mﬂmmmmmﬂ@@mnﬂumﬂmwu mudeanstutieuiionafusunsadae ﬂ@ﬂﬂﬂ‘ivmﬁiﬁmL’ﬂW”]“’ZWﬂ’]WEII‘iﬂiﬂN
mifﬂ@ﬂﬂ{]?"'lﬂ_lf;m L‘W'aL‘]J‘Lm1?ﬂ@dﬂu@umﬁmqﬂm?ﬂ@mﬂ@@ﬂuimmmm’mmmnmmmedwm‘ﬂﬂm Imﬂmm’wum
seavaesdnslulnsdulalFing 0.01 mg Aaend 1 kg LmvmwmmmLﬂ@ﬂmﬂLﬂuiuimseﬁﬁmuimulmﬂu 0.1 mg Fie
819 1 kg Trﬂﬂﬁl’a\‘nLmﬂwmmmmﬁﬂu‘mmum [4] i1 EN 12868:2017 Child use and care articles - Methods for
determining the release of N-nitrosamine and N-nitrosatable substances from elastomer or rubber teats and soothers
[5], 1ISO 29941: 2010 Condoms- Determination of nitrosamines migrating from natural rubber latex condoms [6] LA
EN 71-12 :2013 Safety of toys Part 12 : N- nitrosamines and N-nitrosatable substances [7]
mmﬁﬁmmLﬂi%ﬂiﬂmismuuslum@Gmmmmeﬂﬂuﬁ%uumiummm@uN@[ﬁmmmm\imm@mmi 111 EN 12868
Lflumm‘gﬁmmme,ﬁvl,u‘llmemyumwuN@mﬂmmqﬂumma Iumumeuﬂﬁ?@ﬂm%%mmﬂmaumumaﬂmiuimsm
Huiguuuni 40 °C ihuean 24 alas dau EN 71-12 iflunnasgnasinssiiulnsmludwmiundndoeiae e 14
mmﬂm&mLﬂumma‘”ﬂmLmumeﬂuwﬂmunu 40°C 1flunan 1 ‘nfﬂm lemmN@mmmumﬂwm”mﬂm’mwmmm
Wdnn mmnmmﬂmmﬂL‘vmmLL@”L'J@ﬁwl“nmﬂm@\‘iuﬂml,umﬁvmmﬂum&‘mmm ’BEI’NVLTHIFHN N@mﬂmmmmuj Anng
daumannuang Liw ﬂ\‘iﬁJ’ﬂFJ’]\‘Wl’Nﬂ’]i‘LLW‘V]EI mm'aﬂ’mw‘lm\i’mmummi $195R 09N FNETAD 1N Usifiueng aenwiu
RN mmLmﬁvuﬂ?mmiuimemuummaﬂﬂﬂwmm%ﬁuﬂumﬂm’mmmLLM@”N@MM%

mmwuﬂmmNMﬂ\immvmwlﬂ]mnmﬂuﬁmmvl,uimsmuuwLﬂ@‘ﬂu‘w@ﬂﬂm"l,mmmmm\iﬂﬁumumummi
mﬂmmmmummi (Food simulant) U AANATRA LAY NTARLTFN ‘mummmnmmmmﬂmﬂummqmumwLﬂuﬂim
LL@wmmwL‘JJumaLW@ﬂiwLNummmeWﬂm'ﬂm'a“uiu(l:mismNmWﬂmium\‘mmwvmmmwvmLLﬂymmmﬂﬂﬂm’m
tunn g lusnuauanung

aa a o .
2. 98M43998 (Experimental methods)
2.1 gefiafdadi g15iAd wazginsal
2.1.1 Qadefaet
A ° o | P & ° o . . a =
QeilenaIuL 4 faete Usznausay galleansduiumsaalsa (Rubber examination glove) aiinla
wils (Powder-free) #1191NEN989INTRA 49U 1 FReEN (NRT) geilaafiavnuuuiiofululdydule (Non-fock lining)
ALl $u9u 1 faasing (NR2) LL@wmmmammumfafaiiﬂmmnmqmmemwl,u”l,mm AU 2 FIIBEiNg
(NT1 waz NT2) :1eas L'afmLm“wzﬁmmwmmmﬂummm 1

B399 1 9UATIBEALAZIRAFIBENININBYN

A1 SURRIBENS 21U/ IAR Wniniaagiasata (g)
1 NR1 QeiegNEMLAIATIA/RNNEITNTNG 5.1
o o o ¥ a
2 NR2 RadiaeadmFuld luanutinwenesssnag 36.4
3 NT1 peilesedmiunsalsa/anedunszilulaga 4.8
4 NT2 peilegedmiunsalsn/avdaunssilulafa 2.8
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2.1.2 asnmsgululnggiiu (N-nitrosamine standards)
a13117991% 18u-lulnsgnfiu 12 aiia 1Awn N-nitrosodimethylamine (NDMA, CAS No. 62-75-9),
N-Nitrosodiethylamine (NDEA, CAS No. 55-18-5), N-Nitrosodipropylamine (NDPA, CAS No. 621-64-7),
N-Nitrosodiisobutylamine (NDiBA, CAS No. 997-95-5), N-Nitrosodibutylamine (NDBA, CAS No. 924-16-3),
N-Nitrosopiperidine (NPIP, CAS No. 100-75-4), N-Nitrosopyrrolidine (NPYR, CAS No. 930-55-2), N-Nitrosomorpholine
(NMOR, CAS No. 59-89-2), N-nitroso N-ethyl N-phenylamine (NEPhA, CAS No. 612-64-6), N-nitroso N-methyl
N-phenylamine (NMPhA, CAS No. 614-00-6), N-nitoso-N,N-di(3,5,5-trimeth¥|hexyl)amine (NDINA, CAS No. 1207995-
62-7) waz N-Nitrosodibenzylamine (NDBzA, CAS No. 533-53-8) Mifluanssissiuiea¥ransnzesarsazaieninggin
Tmmm’?ﬂuLﬂummmwmmgmmm (Mixed nitrosamine standard solution) Tues ueamNNdNd TG 2 ng/ml AN
500 ng/ml wazlEN-Nitrosodiisopropylamine (NDiPA, CAS No. 601-77-4) Lﬂuma‘mmg’mmﬂ‘lu (Internal standard)
Immuumummmmumm NDIPA AL 100 ng/mi lUgsaLantumIgIuNas
21.3 mmvmwlmnm”lu‘imsmuu (Extraction media) 3
ms‘w‘lmnm”l,u‘llmmuumnm@mqqqm Ae (1) ansazansa)eiien (Artificial saliva) wizeulng 1473
FNNNIATFIU EN 12868:2017 [5] (2) ansazanawiRaiius (Artificial sweats) viainwensauaziens wiseuineld
ABANNNINTFINISO 105-E04:2013[8] (3) ansazanaeanueanduidiudufonas 10 uas (4) arsararensnerdinasiu
Wuduiaeas 3
2.1.4 AN Solid phase extraction (SPE Cartridge)
mmm‘mmL?@iﬂLLuuhm\ime A8 HyperSep SLE pH 9 Lax HyperSep SLE pH 7 a1n Thermo-Scientific
‘lmmm‘ummmmwmmma‘mmm"l,m'a’mmmmqn@ummmme‘m GC-TEA
2.2 mianﬂiu‘immuumnmu'ﬂma

mmummm\mmmmmmemum‘ﬂmumn TawaLlazanni 2 cmx 2 cm 4Tunagaiil 5 g ANUIUFNALY
&z 297 (Duplicate) Lme”Lﬂzmmfmmm”m&[ﬁm 7(2.1.3) a4 m‘llmmmmu 40°C A1A5 1 EN 12868:2017
anifuiupaunisfuneunisain Weasuinanliiansfiaialfuitanuazanalaanisnsesinuganses SPE udavinli
ansariadnfuaulnenissmeuugvmugNguualaumae iRz 5 mlantuaandantiinmus ldansain
rateanueadniuFuans 1 miudainliduduauandeanisidmuiionihansaiadauialulnsauaumaefuins
gavineaasans 1 mi neudeldaanuia (GC vial) dAuduaadiiezas GC

2.3 meAseasiulnsaniu o . .

Annvitinalulnsduuararsiuasualiiululnsmduld 12 aila Aldluarsnainldaingeiianns (2.2)
mﬂwmuﬂme‘llmm‘l:wmwlmawqqmﬂLﬂﬁémmf;mmwmmummi@u (Gas Chromatography-Thermal Energy Analyser,
GC-TEA) ntag Talasniusietimrneaeeng 1 Alansu (pg/kg) memwsmmmmwwmammmmaimmimmﬂm
memmﬂa‘ﬂ\‘irﬂmmmmm (Gas Chromatography Mass Spectroscopy, GC-MS/MS)

GC-TEA ‘Vfl,“ma Gas Chromatography £1%a Thermo-Scientific iu Trace 1300 #iaWq9iL TEA ?J‘Wﬂ Ellutia iu 800
limadnalniln TR-FFAP idutinugudnananielu 0.32 pm ANen9 30 m AN TR ATIAREL 0.25 pm 491 GC-
MS/MS ‘Vﬂﬂmﬂ Gas Chromatography fi%a Thermo-Scientific a‘u Trace 1300 fian29iL Thermo-Scientific TSQ 8000
Evo Triple Quadrupole Mass Spectrometer lfaaanltiin TG-WAXMS Lmumu@uﬂﬂm\imﬂu 0.32 ym A3NENT 30
m AN TeeiasliAReL 0.5 um

2.4 MITILUNR o

nmareulFinadlulnsiuuasaiidaeugUiululnemiuld s A wnmuazlunnggw EN 12868:2017
Annex C {IUN173718 T UANBALANNNITNE (2.2) Tmﬂmaﬁmimwaﬁi’]qmquﬁﬁsﬁﬁdqﬁmﬁ@mdﬁ repeatability limit
(r) resmmmeaauvizalal wnuasndaAttaandien () AsazaeauANedtil winnaad1slAmInngdn () e
Nnsvaaeugaiul
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3. NALATIANTDE (Results and discussion)
3.1 ﬂ‘émcu"lu‘l‘,mcmummvmevnmmemﬂaﬂusﬂLﬂu'lu‘l?msmuu'lmfa'mmu'ama

HATB9TIN AN LA 1u‘l§m5muulmwmawmmmLﬂ@mmj Lﬂuiu‘tmsmuuimwmmumﬂmnmmmmaﬂm
lugnsazanesing ! Luﬂmﬂmﬂmmmum 40 °C a4 T4 AlAseaidne GC-TEA memmmw 2
AINAN399 2 Wudn § NDBA WaZaNINannem Lﬂ@ﬂu?ﬂLﬂu NDBA 'Lumﬂmmwmmmﬂuﬂ?mmmLmﬂmqnuw@a
numumm@ami@‘vmﬂw’l,mnm Wi NDMA L.az NDEA sLuawmvmwmmﬂmummqw”l,mmnmmnmmamamm NT1
uaz NR1 yanaIniideny NMOR ”LummwammmﬂmﬁwimmnmmﬂmmwNmm NT2 LL@JNWUQWLW lulms
mmumum@ujmﬂmﬁmmm‘lummmmm A8 NDPA, NDIBA, NPIP, NPYR, NEPhA, NMPhA, NDiNA Lag NDBzA 11
AN3azAENANAAINGINBLATY 4 Faneing

o < - o o R - . A
A9 2 nuanndu-lulrsnfuuazarsanansawlasugliululnssfuldiedeudeangeiiesweanunluasazanasing 7 W
gnaangoumg 40 °C lunan 4 dalus

N-nitrosamine Extraction medium
Sample | Amount released, Mg/kg
Saliva’ Alk- sweat® Ac-sweat’ 10% Ethanol | 3% Acetic acid
Total N-nitrosamines 2.3 11.2 325 2.8 3.8
- NDBA 2.3 1.2 7.4 2.8 3.8
- NDMA A luny paaliny 4.0 A luny paaliny
NT1
- NDEA maaluiwy paaliny 314 maaluiny Raaliny
Total N-nitrosatable
13.6 1.0 12.6 34 0.4
substances
- NDBA 13.6 1.0 12.6 34 0.4
Total N-nitrosamines 12.3 16.8 12.7 9.2 6.1
- NDBA 51 16.8 12.7 9.2 6.1
NT2 -NMOR 7.2 m3valiny R39a LWy A3valiny v liny
Total N-nit tabl
ot Tniirosatable 59.0 16 77.4 2.4 0.3
substances
- NDBA 59.0 1.6 77.4 2.4 0.3
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N-nitrosamine Extraction medium
Sample | Amount released, Mg/kg
Saliva' Alk- sweat2 Ac-sweat3 10% Ethanol 3% Acetic acid
Total N-nitrosamines 20.7 41.0 266 40.9 24.3
- NDBA 20.7 41.0 30.1 40.9 24.3
- NDMA A99a lainy n99a lalny 9.3 A99a lalny n99a lalny
NR1
- NDEA A99a lalny mg9a lalny 227 A99a lalny n7a lalny
Total N-nitrosatable
3697 52.2 164 55.9 0
substances
- NDBA 3697 52.2 164 55.9 m29a ey
Total N-nitrosamines 11.2 21.6 25.3 40.8 11.3
- NDBA 11.2 21.6 25.3 40.8 1.3
NR2 Total N-nitrosatable
25.0 0 5.7 0 2.6
substances
- NDBA 25.0 Aaaliny 5.7 Aaaliny 2.6

1% o 2 A o~ a 3 A a
WIALNAUN, ~ LIINDNUNTUAAN, ~ LIINBLNENTUANTA

anuantsaziaadulylfdnlulnsadufnsanuAe NDBA, NDEA, NDMA waz NMOR 81aluunasinnain
UfjAsenszudng Nitrosating agents fLaiiumanil (Secondary amines) sednanszuaunisdaanludiedulunszuounig
HARDINDEN AaateatsnsssuannssiduLiareteiunRa)Nuandlunieed 3

< ) [ Aa = a v = P a da X
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N-nitrosamine Extraction medium
Sample Amount released, ug/kg
Saliva Alk- sweat Ac-sweat 10% Ethanol 3% Acetic acid
Total N-nitrosamines 2.3 11.2 325 2.8 3.8
Compliance to EU Directive WU Taieinu ladeinu ARt WU
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Total N-nitrosatable substances 13.6 1.0 12.6 3.4 0.4
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Total N-nitrosatable substances 25.0 0 5.7 0 2.6
Compliance to EU Directive Tadeinu WU WU WU WU
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N-nitrosamine Extraction medium
Sample Amount released, ug/kg
Saliva Alk- sweat Ac-sweat 10% Ethanol 3% Acetic acid
Total N-nitrosamines 11 53 1548 13 18
NT1
Total N-nitrosatable substances 65 5 60 16 2
Total N-nitrosamines 448 612 462 335 222
NT2
Total N-nitrosatable substances 2148 58 2818 87 11
Total N-nitrosamines 105 208 1350 208 123
NR1
Total N-nitrosatable substances 18766 265 832 284 -
Total N-nitrosamines 408 786 921 1485 411
NR2
910 - 208 - 95

4. d91 (Conclusion)
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Safety level and risk assessment of melamine migration from
food contact materials
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Abstract

The residuals of melamine from food contact materials (FCMs) can contaminate into foods. To protect consumer
health, the European Union has issued Commission Regulation (EU) No 1282/2011 about specific migration limit
(SML) of melamine at 2.5 mg/kg. Therefore, this research was to study the migration of melamine from FCMs which
were collected from local markets in 4 regions including Central, Northeast, North and South by using 3% (w/v)
acetic acid and high performance - liquid chromatography (HPLC). The extraction method was performed at 70 °c
for 2 hours. The amounts of melamine in samples were tested to estimate dietary exposure. The average of melamine
content was found at 13.5 mg kg™ for all types of FCMs. This result had been evaluated for the exposure assessment
of melamine and found that various kinds of foods such as rice, fresh milk, beverage and water have high risk
depending on food type, age, intake and food packaging used. The highest risk was found in fresh milk for aged
0-3 years and drinking water for aged more than 3 years at 97.5 percentile and eater only. Therefore, the food types
with high consumption may have been concerned high risk and avoid misuse of melamine containers in order to
prevent a health hazard.

AdARY: N9LlsniduANIALs WwanHu lunsdu dandudaanng
Keywords: Risk assessment, Melamine, Migration, Food contact material

"NIUANLNANARTLTNNS
‘e-mail address: sompop@dss.go.th
“Corresponding author e-mail address: jutathip@dss.go.th

58 BULLETIN OF APPLIED SCIENCES VOL. 9 NO. 9 AUGUST 2020



1. Introduction

Melamine or the chemical name as 1,3,5-triazine-2,4,6-triamine is used in the plastic industry to produce melamine
wares which is very popular due to its beautiful material, light weight, durable and low price. The melamine wares
are produced from the reaction of formaldehyde and melamine resin. Therefore, the release of formaldehyde and
melamine is important to consumer health. During the past decade, most of people are focused on the harmfulness
of formaldehyde [1-3]. However, melamine is also dangerous when reacts with cyanuric acid and forms melamine
cyanurate known as melamine-cyanuric acid adduct or melamine-cyanuric acid complex. This substance is an
insoluble crystal which can clog the kidney tube and cause of kidney stones and bladder cancer. The death was
reported from acute renal failure [4-5]. The World Health Organization (WHO) has established a tolerable daily intake
(TDI) of 0.20 mg kg™ b.w. (Body weight) day ™ [6]. The United States and European Union has issued the TDIs at a
higher limits of 0.63 mg kg" b.w. day” by the US FDA for food and food ingredients and 0.50 mg kg™ b.w. day™ by
the EU for food contact materials [7-8]. The Commission Regulation (EU) No 1282/2011 on 28 November 2011 was
disclosed with lower a specific migration limit (SML) of melamine of 2.5 mg kg’1 [9].The melamine contamination in
FCMs may receive less concern; hence to solve this issue, the risk assessment of melamine could contribute significant
level for consumer protection in Thailand. Nowadays, Thailand has not issued the regulation of melamine migration
in the FCMs, until 2019 the compulsory standards no. TIS 2921-2562 has been issued by the Thai Industrial Standards
Institute (TISI)in safety requirement only [10]. The analytical methods are also a crucial step to provide precise
requirement of regulations and standards. Due to small and polar compound of melamine, high performance liquid
chromatography (HPLC) was considered suitable for melamine determination in FCMs and foods [11-14]. Many
literatures were reported the developing methods of melamine measurement by using various techniques i.e. liquid
chromatography - tandem mass spectrometry (LC-MS/MS). The LC-MS/MS could provide a good identification and
low detection limit.Recently, the European Committee for Standardization (CEN) has performed interlaboratory
validation of LC-MS/MS method for melamine and cyanuric acid in animal feed [15]. Either FCMs or foods have been
concerned in the safety of melamine [16-17].The LC-MS/MS was useful to study melamine metabolites e.g. ammelide,
ammeline and cyanuric acid [18]. Other techniques such as Fourier transform infrared (FT-IR), FT-Raman, and near-
infrared (NIR) spectroscopy were adopted to evaluate the melamine contamination in gelatin [19]. Although there
are many techniques applied to determine the melamine concentration, the HPLC gains more advantages such as
low detection level and matrix effect. Additionally the HPLC technique with food simulant has been published by
British Standards Institution according to standard number: DD CEN/TS 13130-27:2005. To obtain the reliable results,
the standard method was used to evaluate the quantity of melamine in FCMs. Since the food safety is important
issue for consumer protection, the risk assessment is one tool to evaluate the harm to human health including safety
monitoring and standard setup. Normally, the researches of risk assessment were focused on contamination levels
in food. Therefore, the risk assessment of FCM was still limited and ignored in the points of source of food contamination.
Moreover, the distribution of melamine was found in hen tissue such as kidney, breast muscle, liver and thigh muscle.
The melamine aggregation in liver and kidney tissues exhibited a biotransformation of melamine into cyanuric acid.
Although the cyanuric acid was eliminated through urine, the lower eggshell strength, lower corpuscular hemoglobin
and higher red blood cell presented with intake melamine in laying hen [20].In dairy cows, melamine levels were
also found in milk and kidney tissue with fed melamine [21]. Therefore, the dietary intake of contaminated food may
cause the health effect. The aim of this research was to conduct risk assessment of melamine in foods as the result
of FCM migration. It is assumed that free/residual melamine in FCMs was fully transferred into foods and drinks. The
melamine exposure was estimated and the percentage of risk was obtained with different kinds of foods.

2. Experimental methods

2.1 Samples and sampling sites
The various Samples of FCMs were collected from local markets in 4 regions of Thailand: Central, Northeastern,
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Northern and Southern. The Central regions included six provinces as following: Bangkok, Pathum Thani, Nakhon
Sawan, Sing Buri, Saraburi and Lop Buri provinces, while the four provinces of Northeastern were Nong Khai,
Mukdahan, Ubon Ratchathani and Nakhon Ratchasima.Chiang Rai and Phitsanulok represented Northern and a
province represented Southern was Songkhla. The different types of FCMs were analyzed. They were dish, bowl,
cup, spoon and ladle with different shape, size and color as shown in Figure 1. The 89 of FCM samples were collected
during January 2013 to September 2019.

Sample sizes
— e bod B Ll

1 N B .
Bowl Cup

Dish Ladle Spoon Tray  Water Cup

FCM types

Figure 1. A number of samples sampling from local markets in Thailand

2.2 Reagents and chemicals
All solvents and chemicals were purchased from Merck with analytical grade i.e.glacial acetic acid, sodium
dihydrogen phosphate monohydrate, sodium hydroxide. Except for acetonitrile was supplied by Merck with liquid
chromatography grade. Ultrapure deionized water with the quality of 18.2 MQ+cm was applied as dilution and solvent
preparation. Standard solution was prepared from melamine, purity > 99 %.
2.3 Instruments and materials
All experiments were performed by using high performance liquid chromatograph (HPLC) with an automatic
injector and photodiode array detector (PDA). The chromatographic device was Alliance e2695 and 2998 detector
(Waters Corporation, Massachusetts, United States).The stainless steel column was Spherisorb NH, (250 mm x 4.6
mm i.d.) with a Spherisorb NH, guard column (10 mm x 4.6 mm i.d.) and all packings were 5 um particle size.The
extract condition was operated by thermostatically controlled oven (Binder Inc., Tuttlingen, Germany) after food
simulant was pretreated in water bath (GFL Gesellschaft fir Labortechnik mbH, Burgwedel, Germany). Balance
(Mettler-Toledo LLC, Columbus, Ohio, United States) and micropipette (Rainin, Mettler-Toledo LLC) were utilized for
standard and sample preparation including syringe fiters PTFE (Agilent Technologies Inc., Santa Clara, California,
United States). A pH-meter (Orion, Thermo Scientific, Mansfield, Texas, United States)was applied to control the pH
range of mobile phase. All glasswares were class A in Pyrex brand (Tewksbury, Massachusetts, United States).
2.4 Sample preparation
The test specimens were prepared as described in EN 13130-1. In summary, the sample was cleaned with
water; otherwise, the article was wiped with a lint-free cloth or brushed with a soft brush to remove dust. The 3% (w
v'*) acetic acid was used as food simulant and then the sample was warmed to 70 °c using water bath.Then, the
test sample was filled with enough volume of 3% (w v") acetic acid at 70 °C and placed in the oven for 2 hours. The
volume of food simulant was filled the full capacity of test article which was below 0.5 cm of the top. For ladle and
spoon, the samples were immersed in the warmed food simulant at 70 °C for 2 hours with the surface area ratio of
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100 cm’ to food simulant 1 dm’. In case of repeat used article, the experiment was performed three times with the
food simulant and kept the third time for analysis.

2.5 HPLC measurements
The measurement was a modified and validated method of DD CEN/TS 13130-27:2005. This HPLC was
equipped with the Spherisorb NH, and guard column which temperature was set at 25 °C. The mobile phase was
performed with acetonitrile and 5 mM phosphate buffer at pH 6.5 (75: 25). The isocratic elution was run at a flow rate
of 1 mL min™. The injection volume was 20 L. The photodiode array detector was set at 230 nm.

2.6 Method performances

The validation parameters were investigated such as linearity, range, relative standard deviation (RSD) and
recovery at 3 concentration levels. Their details were published in the Department of Science Service: Bulletin of
Applied Sciences [22]. The method validation was complied with EUR 24105 EN: 2009.All experiments provided
linearity with correlation coefficient (r) of greater than 0.995. The excellent accuracy and precision were obtained in
range of %recovery of 83.1 to 107.9 and %RSD of less than 10, respectively. The limit of detection (LOD) and limit
of quantitation (LOQ) were 0.20 and 0.50 mg kg™, respectively. To accomplish the reliable results, the FAPAS sample
was performed by PT program: Aqueous acetic acid 3% (w/v) test materials. Furthermore the LC-MS/MS technique
was compared for the melamine measurement and provided non-significant differences at p > 0.05, two tailed t-test.

2.7 Internal quality controls
All samples were performed with triplicate and the relative standard deviation was also obtained in acceptable
range as calculating by the Horwitz Equation.The spiked samples were also performed per 10 samples and recoveries
were calculated.The recovery acceptance ranged from 80-110% (EUR 24105 EN - 1st ed. 2009). The standard
check was injected at least per 10 samples to check the performance of HPLC instrument.

2.8 Statistical analysis
All statistical calculations for these experiments were completed by using Microsoft excel version 2010.

2.9 Types of plastic
Analysis of plastic types was carried out by using Fourier transform infrared spectroscopy (FT-IR) with Tensor
27 model by Bruker Biospin AG, Thailand. The sample was scratched on the contact side by silicon carbide sandpaper
or carborundum paper and determined at wavelengths: 4,000 - 400 cm™. The spectrum of sample was compared
to that of standard and interpreted the types of FCMs.

3. Results and discussion
3.1 Migration from FCMs

The migration of melamine wares were performed with various kinds of food contact materials such as dishes,
bowls, cups, ladles, spoons, tray and water cup. The total of FCMs were 89 samples from 12 provinces and kept
during the period of January 2013 to September 2019 which some provinces have limited sample availability due
to the sampling with different shape, size, and color. The details of sampling sites and melamine migrations were
shown in Table 1.All samples were manufactured in Thailand and imported from other countries, for examples, China,
Vietnam and non-identification.
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Table 1. Survey of melamine migration using food simulant (3% (w v'") acetic acid)

Melamine Migration (mg kg'1 food
Regions Provinces Sample sizes Averagi of Melamine Migration
(mg kg~ food simulant £ SD)
Max. Min.
Central Bangkok 39 4.98 +5.06 15.3 not detected
Pathum Thani 1 26.9+6.27 - -
Nakhon Sawan 9 12.9+9.23 234 not detected
Sing Buri 2 136.1+£138.5 266.0 6.10
Saraburi 2 235.2+92.9 455.8 14.5
Lop Buri 1 8.80 +2.62 - -
Northeastern Nong Khai 9 10.1+£3.32 13.8 3.20
Mukdahan 10 8.51+12.1 31.2 not detected
Ubon Ratchathani 4 18.8+7.55 18.8 not detected
Nakhon Ratchasima 5 2.60 £1.37 4.30 1.00
Northern Chiang Rai 3 10.0£6.01 16.6 4.80
Phitsanulok 1 not detected - -
Southern Songkhla 3 2.57 £2.56 5.50 0.80
Northern __Southern

Figure 2. Sampling proportion
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Figure 2 displayed the proportion of sampling sites which was related to regions. The predominant migration
came from the central area which was found the highest content in Saraburi province and the lowest in Bangkok.
Most samples of Bangkok were not detected from 34 of 39 samples (87%). In the Northeastern, the bowl sampling
from Mukdahan provided highest concentration comparing to other provinces in this region.The ladles and spoons
had provided the trend of the higher melamine content because the cut edge of test article would release the
contaminant during extraction time. Each sample was varied melamine contents with large SD which was not
depending on the source of sampling site and manufacturing. Even frontier areas which had high volume of sample
transfer from other countries were not significant higher amount of melamine i.e.Ubon Ratchathani and Chiang Rai.
The 47 samples out of 89 were complied with the specific migration limit of 2.5 mg kg™ as stated by the Commission
Regulation (EU) No 1282/2011.

100

u MF
mUF
= UF/MF

Sample percentage
ocb&88&8E8a88

Thai China Vietnam non-identification

Figure 3. The sample ratio with manufacturing materials and sources

Figure 3 represented the manufacturing of materials and sources. The majority of samples were produced by
melamine-formaldehyde (MF). The other materials were urea-formaldehyde (UF) and UF/MF. The UF/MF was
composed of two materials: urea-formaldehyde and coating with melamine-formaldehyde.Generally, the type of
melamine-formaldehyde (MF) was applied as the contact area to food due to safety issue. However, the plastic type
did not provide the relationship with migration amount of melamine as shown in Figure 4. The ladles provided the
highest melamine migration as previous mentioned in the range of 266.0 to 455.8 mg kg™
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Figure 4. Melamine migrations related to sample types and materials
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In another plastic type: UF melamine may be added as additive to make the material properties as similar to MF;
hence, UF types were also detected in table wares at 16.6 mg kg” food simulant. In this study, the average of
melamine migration was 13.5 mg kg™ food simulant for all sampling regions in Thailand since the non-detectable
(ND) and non-quantifiable (NQ) results of all samples were assumed to be LOD/2 for the ND and NQ proportion at
<60% [23].

3.2 Food contamination
This study was focused on the effect of melamine migration from FCMs; therefore, the melamine contamination
in food was assumed to be 100%. This assumption was the worst case scenario from FCM migration. Thus, the
average amount of melamine was 13.5 mg kg™ in food. This value was applied to calculate dietary exposure for all
food categories.

3.3 Dietary intake and exposure
The database consumption of the National Bureau of Agricultural Commodity and Food Standards [24] was
applied to estimate risk assessment using the entire data of consumption gathered during 2013-2015. The exposure
assessment was calculated with the equation:

Conc (mg kg™) x FC (kg person™ day™)
Exp = (1)
BW (kg)

Where Exp is dietary exposure (mg kg™ person” day™); Conc is amount of contamination in food (mg kg™); FC is
food consumption (kg person™ day™) and BW is body weight (kg).
3.4 Risk assessment
The risk assessment was performed by using tolerable daily intake (TDI): 0.20 mg kg™ b.w. day™ (6) as
following

Exposure
%Risk = ———— x100 (2)
TDI

The criteria of risk interpretation were considered by:

%Risk < 100 (or exposure < TDI): safety for consumption.

%Risk > 100 (or exposure > TDI): risk for consumption.

The food categories had been estimated on the risk assessment (Table 2 and 3) depending on the database
consumption. The estimation based on two groups: age of 0-3 years and more than 3 years old.
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Table 2. Food categories and risk estimation for age of 0-3 years

Foods with high risk
(%Risk > 100)
Food ) Foods with .
. Details ) ) per capita eater only
categories highest risk
percentile at percentile at
Average Average
97.5 97.5
- rice, powder and product
(steamed white rice, brown rice,
' . ) ) ) steamed
sticky rice, rice congee, mush, thai ) steamed white L
Cereal and ) steamed white ) ) white rice,
rice noodle, yellow noodle, ) - rice, rice - )
product ) o rice rice congee,
macaroni and vermicelli) congee, mush mush
- bakery and snack (steamed bun
and bread)
modified milk,
Milk and modified milk, milk powder, fresh milk powder,
ilk an
milk, sweet fresh milk and fresh milk - fresh milk, fresh milk all types
product i
fermented milk sweet fresh
milk
i ice cream with
Ice cream milk, coconut ) - - -
milk
) juice, soft
. . - ) soft drink, i
Drink and soft drink, juice, soy milk, green ) . . drink,
) } soy milk - soy milk soy milk )
beverage tea, instant coffee and energy drink soy milk
) fish sauce, soy sauce, pickled fish,
Seasoning Ketchup - - - -
ketchup
o o drinking o drinking drinking
Regular water | drinking water drinking water drinking water
water water water
Note: The “-* displayed none high risk foods or %risk < 100.
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Table 3. Food categories and risk estimation for more than 3 years old

Foods with high risk
(%Risk > 100)
Food Details Foods with )
categories highest risk per capita eater only
percentile at percentile at
Average Average
97.5 97.5
-rice, corn, powder and product
(steamed white rice, brown rice, steamed white
sticky rice, rice congee, mush, rice. brown
Thai rice noodle, yellow noodle, steamed ice s;ick ice
macaroni, spaghetti, vermicelli, white rice ricé conyee '
white bread and whole wheat steamed white | brown ricé mush Tha?i ricye
Cereal and bread) steamed white steamed rice, brown rice stick rice’ noodie ellow
product - bakery and snack (steamed rice white rice S 1. ¥ nee, Y
bun, sweet bun, salted egg bun sticky rice rice congee, noodle,

’ ' ’ mush, Thai macaroni,
donut, cake, éclair, crepes and rice noodle spaghet
deep-fried dough stick ) cre F;Sg our Yer
- fast food (burger, hot dog, i i’zza >
sandwich, french-fry, pizza and b
mashed potato)

) canned food (such as mackerel | canned food
Fish and .
and sardine), canned tuna and | (mackerel and - - - -
product ) . .
canned fish with chili sardine
fresh milk,
Milk and fresh milk, sweet fresh milk, resh milk fresh milk, sweet fresh
condensed milk, fermented milk fresh milk - " fermented .
product fermented milk . milk, fermented
and yogurt milk .
milk and yogurt
) ) coconut ice
Ice cream milk and coconut ice cream - - - -
cream
soy milk, soft
cocoa 3 in 1, cereal drink, soft soy milk, soft dr?/nk reen
INK,
Drink and drink, juice, soy milk, green tea, soft drink drink, green tea cc?ﬁee
beverage tea, instant coffee, electrolyte (cola) tea, coffee, eleyotrol tey
drink and energy drink electrolyte drink ) v
drink
- deep fried banana, fried taro
) and fried potato .
Thai dessert " fried potato - - - -
- fruit in syrup (such as banana,
pumpkin, taro and potato)
fish sauce, soy sauce, pickled
Seasoning fish, ketchup, chicken sauce and pickled fish - - - -
vinegar
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Foods with high risk
(%Risk > 100)

Food . Foods with )
. Details . ) per capita eater only
categories highest risk
percentile at percentile at
Average Average
97.5 97.5
Da Daeng chili paste and cris Da Daen
Curry paste g ) P by - 9 - - - -
catfish chili paste chili paste
Regular Lo L drinking Lo drinking o
drinking water drinking water drinking water drinking water
water water water

Note: The “-* displayed none high risk foods or %risk < 100.

For aged 0-3 years, there were the limitation of food types for consumption and among the all categories fresh milk
provided the highest risk at 97.5 percentile for eater only. Only ice cream and seasoning were safe to the health risk in
all groups of populations. Due to the high risk of drinking water, it has to concern with contact to melamine tableware
especially low quality of FCMs. Moreover the cereals, milks, drinks and beverages were provided high risk for more than
3 years of age at 97.5 percentile for both per capita and eater only.

When investigating by eater only for 0-3 years old, almost all of foods and drinks have to beware to release melamine
from FCMs due to their sensitive illness. Furthermore, there are limited kinds of foods and drinks including the large
consumption of milks and waters in the infants aged 0-3 years; the FCMs for them are required to be clean and safe. In
case of serious situation had been occurred from the intentional addition of melamine into milk powder [25] which would
be one of serious issues to manage and control. Normally, FCMs is ignored to beware; this risk would reveal a health
hazard which should be managed and avoided in the usage of improper FCMs.

The highest risk of each food category was plotted as shown in Figure 5 and 6. Figure 5 showed the risk assessment
of foods and drinks in each category and the higher risk was obtained by using average and percentile at 97.5 consumption
for eater only. The risk percentages of whole population were represented in Figure 6for more than 3 years which was
separated into per capita and eater only. All foods and drinks were estimated on the contact use of melamine FCMs.
Therefore the more contact time was applied; the more migration of melamine was detected in food.

g00.00 Average
for per
70000 + capita
|- Fercentile
600.00 - at 97.5 for
_— per capita
S00.00
" B Avernge
] |~ for cater
gﬁm.ﬂﬂ anly
300,00 ® Percentile
at 97,5 for
200,00 + = cater only
100.00 +
0.00 & — — — _‘_r =
Milk and Cereal and Drink and  lce cream  Seasoning  Regular
product product  beverage water

Figure 5. The estimated risk of foods and drinks for aged 0-3 years from the assumption of melamine contaminant in FCMs
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Figure 6. The risk assessment of foods and drinks for aged more than 3 years when the application of melamine wares.

Although various food types provided relatively high risk, generally the melamine compound represents low
toxicity. When it presents with cyanuric acid, the melamine cyanurate complex will form and give highly insoluble
property. The urinary tract would irritate and obstruct, therefore, kidney function has degenerated and occurred
renal failure [26]. Therefore, the awareness is required by manufacturer and consumer for health care protection.

4. Conclusion

The highest melamine migration of 455.8 mg kg was found in ladle sample collected from Saraburi province.
The average of melamine content was 13.5 mg kg™ for all types of FCMs. The risk assessment was found relatively
high risk in various kinds of food due to large amount of consumption. For aged 0-3 years, the highest risk was found
in fresh milk at 97.5 percentile and eater only, while ice cream and seasoning were safe for consumption.For more
than 3 years old, the regular water obtained the highest risk at 97.5 percentile and eater only as well as cereals,
milks, drinks and beverages. Therefore, the FCM applications are required to beware for the quality selection and
manufacturer.The low quality of kitchenware is the one source of melamine contamination and the consumer should
follow instruction manual strictly for the use of FCMs. The food types with high consumption have been concerned
high risk and avoid the food contact with melamine containers in order to prevent a health hazard.
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Method validation for migration testing of metals from plastic
food contact materials to support Thai export

Sar1es nadade’ | Tuimal nesda’

Nitchaon Pakawatchai' , Chinawat Tongchat1

UNARERA

muﬁﬁﬂﬁ’fﬁﬁmqﬂ@xmﬁLﬁ@mq@mumwﬁﬂﬁmﬁ%wmafm_lm3LLWi'ﬂsm’mﬁnm‘i@mmnwmmﬁﬂﬁ'ﬁlﬂuﬁmﬁur:Tzq
awnsluansazanennezinniesas 3 InanaasetFuinsnungssilouiandudaamslssnmnaiaAnueaunn
gl Ineinszisunoulany 9 afinlaun axgiifian (A) wuGEas (Ba) Tauaast (Co) naduas (Cu) Wén (Fe) Aiax
(Li) wannila (Mn) Bnia (Ni) waz anz@ (Zn) faawmaiiadusnina Astillanatani-eellfnea aRadu dulninsum
3 (ICP-OES) annsdnswudngaaaauiiludumsy (Linear range) 189n13naaauazgiliian WUEHN N9IUAS LGN
AdeN uNand way dang@ winfdu 0.0-1.0 Raansuseilaniy dusulaveasiasiinifadidasnanaududunseanng
NAAALIWINAL 0-0.5 WAy 0-0.1 HaANFNFRRIANTNANAAL ANTAATANITAIANT (LOD) 984 Brqiilen wiFes
TALeA NaaLAT WAan AaMay wuaniila dnifia waz denzd wihdu 0.027, 0.026, 0.014, 0.024, 0.025, 0.024, 0.035,
0.004 uaz 0.022 FaaniuseAlanFuANAIIY ANTAR1TANIIIAENLENNM (LOQ) T89asgRideN LUEHN NaILA
WAN AN wuan1ia waz danzd winiu 0.05 Raansusenlaniu z%mi‘“ufimumﬁumﬁnlﬁ@ﬁm LOQ winfiu 0.02 Way
0.01 Ha@nFusenlaniu Aua AL HAuLNY (Accuracy) WAz AMNLEN (Precision) NszAuanuidudi LOQ atflu
mmﬁmiﬂ@m”u‘llmﬁﬁiﬁfaﬂ@mmﬂ?mmnﬁuﬁu (% recovery) LmzﬁiﬁfammﬁmLuummgmﬁuﬁwﬁ (% RSD) 284
Taneiia 9 iinet] lutasiasas 97.0-103 waziesay 1.57-7.73 AINAAL

Abstract

This research aimed to validate test method for specific migration of metals into 3% (w/v) acetic acid from plastics
intended to come into contact with food according to EU regulations on plastic food contact materials. The test
method was developed using inductively coupled plasma-optical emission spectrometry (ICP-OES) to analyze the
quantity of nine metals, i.e., aluminium (Al), barium (Ba), cobalt (Co), copper (Cu), iron (Fe), lithium (Li), manganese
(Mn), nickel (Ni), and zinc (Zn) The results showed that the linear ranges of Al, Ba, Cu, Fe, Li, Mn, and Zn were 0-1.0
mg/kg while Co and Ni were 0-0.5 mg/kg and 0-0.1 mg/kg, respectively. The limits of detection (LOD) of Al, Ba, Co,
Cu, Fe, Li, Mn, Ni, and Zn were 0.027, 0.026, 0.014, 0.024, 0.025, 0.024, 0.035, 0.004 and 0.022 mg/kg, respectively.
The limits of quantification (LOQ) of Al, Ba, Cu, Fe, Li, Mn, and Zn were 0.05 mg/kg while Co and Ni were 0.02 and
0.01 mg/kg, respectively. The accuracy and precision at LOQ concentrations were acceptable corresponding with
satisfactory percentage recovery (% recovery) and relative standard deviation (% RSD) of all elements in ranges of
between 97.0-103% and 1.57-7.73%, respectively.
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Keywords: Specific migration, Food contact materials (FCM), Commission regulation (EU) No.10/2011, Inductively
coupled plasma-optical emission spectrophotometer (ICP-OES)
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1. unu (Introduction) . .
ussqAtusiansiumumddtyfegranssunanaisuilapluazdenan iasanninuihntlasiuemisainnis
duifeuuay \danan nauilas)aIndnIndan uananil miﬂ@mmumi@ﬂmmmmmmmmmmmwmu%mmw
wslnal¥idenTenaniustanei 118 mmnmmmLﬂuﬂ@wﬁwmﬂivﬂ@ummumm”lﬂnmwmmLLmﬂmqm‘mwu
AR T LAWAN ﬂ@@;uuma@nmfmmmimmgﬂmﬂummmmnwmmn esannanunsadiuusaanTRsng 7 284
Wmfaﬁnsl,ﬁmmvmuﬁ‘umﬂ%mu”lﬁdmimﬂmﬂ'dma‘lﬁmLwiar;mj Additives) inlannsnnauauasgLuuunisldmin
1913 lnAlug AlliitiunnazanaLneuazIandy Aag mu"l,mmmisn@mmawmmuﬂivmu (Ready to eat) AW
SuaznINTRANg | MALNNY mtmmmsmmmimmumu’lummiﬂuﬂamwm'mﬁmLu_m Take away box FRHK
mﬂmmwm@mnmmuLm@muﬂiwm‘wmq 7 aeinglafinnm il Luﬂuaﬁﬂmmmmummmm‘mi%mmmm@@umwm
mwlLﬂummﬂ?m@mmmmimmwmmmmwﬂ@@mﬂmmmuﬂmim Fatiu ‘wmmmmmwmmﬁn@\ﬂmmv
ﬂivw]ﬂ@\'i’a’aﬂﬂ{]‘iyn_lﬂllLL@yﬂﬂ‘!ﬂumﬂ?‘ﬁ\l’]EHﬂ’]i‘LLWiﬂiy@’]ﬂﬂ’ﬂ\‘m’li‘ﬁ]’]\‘i i LW@@Nmmm’mﬂ@famnﬂ‘lungm‘@m
avnmglanadunguilszmaniingsuideudiuanuaenisresiasgdudaduisenivluszduaina uazinetlasiu
fungeaInnIsLlnAeusninIsunInszateedlanzsig o andandniaanmsdszinnnaiafnasléiouninnet
FUUNITNINIZAN (Spepiﬁc migration limited; SML) In9lans 9 mﬁmiﬂuﬂgixlﬂﬂu Commission regulation (EV)
No. 10/2011 wazafuwA LAy Commission regulation (EU) 2016/1416 Waz 2017/752 &Tﬁmﬂ@mummﬁ 11[1-3]

A9 1 st ruelERIUNNsLNsNITAaNEa iz aeslany 9 1lia Andandndaenstssinnnanainanungszidauresanning sy

6] U INUUAMSTUNSNTEANLIILNIE (SML)
(RAANSNABNLANSNAIUITUIRRITREALIIRDILNURINNSG)
=
WiLFEIN (Ba) 1
TALaas (Co) 0.05
NAILLAY (Cu) 5
wian (Fe) 48
a a .
A (Li) 0.6
wian3la (Mn) 0.6
fanzd (zn) 5
a a
azgilan (Al) 1
UnLAa (Ni) 0.02

flagriuiuanampiianainsodnsziBunnlangls 1w ICP, AAS, ICP-MS, ICP-OES U@z XRF FIUNALAUAN

9

@ Aye Y o \ ! ' A Ay o ¥ o ] - v
dunianuazldiuatnaunivans IﬂﬂLLﬁl@”LV]ﬂuﬁN“lI@ﬁLL@""lI’l’]L'&EILL[ﬂﬂ[?]’Nﬂu AUNLAIMHNAZAANLATAIMNABINITUR

al

ENN3LAIZY nATia |CP OES LﬂummmmmmLm%ﬂ@muuﬂimfmm waugin LL@WNWNWiﬂQLﬂ?’]vMﬁWMVLﬂ

a
%

waamuummmmqLﬂumuﬁﬂmmqLwama faatinens\dnaiia ICP-OES lunsmaaeutBundansiiazaiaann
f’a”m@mmmmmmu Feng He wazAne [4] Anwnisunsnszansseslans 7 48n 1Hun azqiillon wuBen upaides
wan waanila Inmilen wazdanz® aanaunanadnaiin Polylactic acid (PLA) arinlngldaisazaiadnaaunuais
luarsazanansneriiffenas 3 Ngnmgi 40 avrizadea unar 10 Ju way 70 ayansadeaa uaan 2 Falug
LL%@ﬂﬂ@ﬁiazaﬂﬂiﬂf‘immzﬁﬂ?mm‘ﬂ@mﬁmm’%q ICP-OES WLNNTWNINIzaeaslaneiy 7 siaannaiunaiasn PLA
waldifiunouaiinuuaFunnanunsni3inalésedu (Estimated daily intake, EDI)
mejfmmﬂiyﬂﬂumim@mmmummmmﬂmimmm@mu AauANANINAAnendseenlliedelszmalungs
Wm‘w'ﬂiiﬂ AREMAALIAAANNADNWNITBIDTYY NINTNELIANARTLTNNG sn\'u,ﬂwmﬂgummiwwmmumm@uim
Linmasaudagdudaanmungseidey nnsgrunelulszmanazaeslszmagdn Aaldimuianaseunisung

nszaneaalanyiia 9 alaannwangRAnsaeALlA ICP-OES [5-7] hazaibiunisnsaadauminnlglauadianagatsa
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! pr o Ay v o R T o Y o o o
nanq e linanismasaunlaiacugnsies Widene Wuseniusaswnulssme sauiainanaauaiunsnaesiias
ddiAnssunmeaaeuAnaeniuvesianduldaanvng

2. 9amMsaas (Experimental methods)
2.1 patg
ﬁqraﬂ'ﬁqﬁsl,%‘l,ummmwaumm‘Lfﬂﬁm@ﬁ%mmu dwelidunanafnduiudndaavnsianedlanananns
WA (Low density polyethylene) inaauazanaialaensidinin o faadnl¥uu (Lint free cloth) wiatinlysn’le
TFauna N9 x 8179 WINAL 6 x 10 LEUALNAT AU 40 Faatina [8]
2.2 \nsasiauazginsol
2.2.1 A8 Inductively coupled plasma-optical emission spectrometer (ICP-OES) UFEN Perkin Elmer ‘:;'u
OPTIMA 8300

RF Power 1500 W
Plasma/Auxiliary/Nebulizer Flow 8/0.2/0.7 L/min
Plasma Viewing Axial view
nebulizer Concentric

2.2.2 gaulni
2.2.3 ldfussin Auaziden 0.1 Aafiums UTEY Binder $u FP 115
2.2.4 Tuladawn 1, 2, 3, 5 uay 10 Haamns duannImw A
2.2.5 NITUANANIWIA 100 AaAART TuAUNIN A
2.2.6 190 JAUTNIMT 2UIA 100 HAAART TuADUNIN A
2.2.7 naaanaaeanFanenlln 1 aduRIuANtnana x g9 Uszanns 2.5 x 25 uRwNAg
2.3 @15LAN
2.3.1 mmmmmmﬁm‘iwmzﬁué’wﬁq (Reference solution) 9 §16) THwn
1) A190ZANENINTTIURZQRIEN 2) A1TazANENINTTIULLEFEN 3) a19azaneInsgulaLeas 4) a1sazans
NIATFIUNDILAN 5) AITAZANLNIATIIUNAN 6) ANTATAILNIATIIUANEN 7) A19AZAENIATTIUUNINTTA 8) A19AZANE
NIRIFIUTNAR waT 9) ansazataN1nIgIudeInsd Ananidndu 1,000 Hadniusiedns Uy Perkin Elmer
2.3.2 ansaranaNnsgulanzazAud1ees 9 an audie 2.3.1 annuudindu 1,000 Jadniufedns 138 SPC
Science
233 m&mwﬁmnmmu TUAAUNINTLATIZN (AR grade) ALdndwFasas 100 138N Merck
2.34 mﬂmﬁmn"l@@@u Deionized water)
2.3.5 wiga1ineu wila High purity (HP) AaNLFgniiesay 99.995
2.3.6 whalulmsiau 9l Ultra high purity (UHP) A u13gnssanay 99.999
2.4 M niunu
2.4.1 mimﬁhmﬂuﬁuﬁuﬁ’ﬁuﬁum\i (Linearity)
ﬂ’]iﬂm:ﬂu"%vﬂﬁ‘umu’%ﬂmﬂ\iﬂfl’mL‘JJ‘LALZ%‘L&[}’IN‘?J@QH?WWNWﬁli‘ﬁ’]ui‘yWJ’Nﬂ’]ﬁ'ﬂm"ﬂmm\‘i (Intensity) fUAN
Anudindumedanzusazaiinanaianislfenae s eies wmm«mmﬁuﬂimmwﬁuwmﬁ (Correlation coefficient, R?)
189n91WNM3g11 Ineidn R fiaslalifeendn 0.995 IﬁmLmﬂummmwmmgm‘tammmmw 2 InesTanansazane
W n3gluaadnffuinsaunn 100 dadns NENUNTRIANEZRA WAz TaTazanenIAlumINToEaT 10 LATANa
paeinlsAannlesy
2.4.2 MIIMNANTASIAANITATIAUILAZTASAANITTALBNL
ANIMIANTAIAANITAIIAU (Limit of detection, LOD) LLm%ﬁﬁmmﬁmﬁmm (Limit of quantitation,
LOQ) ﬁ’w’faﬂﬂmemagmmu Technical guideline 184 EU [9] ﬁﬁ"l,é’lmm%\msmmmgm (g'ﬂﬁ 1) fingl Spiked sample
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dl 1 ¥ o dl o ¥ v 91; o o/
blank NATALANTINITIENN 5 T2 (AINA1999 2) seAtANdduaY 3 41 AMUIAAFALNY (Intercept) AN
ANN1TY = ax + b LAMNAT b mﬁmqmmulﬁmmummgm (S,

td' v v dl v al
ANTNN 2 ANNLTNTUABRNANTHN ﬁ]iﬁﬂuiﬂﬂ:ﬁﬂi‘ﬂLﬁ]i‘EINﬂi’WWN’W]Tﬁ’]u

FTALANNITNIY (NAANSNARART)
WIAN o = -
azafiflan wuBaN Nasumg . o a
Ve oa o TAuaas Anna
WUAN AlEN wazdans®
ANIRTAELLAIA (A1FATAENTABLTAN
v v v 1 - - -
AN duTesas 3 unafatFuImg)
arsazataNInsgulanzaIni 1 0.05 0.02 0.01
arsazaraNnsgulanzeand 2 0.10 0.03 0.02
a1sazrataNInsgulanzaIni 3 0.30 0.05 0.03
arsazaraNInsgulanzeand 4 0.50 0.10 0.05
a1sazaraNInsgulanzeanad 5 1.00 0.50 0.10
intensity
L ]
: y=ax+b
:
35 !
b
Lo Conc.

771 1 mamdadnianismsaannlneldnsmlunmsgau

TPAAANIATIAUIAUIIANGAS
LoD = padindu ey = 3,
\le 8, = Standard deviation 784 b .
b = Intercept = Intensity LUWLNW Y WaXx=0
IAINAAN1TTALBNDL ANatann LOD M1 Guidelines for performance criteria and validation procedures of analytical
methods used in controls of food contact materials 489 EU [9] a1ngm?
LOQ = 2LOD
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2.4.3 mﬁ‘mmmmmmu@ mmLmummq'ﬁmm@ummmnmﬂ’mmﬂ?mmmmaﬁmmu
wmummmmLL@vmquLmummmﬂmmmm‘iﬁmmmmm@wmmu (LOQ) mm@mvmmmmummmu
ANWNS (% RSD) uariasaznIsAUNAL (% recovery) AMNANAL ALATUIDIANERS

SD
%RSD = —— x 100
Mean
Cc-C,
WAy % recovery =
Cspwke
y v o o v .
e o, = Anududuineasuléves spiked sample
c, = anudnduresitetnaEusiy
Core = AMHTINTUTRIANTHIRITIUTRN

244 mi‘mm'f]mmmmLﬁmu,@vmmLuiummﬁﬁqamﬂ%\mu (Working range)
memm”mmmmﬁm‘l‘,@wmmu 3 s¥ALAD A1 NANS WATABITINITIHY FNANTAZAUNIATFIY
9907 1 1907 3 1907 5 V0IANINT 2 svsuAudnduaz 10 sm ”mem”mﬂmmmu‘lawmmumqmm 30 mm)
Lmummv@wmmﬁmiawu,mvmmmiumammm@@wum@mqwmmmn 210 6 x 10 LIUALIAT AWATUALI 30
vaan 111N 60 asAmalTes Wuan 10 u wdathlAwazvivniBunndanzaiingng o foaieses ICP-OES
ANKNANNTALATIZHARELATES ICP-OES @an1saulasusagannfaaniuseansiiulaaniuseilaniu
mmmwrmLmummﬂmmugﬁmmgm EN 13130-1 [8] IAEIATUALAINATAINNTINA N (Specific gravity) 284N
sPzTRNFREAY 3 WAL 1 A9t 1 ART A9WinfL 1 DlanFuanTazanefaunuenis
2.4.5 nsiszannianAanslainiiuuey 3
natlszanniinaulaiuiuenaeinimmaaaunisuninszataredlanzia 9 1in andandudantvslsznm
nangRnAag ICP—OESII%'E Bottom-up approach AN GUM [10] Iagisq LN unasninuaas1mins llniuauldnasng
wNunRAelan Asgin 2

Sample  oah standard
pram— Ll
flask

cylinder cal. curve
Ppet Al, Ba, Co,
Cu, Fe, LI,
> MI‘I,]‘FI Zn
{markg)

repeatability termp

cal

precision oven

UM 2 unaanunzesAAnliLinen
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3. NAWAZIANTDE (Results and discussion)
3.1 HAMSMIAIANNANNUS LT LA URTS
HANNINAABLANMNANALST A URTNTasasgliuN LUGFaN Naewn AN A waenda uay &inzd Tudos
audindi 0-1.0 Hadniusienianiu InawdunansnIngIUnANTRRZ e LLBHN NBILAT AN REN wian1Ta
waz danzd Willsunm 0, 0.05, 0.10, 0.30, 0.50 waz 1.0 Hadniusenlaniu wirenaisazarsumsgulaueas lu

dogmannidndy 0-0.5 RAadanFusenlansu 15w 0, 0.02, 0.03, 0.10 waz 0.50 Radaniusenlaniy LaziAzew
a17azanaN1ngguiniaa Tudasanudndu 0-0.1 Nadniusenlaniu 15110 0, 0.01, 0.02, 0.03, 0.05 k@ 0.10
ummumrﬂ@mu wdnbldafwnsmuansaauduiugszndedianuduuasiuliinndanenud A dusedng
avduinsansynanneglugee 0.9994-1.0000 F911nNNI1 0.995 fwmminL@anmqmﬂmmwmmmmummumvmm

FAAN9799 3

S P , o
A1399 3 deanNidudulas N IEeu

a1 daapNLT NI daepuidndumsldau AdNUseANBausNANS
(RaANTUABNLANTH) (RaANTUABNLANTH) (R?)

pzgiilan 0-1.0 0.05-1.0 0.9999
WU Fe 0-1.0 0.05-1.0 1.0000
TALARE 0-05 0.02-0.5 1.0000
NAILA 0-1.0 0.05-1.0 0.9998
&N 0-1.0 0.05-1.0 0.9998
Afien 0-1.0 0.05-1.0 0.9994
waanilg 0-1.0 0.05-1.0 0.9997
Aniia 0-0.1 0.01-0.1 0.9998
Fanzd 0-1.0 0.05-1.0 0.9996

3.2 N@m?ﬁﬁ‘ﬂﬂ‘?'}ﬂﬂm?ﬂﬁ‘%‘a%ﬁLL@u‘HﬂQﬁﬂﬂm‘a"Jﬂﬂ%N'}m

mnmmmmmﬂmmmuma Spiked sample blank wmmmwmmﬁﬂnmu 5 9¥mu mumm‘w 2 9¥FUAINH
sz 39 aN19I0@3L AN LOD wazen LOQ mnmammm”l,mmmmw 4 Tp8An LOD 284lavizi 9 niina Lo
0.004-0.035 m@mmmn‘ﬂ@mu wazAn LOQ atfludae 0.008-0.070 Haaninseilani
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A3 4 NANIINAGALINTAINTANIIMNTIANT (LOD) wazdndnfinni1sdmnnnm (LOQ) NlFannnisAiuans

gt} o op L ee
(RNaanFNADNLaNTN) (RaansumAaniansy)
prgiity 0.027 0.054
RGN 0.026 0.052
TALaAE 0.014 0.028
NBILAN 0.024 0.048
WAn 0.025 0.050
Aufen 0.024 0.048
waannila 0.035 0.070
Hnina 0.004 0.008
fanza 0.022 0.044

atidlsfiniu A LoQ AikuanilldmmnzaniunstfiFeness Asimund L0Q lnidieliazaanluniswien
mm:mﬂmmiju‘ﬂwmﬁm&m *| (Metal standard solution) LL@:mﬂaﬂmmmﬂLﬂmﬁ(\{olumetric pipet) ATzAUAINN
dinduniumnsed 5 wasinnisigaianuiasuazanuuiunandudusngs Inenszduanudndu 1 Saani
Alaniu (1 ppm) Amualsidn % recovery agflutneiaaaz 80-110 Lag % RSD 134'1,?]14%’@%3 11 [1] mnigaduaony
1/ LOQ Nfvuadananadeldiimnuiiesuaranuuivasiinssiuanududuiennaadianisinliunnignsies
sialy wazvinnisigailludaundiagldammunzanuazegluinusfaaniy

R399 5 TARNTANIIM9939 (LOD) WazlndianadaLsunas (LOQ) Annuualud

816 a _a VLO.DA @ a a VLO.QQ @
s (Raansusaniansy) (RaansuAaniansy)

azgiit 0.027 0.05
RITELLY 0.026 0.05
TALDAK 0.014 0.02
NAIUA 0.024 0.05
Wan 0.025 0.05
RIS 0.024 0.05
waannila 0.035 0.05
Hunina 0.004 0.01
danza 0.022 0.05
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3.3 Namimmmwmmua“mwLmum'amﬁwm'auwmmmﬂmmeqmﬂ?mmmmqﬁwmau (LOQ)

A1NA1 LOQ wﬂiﬂuﬂummw 5 mmiwmummmmLL@vmwLLuummfsﬁTmmawmau Spike sample '1/1
FAranudnduwinty LOQ [7wan 10 €1 Wmmﬁmmui@m 9 mtnlAun azgiillun uuizen Tauaas nouns Lmﬂ
AdeN wuanila Anna wazdans@ § %RSD Lﬂua‘@mw 3.4,8.7,1.6,27,26,75,6.1,7.7 LAz 5.9 AnuaNGEL Flal
WnNnInFeaas 11 ANNATNNTHANTL LasAeatFatav FunnnduAlans o fﬁumﬂumamamuimmmfamv
80-110 fauanslunisned 6

R399 6 SesaziBunanduAulansasanimagaey Spike Sample A3vdu LOQ

.4 sasazaaslSununauAuaaslans
ASIN
Al Ba Co Cu Fe Li Mn Ni Zn
1 102.0 100.0 100.0 106.0 108.0 102.0 96.0 110.0 98.0
2 106.0 96.0 100.0 104.0 104.0 110.0 94.0 100.0 98.0
3 98.0 96.0 105.0 104.0 104.0 110.0 92.0 90.0 94.0
4 98.0 94.0 100.0 102.0 102.0 110.0 104.0 100.0 90.0
5 98.0 96.0 100.0 104.0 104.0 110.0 90.0 100.0 94.0
6 104.0 96.0 100.0 102.0 104.0 94.0 106.0 110.0 108.0
7 102.0 94.0 100.0 98.0 102.0 94.0 102.0 110.0 94.0
8 96.0 104.0 100.0 100.0 98.0 96.0 102.0 110.0 106.0
9 104.0 102.0 100.0 98.0 100.0 96.0 104.0 90.0 94.0
10 98.0 94.0 100.0 100.0 104.0 94.0 106.0 100.0 94.0
Mean + SD | 100.6+3.41 | 97.2+3.55 | 100.5+0.10 | 101.8+2.74 | 103.0+2.71 | 101.6+7.59 | 99.6+6.02 | 102.0£7.89 | 97.0+£5.75

3.4 HAMSUIAIANNAMNLTEILAZAMN LN UTBIE29mMS ldanu
nsAnEANAInIzzeisnMImaasLianyuietenaasn Ineinansazateinsgulane liun azqfies
LuFEN Taueas neeund wdn Aan waeniila dnifa uardaingd S1uau 3 swmummmmﬂumamawmmmn An
ITAUAI FTAUNANY 9TALEY 223T99n s FunsnNImsgIL wodd FunadiAundureslanyia o PN E I
lusnagnananamn umfagiummmﬂ@mu ﬂ@@giumqﬁfam: 80-110 [11] Tneiaunsnagyl Aamnanem 6

A3W7 6 agUFeraz FuNnNAUNAL (% recovery) TadlansiFinlusinatnaiszduAN (Spike 1) 3vALNAN (Spike 2) LazIzALAS (Spike 3)

Spike 1 Spike 2 Spike 3
msa::az['m ANLT U AN UL AU
RTINS (Ha@nsNeia | % recovery = SD | (Na@ansuma | % recovery = SD | (a@nsuma | % recovery = SD
TLansu) Hansu) lansu)
ﬂzz_}ﬁLﬁﬂN 0.050 100.6£3.41 0.300 100.6£3.17 1.00 99.8+0.73
LLLIG‘F_IJJ 0.050 97.2+3.55 0.300 100.8+0.36 1.00 99.4+0.55
Tauaas 0.020 100.5+1.58 0.100 99.8+0.42 0.50 99.3+0.71
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Spike 1 Spike 2 Spike 3
fnsazand ANLTUTU ANLTUT U AN U
Wssulanz | s a o o a & o 4 a & o 4
- (Naansuma % recovery = SD (Haansuma % recovery = SD | (N@a@ansNma | % recovery = SD
Nansu) Nansu) Aansu)
NBILLAY 0.050 101.8+2.74 0.300 98.9+0.85 1.00 102.9+£0.75
Wan 0.050 103.0£2.71 0.300 98.2+1.10 1.00 100.7+0.83
Adew 0.050 101.6%7.59 0.300 97.8+2.78 1.00 100.940.73
LN 0.050 99.616.02 0.300 98.5+0.96 1.00 101.2+£0.75
{nifa 0.010 102.0£7.89 0.030 100.3+2.92 0.10 100.9+1.20
fan=d 0.050 97.0£5.75 0.300 101.9+1.63 1.00 101.1£0.80

3.5 msuszanuAANliwUuay

AINHAN1INAABIEINNINUsTINAIA N [ LLauIaIN MAdeUNTTUNINITAETasTany avgRifln uuFes
Taueas nesuns win Adien uueniila 3nifa wazdenzgd luansazanensnes@finiesay 3 Imﬂm@mmﬁmm piael
A RUANTIN Aldlananaun-eeifnea aladu ailnlnfimed fiAnAnnalduriuenaenefissfunnudesufonay 95
(k=2) 1&&amnsned 7

M97 7 A nliniveuTeIn mMAaeLMINNTUNINITANEeerglien wuFaN Taueas neswnd wdn AWen uxanntla Tnda uay

Faned luasazanenInesdnniesas 3 (wh)

. Ue oxpand A linuuauraims
. (HaANSuARNIANSN) (RadnsuARNlansN) Naga (NARNFHEaNIANGH)
avgiilen 0.0044 0.0088 0.01
wuiFEw 0.0025 0.0050 0.01
TALDas 0.0014 0.0028 0.005
NBILLAY 0.0031 0.0062 0.01
Wan 0.0030 0.0060 0.01
Adew 0.0048 0.0096 0.01
waanila 0.0034 0.0068 0.01
dniia 0.0009 0.0018 0.005
Fan=? 0.0040 0.0080 0.01

4, 'M‘ﬂ (Conclusion)

annsdnanNlilfredinaaeunisuninszareredanyluansazaransneiin feuas 3 InsunasieiFuimng
Farnasasdusniin Alidananaan-eadfeea BNadu mﬂn‘lﬁmmmmImﬁmm@@@mmmwmvmwvwmemwmmq'ﬁ
nAAay LAWN ANANAUSITLE RS mmmmﬂmmimmmLLawmmﬁnmmmmﬂ?mm NNIUIAIANHANHITIENLAL
Auuaiiaestaenislden woduiulmanoeiiouus Sanuiesuazanuudunaantaenislden uaziidiany
Tdurueurasanmeaaurasusiarang Lifiufanas 20 [12] 8n1mmasauilitunimmageuanuldliteds danu
winnzansianstin U IR faiu Feel fiFinisainnsatiisdainanannldnaaeuinisunsnszaaveslansluans
azanenInayinn feuay 3 lnsusasiaisunasls
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5. nemnssulszma ,
rereuAUfisALT LAz AaNsquEnaaaLiandudaansreenideu nauinanmaniiiinig Nresaliuayu
wazliAuuzin vinliinsandunulusfsidsanndnglszasd
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Development of automatic meniscus

adjustment instrument
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Abstract

This research is aimed to develop an automatic meniscus
adjustment instrument. Its structure and computer software
for system controlling are designed and constructed. This
designed instrument is equipped with three main parts. Firstly,
a pipet holder set is designed for holding the pipette with
nominal capacities in the range of 1 mlto 100 ml. The speed
and the movement in up-down direction are controlled by
motor. Secondly, the set of the liquid suction and release
system is the part controlled by the water pump connected
to the computer programme and linked to the digital image
processing system in real ime. Thirdly, the microscope holder
set is for holding the digital microscope device, which can
move in X y and z axis directions. Our computer software,
named as DSS Pipette calibration, is also specially developed
to control the entire system of the automatic meniscus
adjustmentinstrument. It efficiently works for operating activities
such as the motorized adjustment of the pipette position, the
pump controller for suction and release system, the presence
of the real-time image processing on the computer screen to
view the meniscus, and the meniscus adjustment at the
graduation line.

The performance of the automatic meniscus adjustment
instrument can be examined by the actual volume determination
of pipettes. The results obtained from using the developed
device show the better measurement accuracy and precision
when compared with the result obtained from using the
conventional method. This tool also plays an important role
in reducing the human error from meniscus setting at the
graduation line.

AdnA: NMslfusyaumbana mnuLdunnadn Auesnein
Keywords: Meniscus setting, Measurement accuracy, Measurement precision
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3.2.2 Tumﬂfmmmmwﬁﬁ‘imﬂmqmmﬁ?‘i@ﬂiuﬂLﬂmﬁﬁ@ﬁm%ﬁrﬂ?”ﬁmmmm . .

mumwmuﬂmwmmwﬂmn@mmmiu‘lﬁmm‘lﬁmﬂmLL@mmmmu Real-time @ailuginsninanidndy
Tuemided feldenanwiauenBunnsresilng WATANANITRNANATY 2 1sznng Ae 3

- {dm3n1saEnenInNgeiis 200 win mﬁummmmmaimm 1,000 wi1 atnglafinn lunnsideild
Uszanns 20 Wi TafieaneiuANsianig

- Lm@umnummwmmﬂmm Mg rn@euldsinsusesfy WAZLAAININLLL Real-time

mLmem@mmymiﬂﬂmmmmumsmmm‘wLmumm?ﬂ Lmumw”l,mwmmiﬂmmummumL‘W@
19uananInuuL Real-time mmmummmmnu‘lﬁﬂil,miumLi@iﬂmmmww Tﬂfrl,l,méumﬂmfm'aﬂslmmmmlu‘ﬁﬂﬂ,mw
DSS Pipette calibration LW@mumumimmummmmmemuwumwimmﬂLLuu”lfﬂummmﬂimmuluL‘}JuLmu
A6 1WA (Fully automatic system) Tmahmm@ Image processing mﬂm‘wmﬂmmu Real-time

3.2.3 TNRAAILANTBAUNAT TIFUML Meniscus

Lﬂu‘iﬂmmwmium@mimummmmmﬂ@@mmmmmﬂﬂu LL'Z\I"’IN@@H’]?LL@NJY]W'JﬁI@T@x‘i“ﬂ@\‘lLM@QV}
@ﬂsluﬂLﬂmmLWﬂ‘lmmmmmvmmmmmmmm‘luma‘mmu ﬂ@ui%‘ﬁﬂiLLﬂ@uﬂ@ﬂu mmLa‘mqnmhﬁmmmmmmquﬂﬂmuﬂ
mummuanﬂ?wmwmmmmaumﬂu u& il sunsuelaeEusine Ndunaueednsyina mmmumwiuiﬂw 5 Aail

1, mq@mm‘ﬂnwwmmmm‘l‘mumwim ’mew’q’umﬂuumm Nauns 2 Auaestilnst

. 2. Aunamsnumlia Pixel Tunianny x Ingiadeann Pixel 1eidunssfiaansia 2 daestialng 718w

wzaaunngly ‘ .

3.fvuasuid Pixel Tuuiaunu y suflusdundiesssiviFuinmdeanisaeuiiey Inaanadunss
‘Luumavmum‘ﬂmwﬂmmm

4. Lmnmﬂﬂmiummu azdasndsliduseenavaaananntiulas

5. mmmmﬂmwmnﬂ@mqm‘i@ TAeAIATEFLI Pixel 189 Meniscus ROlULUILNL X LAY y Toel
Pixel TULWILLNY X mﬂr;m@mLmHQﬂuwimﬂquqmlumﬂ 2 dauAn Pixel TuluIaunu Y, Azt Faufeuiu A1 Pixel 7
fnuunldlude 3 WelAnieandn ﬁmvmmmmumaﬂmmmmmmaiﬂ wAladAinfwiTeninngn Tulsunsu

wmluﬁwgmmmu Wi@muuumgﬂmwmmﬂmmmwml,mmu
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3.2.4 Tuganiraupustumisrestulnsisaaneimnas .
m‘mm‘wmmuLsnfaa“tfm'al,mmmmm 100 381 wmmmmwaammmum meLmaiuuu@‘vmmﬂmmu
nalAeuILYEeadld mi‘m\‘imﬁu@\ﬂ'ﬂimemﬂuLﬂﬂﬂmmﬂm 6 Tmﬂiﬂmmmummﬁ\‘imimumummmmumq
dnel RS232 Tnadelelinn$m Arduino Uno daz LLﬂmmmmm'ﬁfLﬂmwm L@ﬂm@uﬁﬂmmmummmImfﬂmmmqm
Waddunames LL@vmmsLuﬂulﬂjfaﬁfﬂmmismLﬂu@ﬂmmﬂmuummﬁmmq

s iruRumwrirestiln Aumuemed

}7 dayamidanIum mo RS232

Arduing Uno
TRIA “lqw“lﬂﬂ{
o vwdyywiad
mad T lasaed

v

wmafluawed

A o ° \ = ey -
g‘ﬂV] 6 WALLAANNITAIL @Nﬁl']LLMLL\?‘II’Nﬂ wasfosuapas

3.3 Nama“wmaﬂuﬂsvﬂwﬁn’]wm'ﬂwmmuﬂumsﬂiuevm‘uLuuﬂﬂmmu’ﬂrﬁﬂ:uum
ﬂ’]ﬁ‘V]ﬂ@‘ﬂUﬂi‘”@V]ﬁﬂ’]W’ﬂ@dLﬂ?‘ﬂ\‘iﬂﬁ_lﬁ“”ﬂ‘i_lmu@ﬂ@LL‘LILI‘ﬂEﬂILLNM Vl’]ImEIﬂ’]i‘uﬁ Lm@\m@mnmquﬂﬂum”mumi
Zﬁ@‘]_ILV]EI‘LILﬂ?'ENLLﬂ’] LW@‘VI'W’H‘LE‘N’]ﬁ]?ﬂﬂﬂuQMM’]ﬂ’]ﬂ?‘NﬂﬁliV}ﬂﬂﬁlﬂﬁ 37 ﬂmﬁnumm‘w 20 ’mﬂ%sﬁ@lﬂm@ (Volume at
the reference temperature of 20°C) mmﬁmmﬁ’m

m’mqﬁ 1 LAY 2 WAANATNANITIALFNIMT (AINANTIREN 5 AS9) wazA1AH llwLLeNa8IN13TARINN1TEaL
LV]EI‘J.WJ’NLM’Nmesﬂl,ﬂmml,‘uu Volumetric plpette WAy Graduated pipette ‘Emﬂmmwmumﬂmmuﬂnmmvmﬂm
\A09F LT ALINTIAAT B9N99T 1 LAY 2 Tias L‘i_l?éﬂummunummq@\immﬁmmnummmmimumﬁmmmﬂ
DAKKS

P o X X X sy a P o o P P v Y a '
719797 1 wan1ia voiumetric pipette TaeldAsuuunfiuaznsldindesfussiumiiada WiauieuiuAdndamnasmgiuanuiasny
AlFFuN35uI8997N DAKKS

AraINuUaEuilAsuMsSusas - A uamsdauiaulnalneldinias
namsdautiaulnedslng e o
Q1N DAKKS dsuszmau
AUIAAINY
Aaaa sanAnNly Rl LR P Y sanAnNly
(Waaans) dsums . dsums , d3ums \
o aa Luuau o aa wuuau o aa Luuau
(NARARn9) A _aa (Haaamng) a aa (NaRang) A _aa
[ECERIEZE) (NRRaRng) (HRRARS)
1 0.9975 0.0015 0.9991 0.0020 0.9963 0.0020
2 2.0025 0.0025 2.0031 0.0020 2.0021 0.0020
5 4.9980 0.0021 4.9989 0.0024 5.0000 0.0024
10 9.9992 0.0031 9.9969 0.0030 10.0029 0.0030
25 25.005 0.009 24.9968 0.0050 25.0127 0.0050
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AraNMUaguilAS UM U o PO namsgauiigulnalnaldindas
namsaauLiaulaedglnd . o
911 DAKkS dsuszaul
TUNAANNY ) ) )
soaa =ArAdly T R P PY LT DR Y
(Haaans) sums . d3ums \ dSums .
o aa wuuau o aa wduau ~ ma wuuau
(Radans) o aa (Rafans) o an (Rafans) o an
(NadAnNg) (Radans) (Radans)
50 49.999 0.010 50.0204 0.010 49,9872 0.010
100 100.014 0.014 100.0501 0.015 99.9948 0.015

mm\m 2 uan199m Graduated pipette Iﬂﬂi’ﬁ')ﬁLL‘U‘UﬂﬂG]LL@Vﬂ’]?sLﬁiLﬂ?‘ﬂ\iﬂ?ﬂi‘vﬂumu@ﬂ@ L‘lﬁl‘il‘i_lm?_l'i_lﬂ‘i_lﬂ'\‘r]Nﬂ\‘m’\ﬁli‘ﬁ’]u@’mﬂu’lﬂ\ﬁu
Vliﬁﬁ“llﬂ’\’i"i"i_lﬁ‘ﬂ\‘i@’m DAKKS

AaMiLEuTilasUMesusas - s a uamssauiaulnalneldinias
wamsaautisulnsdflns e o
7N DAKKS dsuszaul
AUIRAINY
a4 sarANly T R P BY sanAnNly
(Haaans) Usumg . d3ums \ dsums .
o aa wLuuau o aa wuuay o aa wLuuau
(NARARMT) A aa (NARAMT) A _aa (NaRang) A _aa
(Nanamnsg) (NRAaRns) [ELERIEZE)
1 1.0003 0.0012 1.002 0.0040 1.00025 0.0040
2 1.9999 0.0017 2.0023 0.0040 2.0021 0.0040
5 4.994 0.005 5.0028 0.0060 5.0010 0.0060
10 10.021 0.009 10.0331 0.0060 10.0282 0.0060
25 25.012 0.016 25.0373 0.012 25.0316 0.012

3.4 3150iNamInNAsaL
m@ﬂa‘umummmrﬂumﬂ‘uﬂLﬂmmmmqma‘hfmuwﬂﬂmLL@Aﬁm?‘lﬂjmeﬂimvmumummmium wBey
wm'ummmmnummqmmmmumnuuqmqumimumﬁmmmﬂ DAKKS (AN37471 1 1z 2) umﬂgummﬂmﬁmi
Uszillunalaaidanld £, number [19] wmmmmnm@mai;mwN@mmm'ﬂwmﬂgummmummqm W9hae9IN
NaesrasnaTyindiseszesA N liniuauiszAuauTeduianas 95 vaiastiRnsuazaAdneds dauandlu
ANN1IHIUAN9T
x—X

En = fz=1
Vi + U,y

Wa X Ao nanneinvestieslfifnag
X  Ae Ae1989 (Assigned value) aniaatlfjiiRn1eeneds
U, #a Arponulaiutivausastiest fifinsiissduannuidesiuiosas 95
U, 7o Arpuliuiiueusesdndsaanssfuanudeiuiesss 95
dusuinnusinsLlszidiu E, number gl
i |E | <1 LL@ﬂd'}’m@ﬂ’]ﬁ‘@’auLV]EI‘J.I@‘F;II“LALT]M“V]WEI@N?UVL@ (Satisfactory)
& |E | >1 memmmimumﬁﬂmﬂummmmmmﬂm (Unsatisfactory)
m@m?ﬂmmu E, number A1nA13747 3 WAzl 4 wudn nan1edathilnd unedaetelsan [E | > 1 leldna
UnAgeuiiiay mimﬂummmm@muim u,mLufammmauwmumfamqLmﬂfmuimﬂhlmfaqﬂim"mu’am‘lluum WU
A |E | <1 me\mN@mmeumm‘uLﬂumuﬁwa%faglummmm@ui‘]ﬂm
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4 . o 4 o . - v A e e e em
A13797 3 A1 E, number 1895792119 Volumetric pipette a1nans1shi 1 annisaauifisulaeldisuuuiniuasldiegecfussiudnluds
WiruWeniuAgsBemnmsganuae Wi liiunisiusesann DAKKS

E,, number ( |En| )
AUINAINA (NARART) )
Tne3sing TneldinTaslsuszau
1 0.64 0.48
2 0.19 0.12
5 0.28 0.63
10 0.53 0.86
25 0.8 0.75
50 1.51* 0.83
100 1.76* 0.94
WNNEME * MsnBDe A |En| >1

AN397 4 A1 E, number 193628819 Graduated pipette A1n51379% 2 annsasuiieuiagldisuuudnfuasldiaTes s Audniuds
WiruWeuiuAgsBesmsganuaeuiliiun1siusesann DAKKS

E,, number ( |En| )
AUIAANNY (NARANT) .
TmeRgUnR Trneldindaslfusenu
1 0.41 0.01
2 0.55 0.51
5 1.13* 0.90
10 1.12* 0.67
25 1.26* 0.98
WN"RME ¥ ANETe AN |En| >1

@’]LWWVIV]’]Smeﬂ’] E, number ﬂﬂTuLﬂmmmiuﬂ@muuumwLﬂmmﬂmmmmmm‘wmmmnmiﬂim”mumwm
Meniscus mmumﬂ?‘mm ﬂ"lﬁ‘ﬂ'ﬁ]‘]_lL‘V]F;I‘LILL‘l_J‘]_lLﬁuuuﬂﬁ“]%ﬁiﬁfl\lﬂ{]‘]_lI?N’Wuﬂﬁ“]JT“’mJV]ﬂ\‘iu’m\‘iﬁi’ﬂE]"Iﬂ’)"l‘ﬂm‘l_l'ﬁmlﬁm"ll}]ﬂ‘
NN@V]’]IHH’]?’]WE‘N’][?]?"H@Q‘]JLﬂﬁ]ﬁ]NﬂW@ﬂﬁ Lmeﬂmmﬂim”m‘u'am‘lluumu@”uﬂmwmﬂmﬂ‘lwﬂgummmumw
V]@\‘I“LA’]‘]J@L’QHEI\‘I“II‘LA mummﬁmmﬂmm ARANAAIALAARNANNNNTTATIUATE ] AT mﬂmnmmmmmlummmmn
faTu mﬂuﬂuvl,m@"mmmmLuummmu (Standard deviation, SD) ‘llﬂ\‘iN@ﬂW?"MlW?ﬁ?’N‘Vl 51Ua¢ 6 VILL’Zﬁﬁ\ﬂﬁmu’J"l
N@ﬂﬂi‘i‘ﬁ“ﬁmﬂiuj‘yﬂu’ﬂmtumﬁliﬁﬂﬁﬂ’]ﬁ"]G‘]sﬂ’iﬂﬂﬂ']’m’]i‘@@‘]_lLV]F.I‘].IIG]EI'JﬁﬂﬂC‘] ANNAIINAINAIIWLAT AN SD w‘lmmmmm
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U5usyAnes 1 ﬁﬂLﬁﬂﬁuﬁQ\iﬂdﬂLﬁ’ﬂ}ﬁﬁlﬂﬁﬂﬂ’]ﬂ‘ﬁaﬁ‘@ﬂuLﬁf;li_lﬂﬂa ResednaTlnlnsifanug 2 fadans witidgs
ndieadniies dausednTidnday o AlawIaAuqtieandt 10 Hadans dauliA SD fisindileldianisaey
Weng feanaiiiasnainnisasuannisLliussdy ol sumbiniladsd it nfnifsunnsiias 4 Nszuy Hardware
uesiraadeliiss@ninmannnalunisaununislasaeamantivazfiestlfunasuginsniinsiiaanuimanzas

44 . . o 4 o o - v 4
M13NN 5 ANDELUNIATFIUTRINANITIATBAIREN Volumetric pipette A1nA13197 1 annsaeuiauingldasuuudnAuayldises
UFusziudniugs

r@i'n.ﬁmmummg'm (SD)
AUIAANNY (NARANT) )
TmeRgnR Tneldindaslsuszau
1 0.0005 0.0001
2 0.0006 0.0008
5 0.0006 0.0005
10 0.0007 0.0006
25 0.003 0.001
50 0.001 0.001
100 0.001 0.001

M19197 6 ANDENILUNIAIFIUTBINANITATEFReEN Graduated pipette A1nAN3eR 2 annisaeuiiieulngldisuuntnfuasldiAzes
Ufuseauanlulf

ﬁi'uﬁmmummgw (SD)
AUIAANNY (NARANT)
TneRalng Tnaldiagasdsuseau
1 0.0007 0.0005
2 0.001 0.0005
5 0.001 0.001
10 0.001 0.0005
25 0.006 0.001
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4, ﬂ%“ﬂ (Conclusion)

mm%umumm%mmmmmmqmmmvwmmLwﬂiuimmﬁmﬁmLL@Wﬁ@‘V\Imeﬂhmmuﬂ?mvmuLuumm‘lmﬂu
LULSATLTR TnsnnsiEunesefus s adauuns A fuali 2 dou Ae nsafugaRILANNITLF LAY
\WHAARLULTA TR waznmmegeLLlsz&nannaesgaAILANNTLTLTT AL ARLULER TR

gaAruANnLiussAumlaAsuuudnludFtu dssnaufaaresliussiuniladanaritsunsumeniianasaouny
N9 ‘Emmmmmmmmumﬂu Hardware 1lsznaudae

mu@‘ﬂmmwﬂLﬂmmmmmmnwﬂimmmu mmmmuivdﬁﬂmmmﬂiumwmmimmmmmi

- muﬂﬂmmmmmmmmmﬂLﬂmmmﬂummm‘ wLm@umaﬂuiﬂmmuﬂ’mﬂiymmmwu:uu Real time

- muaﬂmmwn@mmmiuim@‘tﬂﬂwﬂmL@@LﬂmmﬂmLW@IWM@W%WLMQLLW X,y WAy z
} ‘Eﬂﬂmiumuaummmmmmeﬂwimummmmmﬁ DSS Pipette calibration f&mW?twm\‘igu”l,m@mqﬁﬂiz@w%mw
vialudouzesniratuanAumistastlilnsirianained n1ratuannIIgaLaaratmnatfieily NTUARININLLAS
ARNAIRBTILIL Real time LW@Smem@famvmm@wmmmLmvmimmmmmmmmwuq Meniscus THifuuuy
A6 1R Lwa”mmﬂgummummmﬂiumu Meniscus EW@EIM']LLMLLW]GHMN 3

mi‘wmmuﬂawmnﬁmwmfmmmmumaﬂimvmumummmmmiuuwahmummmm‘@\m,mﬂiyt,ﬂmﬂt,ﬂm 914
WUU Volumetric pipette kazkhll Graduated pipette uiﬂ.mm plail . .

- NaN13IANANYNADILNULNEY (High accuracy and precision) @mmwamwmmﬁLﬁmmﬂﬁnmmmﬁmmm
209U (Human error) mﬂmmmmﬂmmLm@faumﬂmmmmumﬂ 1 A5

- fuiReuannsnUFuszau Meniscus Vl,mmqrmLmuwmuaﬂﬂ%mm‘tmﬂmiummmmumwmmamwimm
dmLaL mﬁﬂmﬂuulmﬂgummmﬂfymmumﬁm‘wmmmnﬂquumLﬂuixmmmmu

5. "aRAnNssNUszma (Acknowledgement)
ﬂmvm@mm@uwmmﬂmvmmmmmmmwmmmmmmamﬂmmﬂu@mqmwimwmimuuauumimLumm
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The development of automatic internal adjustment system with
memory for electronic balances
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Jittakant Intiangw*, Sompote BoonsanitZ“, Wichit Sirichote?

UNAREa

mmwummaﬂiummmﬂmﬂwuuumummﬂmmmm‘ium (Automatic internal adjustment system) SN
Lm@qm‘wimwmuwummwmu’luwmﬂmmmm‘lfnuumﬂm@mﬂa‘mma‘ﬂa‘um 16un nan GLIVE ANTU AN
2 Lmﬂmqummwmmaﬂmm ‘Emwfammmmwmuuwniﬂuumﬂmwm SD card ‘Lumquummm@ﬂim@u
IYULAIAIR (Sensor) mimqmmﬁ@muﬂu AN ANNALLITENNNA UAzInAT WNrLIsyLLIATLIANNNYINY (Microcontroller)
mmummumm@mimﬂ WL SD card Imﬂmm*‘mu‘mmm‘mmur-mma*ﬂmmLm@qmmwuﬂmmmm C W1UNNg
L“ﬁ@NM@LL‘LI‘LI RS232 LL@”Iﬂumiuuuwnmammsﬂmm@ﬂwmﬂmmm LM@@MWWNM?@LQ@WLﬂ@ﬂuLLﬂ@\ii‘”UUﬂﬁ“U
m\m‘V‘vmmmvuummmqvmmvmummﬂwmﬂm’mm SD card mﬂm@mi‘v]m@mwumLm@\mmmnmlﬂmm
q@ﬂimumiﬂ@umLu@qmmumfa naulasuudadll wmummmmuuwnmmﬂmmqy"umma‘ﬂau fal$lumaeana
41 SD card 14

Abstract

This research is aimed to improve the previous developed automatic internal adjustment system to be included
with the memory unit for recording condition (time, temperature, humidity, atmospheric pressure) and number of the
adjustment activated. The information is recorded in SD memory card. The sensor system (time, temperature,
humidity, atmospheric pressure) and the microcontroller system with SD memory card slot will be assembled together.
The C language program is used to control the adjustment system via RS232 port and also command the recording
of the condition of automatic adjustment system into the memory unit. When the setting parameters are changed
(temperature or time), the adjustment system will be activated and then record the information into the SD memory
card. The experiment shows that the electronic balance used in this research is adjusted automatically when
temperature or time is changed and also recording the information into the SD memory card.

mdran: sruuliusenalu anludm wsesdeivindlinnsetind wiaaaanuan
Keywords: Internal adjustment, Automatic, Electronic balance, Memory

"NININLANRATLINT

2annfumalulagnszaauinddnammmeanansyila

‘e-mail address: jittakant@dss.go.th

“Corresponding author e-mail address: snboonsanit@yahoo.com, wichit.sirichote@gmail.com

http://bas.dss.go.th 95



1. ‘1.|‘Vlu’l (Dntroductlon)
memmumuﬂLﬂwmmummmmﬂmmv‘lmmﬂu@maLLwaumﬂ“lumﬂ@mmuﬂﬁwmﬂmu Lmvummmmma
mmuuﬂwummmmmuuum Imﬂmmmmmwmmemmw@ﬁnmmq%Lf;ﬁ@fﬂu Toun goamni mwmmuwm
LAZANNAWLITTENNNA muummmmimwmm?muﬂmmmumwamm‘wﬂiummqmnmwmLm‘@miummv
ANARAANBATLANY me@faummmmhmu@ﬂ mu@amﬂﬂu 271 mu .

1) m@ﬂmmmﬂu Internal adjustment) Lﬂumaﬂ@um‘tmﬂmmumwnmmﬁmmmmﬂummmm@mG‘m
7 built-in adjustment weight [1]

2) m@ﬂanmmmu@ﬂ (External adjustment) Lﬂumiﬂ‘mmimﬁ"lmmuumuﬂmmmumnmﬂu@ﬂmmmmwuu
Lm‘@\‘ﬂ]\iL‘W'ﬂlﬂLﬂi“ﬂ\i‘ﬁﬂ@’]ﬂ’]uﬂﬁuﬂLL@’W]’m’]i“]Ji‘LI[ﬂ\i mmﬂnmmum’l,n@Lﬂmnummmmmmmmmlumﬂq
ﬂJmLm@m [2]

mmumsﬂiummﬂ"luuu@mnmmu”lummﬂm 2 gtluy Taun LmuwmmmmmummﬂmmLm LAZLLIL
@mTummmmmum@@mmwmLﬂ@ﬁuLLﬂmmemmammuum i Lﬂ@ﬂuLLﬂmiﬂ 1°C VIRATLNUATZEIZLIAN
mwmmmmuum [3] GnqLﬂuﬁqmumammumL@W%memmmm@ﬂmmmﬁlummu

mmummwmmmmvmummLmuummm@ <Hpsanmnmnsadulalddndelansiinislfudastasds m‘lumq
ﬂﬂ‘umcﬂmmmmmmusl,umvl,mmnimummqmaummfaymm@@uiqmﬂwﬂmmmqmmqmmmu%mmiﬂaum
Lm@mﬂ@umﬂﬂnmuwﬂmmme’jmnumm wuwmmmu smmqmqm@”l,mummmLﬂummmmiﬂmmum@mﬂim
miﬂ:mmmemmﬁmummmLﬂuummhmiﬂﬂmmmﬂ‘lummmmnm@mmu mm@‘l,wmﬂmﬂmmmmmim
FIQAA muummmmlmmmfwvl,mmmiwmm ‘uuﬂi‘umLL‘uu'amTuummumL‘wmmﬁmmmmmmm’uﬂmwmmm
94U LLmLﬂimﬂnwm”uuﬂaummemiumumﬁmmmumﬂwﬂmmmmumummumnmﬁ@memm\mmq )

muqqﬂﬂ@uumﬂmmmiwmmi”uuﬂiummﬂmmu@mium (Automatic |nternal adJustment system) [4]Lwam
mhmmumemwmvuuﬂiumLLuuwﬂmmmmm”mummLfa\ﬂ:vinmﬂLﬂummwwmvuuﬂiummﬂluuuu
Am 1WA imﬂmmmmuummmﬂﬂ@ﬂuuﬂ@wm@mmmLL@ LqmwmmmmﬂﬁnLﬂm@u"lﬂﬂummivmmvuuﬂmm
mﬁiummmemimmuuﬂuww m‘lummﬁummmwmmumﬂmm@muum miuumLm@ﬂummwmmmmm”
mmmm%memwmml,muﬂi”ammwL‘wummu smmﬂm@mimmmwmwvwmumuma‘ﬂi‘ummem@m‘iuum
‘wwmmmumuummmmmuﬂ,mLmL\muiwm”l,qmmﬂ@ﬂuuﬂm

mmmqmwummnﬂimmm quLmuﬁqﬂmummiyuuﬂmmmﬂluuuuamiuum (Automatic internal adjustment
system) ﬂm\iLm@mmimwrﬁummuuwﬂfawmusl,uwmﬂmmm’mmmmimuumnm@mﬂiwmmiﬂi‘um 1mm 141
QIR ANNNTY AN AL Lmﬂqmumwmmiﬂmm Tmm@mmmummuumﬂlfﬂwmﬂmmm SD card T43sUL
ﬂaumuumm‘luum'mmemau‘luu 1 Iuﬁ%uummmmmmamﬂiymmmmmmﬂmrﬂm Tnaddngusvasd
LW@IMtﬂmmuimm'mmmm%memmmumwLm@\mmmm\mmmmmLLﬂsﬂmumm@ﬁmeim uazfaRdayazy
muuuﬂ@umgﬂlmmmﬂmelm L‘W@Lﬂummﬂ@'ﬂim@ummﬂummnmmmmefn\mm@mmu

2. 98msaas (Experimental methods)

m‘smmum@\n”uuﬂ?um\mmTuumwmwmﬂmmmw‘wwuwumwmmﬂmm'lmﬂ‘w 1 Tngsfuimaiazyinnig
AI9IAANUNNT ANNNT AINAULTIUNNA WATTZE LQZ\]WQ’]LﬂWH@ULﬂJEﬂLQ@uVL‘]WmﬂMumVLQM?ﬂVLN mmmmvl,mmu
maummmmuumiq B microcontroller avmmmmmmmﬂﬂmmmimmmummmaummmmwmmfammim”mu
Wanwmiﬂiummﬂ’lummwmmmm A nuwinnstiufindaya Sample number, 414 1haw T nant5uds Ay
U9ILINA AINTU §IUNYH WAz CAL number a4lu SD card
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Controller
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Semsor System 2>

Calibration
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= o o oA o o an
gﬂﬂ 1 NINNUIASTTLULFUAUATENE L LUA R TR

doutlszneuvanteaszuudsenausag 2 4ou lann dauanfanas wazdquwilfuwas ludouafauasusenaumae
uises BME280, uesn MEGA2560 lulasaeulnsaiaad, uiiing RTC, wasutlassziy HIN232 RS232, Tugaaaus
SNA LCD 20x4 , Wustjunatuviand 12 siaiaen wazlugadumafinanifavdigadiudn W1 RmasNRIn1s TR
e BME280 laun aduduussennid, Anumuduinsuargnugivies wilin RTC Musnsniinimunanass
T HIN232 inmaudlasszsiu TTL iWluszdy RS232 dwiiuiTensteriuirzasds aanansua LCD Muansmislnesanine
wandauuuuFualng doululasreulnsanafazinnisdrudiminimesfngiann - 2 Ju 7 g Rewlannadan
mﬂwuqumumewmq@wuummmﬁ Talnsnaninsalaniazdedndarliud (AUTO CAL) tinunafn RS232 Lay
Sufindununfsasnisdsindeadlunisamisaaudn taafllaozunsuvesssuulfuss melugﬂw 2
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BHEZED - /| DISPLAY
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m@“l?'ﬂﬂmmLL'ﬁﬂLﬁmﬁﬁﬁqﬂﬁ*u%ﬂﬂ?”ﬂ@uﬁwﬁﬂm” ASCII ﬁﬁﬁq@”ﬂmﬁumﬁﬂ LazAndsasdadtlningdnesviadn
W{ul6T (ASCII = 95) 3%a CR uaz LF ’memmumuwmﬂm mmm’lmﬂ‘w 3 Inglulnsneulnsanesimvuagtuuunis
Lmﬂummﬂuuumm‘imuaw@m‘wmﬂsn famwmiMﬂmm 9600 W37 A ASCII 7 Dnuazanatin wiladn ﬁ“]JLL‘].I‘].I“]J@N@
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FeEazldEnFINEISALIS o .

BME280 ifuimafinaninzuandan (317 4) 8% BOSCH Lﬂquamuﬁa@nLLuuma?ww?umﬁmmwoﬁ”umammﬁ
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(3.6 JA @ 1Hz) ummm@n@irﬁ’ﬂmu AZENUATANNNUNIUAD EMC g9 fnfmmiwmummmmmmmmuﬂﬂ
300 ... 1,100 hPa LL@"‘@ELL'MI]N -4°C485°C mmmmuﬂw 20%-80% memfﬂw +3.3 viulasraulnsaiaesfides
sialfulgas BME280 fiu 12C 17a faTinl¥ SCL waz SDA mm‘uﬁfytyﬁmmﬁmLmzmmeummmj@

BME.,/BMP280

||
Z.C}- -
—
=

917 4 \iuges BME280 iansiasniia 12C

MEGA2560 Microcontroller Board (1 5) iflutafaniunuudn Sviaaaausunat 256kB, 8kB SRAM uaz 4kB
EEPROM L fatnasnauns w1vins 54 Os iumes BME280 iWansiefiuanfanea 20, SDA wazan 21, SCL

B

ZELEGOD

l'ﬂ'.l.ﬂ-‘:-ﬁl 8

71l 5 MEGA2560 Microcontroller Board

w1 Fealnid DS1307 (U7 6) afwdneTn DS1307 WianuumAeTANI8aEeN + 3V INiinusiae XTAL Wi
fin ANA 32768Hz TniTenseriu MEGA2560 MCU Tnawafn 12C fadtysyins SDA uaz SCL Fnuindiilonans

SUNLAY naaqiiu

Feal-time clock
32TeBHz uz
\ . - " .
r{ﬁ}—‘— X1 SDA S0A
|—2--xz
SCL £ }scik sawout H—x
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vCC
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2. |I1
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[ _ DS1307
+3V L-thL.rn

317 6 29asu AN Gaa Nl aF19daedn DS1307
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easuiladszdy RS232 (34 7) it asAndaiideann MEGA2560 lilflairrasiaiilasanniszasiiiumnadiva
RS232 wuLaynax fautlassesi RS232 uuﬂmwmmunm TTL 9191 TXD1 waz RXD2 1ilusefil RS232 11m3gnu 29as
a519datiin HIN232 Tl ianssfuuaziautlasnszud it les iy RS232 VB1 usiiawsie DBO Uanean
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TR LANHAaLAndNa LCD Tusn (U7 9) uansdarainawim 20x4 Tun A1AMNALLIIENNA, AINT, RUNYR
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Ui 11 gadseneussuunlfussdnludAinFaumiaaaanuan

sreazidandauldsuns . 3
Tsunauldfuniaimundaasiia C ++ Iaeld Arduino IDE 1.8.9 TulsunsuaanauazEusiuinudoanissias Timert
AR ANF A LADLEAIS Serial PORT1, RTC wag LCD Tﬂﬂmmmn%qwmmn 7 2 3w azaudayaaniduimed
BME280 wazFenldfiaduionn Luafamunumrmmwmiq@@u‘lﬁwmmm@vm A&3 AURO CAL Vl,ﬂmmmammvuumﬂ

Lqmﬁ@auuuawmwmﬂmmnmummm‘lummmmm ‘Emﬂmwmmﬁmmammumuzﬁm’lugﬂw 12
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3. Nmm“qmim (Results and discussion)
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A9 1 FednadeyanistiuiindesyatsydRnisdfusaesesdaiiwinlu SD memory card

1,10/,2/,2020,12:11,990.8,48.9,27.1,1

2,10/,2/,2020,12:12,990.7,48.7,27.2,1

3,10/,2/,2020,12:13,990.7,48.5,27.2,1

4,10/,2/,2020,12:14,990.7,48.3,27.3,1

5,10/,2/,2020,12:15,990.6,48.1,27.4,1

6,10/,2/,2020,12:16,990.6,48.0,27.4,1

7,10/,2/,2020,12:17,990.6,48.3,27.5,1

8,10/,2/,2020,12:18,990.6,49.2,27.6,1

9,10/,2/,2020,12:19,990.6,48.1,27.6,1

10,10/,2/,2020,12:20,990.6,47.7,27.8,1
11,10/,2/,2020,12:21,990.6,47.7,27.8,1
12,10/,2/,2020,12:22,990.5,47.4,27.9,1
13,10/,2/,2020,12:23,990.5,47.7,27.9,1
14,10/,2/,2020,12:24,990.5,47.6,28.1,1
15,10/,2/,2020,12:25,990.5,47.3,28.0,1
16,10/,2/,2020,12:26,990.4,47.3,28.0,1
17,10/,2/,2020,12:27,990.5,47.5,28.1,1
18,10/,2/,2020,12:28,990.4,49.1,28.2,1
19,10/,2/,2020,12:29,990.5,47.2,28.2,1
20,10/,2/,2020,12:30,990.4,47.2,28.3,1
21,10/,2/,2020,12:31,990.4,46.8,28.4,1
22,10/,2/,2020,12:32,990.3,46.6,28.4,1
23,10/,2/,2020,12:33,990.3,46.3,28.6,1
24,10/,2/,2020,12:34,990.2,46.1,28.6,1
25,10/,2/,2020,12:35,990.3,47.6,28.7,1
26,10/,2/,2020,12:36,990.2,46.2,28.6,1
27,10/,2/,2020,12:37,990.2,46.3,28.4,1
28,10/,2/,2020,12:38,990.2,46.8,28.6,1
29,10/,2/,2020,12:39,990.3,46.4,28.5,1
30,10/,2/,2020,12:40,990.3,46.2,28.5,1
31,10/,2/,2020,12:41,990.3,46.7,28.5,1
32,10/,2/,2020,12:42,990.2,47.1,28.6,1
33,10/,2/,2020,12:43,990.2,46.2,28.6,1
34,10/,2/,2020,12:44,990.1,46.5,28.7 1
35,10/,2/,2020,12:45,990.1,47.0,28.7 1
36,10/,2/,2020,12:46,990.1,45.9,28.5,1
37,10/,2/,2020,12:47,990.0,46.2,28.7,1
38,10/,2/,2020,12:48,990.0,46.0,28.8,1
39,10/,2/,2020,12:49,990.0,45.8,28.8,1
40,10/,2/,2020,12:50,989.9,46.0,28.8,1
41,10/,2/,2020,12:51,990.0,45.7,28.7 1

42,10/,2/,2020,12:52,989.9,46.0,28.8,1
43,10/,2/,2020,12:53,989.9,46.8,28.9,1
44,10/,2/,2020,12:54,989.9,46.1,29.1,1
45,10/,2/,2020,12:55,989.9,45.1,29.1,1
46,10/,2/,2020,12:56,989.8,44.9,28.9,1
47,10/,2/,2020,12:57,989.8,45.3,28.9,1
48,10/,2/,2020,12:59,989.9,45.2,29.3,1
49,10/,2/,2020,13:00,989.8,45.0,29.0,1
50,10/,2/,2020,13:01,989.8,45.0,28.9,1
51,10/,2/,2020,13:02,989.8,44.9,29.0,1
52,10/,2/,2020,13:03,989.8,47.5,29.0,1
53,10/,2/,2020,13:04,989.7,45.6,29.1,1
54,10/,2/,2020,13:05,989.7,46.2,29.2,1
55,10/,2/,2020,13:06,989.7,46.4,29.0,1
56,10/,2/,2020,13:07,989.7,45.4,29.0,1
57,10/,2/,2020,13:08,989.6,45.0,28.9,1
58,10/,2/,2020,13:09,989.6,45.0,29.0,1
59,10/,2/,2020,13:10,989.5,45.1,27.0,2
60,10/,2/,2020,13:11,989.5,45.3,29.1,2
61,10/,2/,2020,13:12,989.5,45.3,29.2,2
62,10/,2/,2020,13:13,989.6,45.7,29.1,2
63,10/,2/,2020,13:14,989.5,46.1,29.1,2
64,10/,2/,2020,13:15,989.5,45.2,28.9,2
65,10/,2/,2020,13:16,989.5,44.9,29.0,2
66,10/,2/,2020,13:17,989.4,44.7,29.1,2
67,10/,2/,2020,13:18,989.3,45.8,29.2,2
68,10/,2/,2020,13:19,989.3,45.7,29.1,2
69,10/,2/,2020,13:20,989.3,45.9,29.1,2
70,10/,2/,2020,13:21,989.3,46.5,29.2,2
71,10/,2/,2020,13:22,989.2,45.9,29.2,2
72,10/,2/,2020,13:23,989.2,46.3,29.2,2
73,10/,2/,2020,13:24,989.2,45.3,29.4,2
74,10/,2/,2020,13:25,989.2,44.4,29.3,2
75,10/,2/,2020,13:26,989.2,44.9,28.9,2
76,10/,2/,2020,13:27,989.2,45.3,28.8,2
77,10/,2/,2020,13:28,989.1,45.2,28.9,2
78,10/,2/,2020,13:29,989.1,45.1,29.0,2
79,10/,2/,2020,13:30,989.1,45.1,29.1,2
80,10/,2/,2020,13:31,989.1,45.1,28.9,2
81,10/,2/,2020,13:32,989.1,45.0,29.0,2
82,10/,2/,2020,13:33,989.1,45.3,28.8,2

83,10/,2/,2020,13:34,989.0,45.3,28.9,2
84,10/,2/,2020,13:35,988.9,45.3,28.9,2
85,10/,2/,2020,13:36,988.9,45.3,28.9,2
86,10/,2/,2020,13:37,988.9,45.2,28.9,2
87,10/,2/,2020,13:38,988.8,45.1,28.9,2
88,10/,2/,2020,13:39,988.8,45.3,28.8,2
89,10/,2/,2020,13:40,988.8,45.2,28.9,2
90,10/,2/,2020,13:41,988.8,45.1,28.9,2
91,10/,2/,2020,13:42,988.8,45.1,28.9,2
92,10/,2/,2020,13:43,988.8,45.1,28.9,2
93,10/,2/,2020,13:44,988.8,45.2,28.9,2
94,10/,2/,2020,13:45,988.7,45.1,28.9,2
95,10/,2/,2020,13:46,988.7,44.9,29.0,2
96,10/,2/,2020,13:47,988.7,45.0,28.9,2
97,10/,2/,2020,13:48,988.7,45.1,28.9,2
98,10/,2/,2020,13:49,988.7,45.1,28.9,2
99,10/,2/,2020,13:50,988.6,45.0,28.9,2
100,10/,2/,2020,13:51,988.6,45.0,28.9,2
101,10/,2/,2020,13:52,988.6,45.0,28.9,2
102,10/,2/,2020,13:53,988.6,45.1,28.8,2
103,10/,2/,2020,13:54,988.6,45.0,28.9,2
104,10/,2/,2020,13:55,988.5,45.1,28.9,2
105,10/,2/,2020,13:56,988.5,44.9,28.9,2
106,10/,2/,2020,13:57,988.5,44.9,28.9,2
107,10/,2/,2020,13:58,988.5,44.9,29.0,2
108,10/,2/,2020,13:59,988.4,44.9,28.9,2
109,10/,2/,2020,14:00,988.4,44.9,28.9,2
110,10/,2/,2020,14:01,988.4,44.9,28.9,2
111,10/,2/,2020,14:02,988.4,44.9,28.9,2
112,10/,2/,2020,14:03,988.4,45.0,28.8,2
113,10/,2/,2020,14:04,988.4,44.9,28.9,2
114,10/,2/,2020,14:05,988.3,45.0,28.8,2
115,10/,2/,2020,14:06,988.3,45.2,28.8,2
116,10/,2/,2020,14:07,988.3,45.0,28.9,2
117,10/,2/,2020,14:08,988.2,44.8,29.0,2
118,10/,2/,2020,14:09,988.2,44.8,29.0,2
119,10/,2/,2020,14:10,988.3,44.8,29.0,2
120,10/,2/,2020,14:11,988.2,44.8,29.0,3
121,10/,2/,2020,14:12,988.2,44.7,29.0,3
122,10/,2/,2020,14:13,988.2,44.8,28.9,3

mnmfamiummm 1 wummem”lmumammu’tmﬂmm?ﬂwmw Sample number 59 (ila4a1nAn CAL number
ﬁcﬁhl,ﬂmw,l,ﬂmmn 1 Lﬂu 2 LN@LLG‘F;IULV]EIU%@N@?”MQN Sample number 58 Wa¥ Sample number 59 WLANAMANN
ﬁ-pﬂm@mmwumﬂﬂ@wuﬂmiﬂ 2°C waz Sample number 120 1287 14:11 memimumimmﬂmﬂmm@ﬂiu
FaBnATILIiadann CAL number fanasuuaaily 3 mmmummmm vinaniuldiflunan 2 me (120 u’m) e
Wigufeudunan 12:11 1 Sample number Ll 1 mmnmauzqmmmwmﬂm@mmummavu‘uﬂi‘ummemmmﬂ

wuusaluiFnanuaanadaiillmudeulansvuels
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4, ﬂ‘iﬂ (Conclusion)

@fmmma‘mmmuwuma‘“uumumﬂmiuumwmwmﬂmwmmwmmmumu 1sznaugnasyLLnMadnTiaunTn
PEGRGIIVE Y ﬁmmu ANAULITIENNIALAZIIA aé“uumummm’m’mmummﬂu‘tﬂmmumumumﬁnwmmi
Lm@m‘ﬂmm?nuLm@\imL‘wﬂﬂummivmm”uuﬂiummf;lslwnmmem”léﬁmﬁ@mium LL@”MI&QEIF]Q’]N@WEL%THLLUU
SD memory card mmumm@mmm?ﬂa‘um ivuuummmmuummmiLﬂ@ﬂuLLﬂm‘um@mmmLL@ LQZ\]’WH?]’NW]?

'“sl:nLﬂul,\muvl,ﬂumiﬂi”mui”‘uuﬂi‘ummﬂwﬂmLm@amvl,mmuuﬂuwuw WAz mum@mﬂi”qmmiﬂmmifﬁu SD
memory card TmmBTLWmm@@ammminmivuwwrmmwmuiﬂ Lﬂmmm@ﬂuLﬂi@w\iwuuuuﬂium\m’mﬂuuuu manual
L‘W’ﬂLﬂ@iliﬂﬁLﬂﬁ‘@\‘i”ﬁ\iﬂ’m%‘ﬂﬂ’m’]i‘ﬂiuﬁlQLﬁi"ﬂ\i%ﬂﬁL'axiLL‘]_IU'ﬂ[}]TuN[ﬂ mﬁslﬁﬁ’ﬂmfmlmfamvl.ummﬁn@lmmmmmwuu
'ﬂ‘i“LIﬁNLLUU@MI‘L&MW"HQN?’]W]@QH’]’]Lﬂuﬂ’]iﬂi“”ﬂ&lﬁ\‘mﬂi“”ﬂ’]m u,@‘vmqummmnmmLLuum‘Luﬂ‘ummﬂqmuuﬂ@nmﬂ

5. tRngsNUszmMA (Acknowledgement)
mqmj@ﬂmmﬂuwsmmmmmmmmm‘ufmﬁiﬂvmﬁmumuuwﬂiwmmslumimLuummfv«m AnsantnTl Yoy

aiin dr9nnsnuney @mmmumﬂ@m’aumwmafaqummLmﬁ”wm’au mmwmmmmmmi wluma.l?nm LAy
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mefATIERRRATTANRYME
Azause@aunssalna Zn, Mg Fe,O,
The synthesis of near-infrared reflaective brown
ceramic pigment of Zn,_Mg Fe,O,

Wiz Snanuge’ Avsquns gindnuy’ ann Wusguusun’ Sadna senpmudng’
Pattana Rakkwamsuk“, Sitthisuntorn Supothinaz, Lada Pansukhumthanas,

Teerasak Tangkittimasak1

U‘l/]ﬂﬂﬂﬂ

m/lmwummu@m@mmqmmmmmmmmmmmamﬂﬂgmmamumawm (Solid state reaction) andamneslsi
(Zinc ferrite) m@@mmmﬂwfmmaﬂiﬁm Magnesym oxide) ianaunadanslszneuaiuvisdideta (Complex inorganic
compound pigment, CICP) Zn, Mg,Fe,0, Ns@tmanaziiauansnsniunisasfiewi@anfindiadunssnlng (Near
infrared) s@nduA Al Aanan L svneuifhus@niuamennsiteasvieuisdening wazambBuiuanadeunazanu
WNIAIAN AINARBNNTLsE N ANANIUIBNITILLIFLEINIA WATTIERNANINALNETNGUUNIN (Thermal comfort) Neilu
21AN3 . ‘

NsduAzike@inlnanisuanan Zno Fe,0, waz Mg N&ndausing 7 Lﬁ@Lﬁmﬂﬁﬁ?mLﬂumﬁéﬂi”ﬂ@mﬁuﬁﬁ

n,, Mg Fe,0, Taeiinnsuilse x 3211419 0 04 1 wazgnisnigaumgil 1,000 1,100 waz 1,200 avraaiea uithadn ey

meumﬂmﬂummmmm@mmm AGNNG mmuqmmmmu CIEL*a*b* 1uLﬂ@ﬂuLLﬂmmr1uﬂ L:Jfa@munw,ml,ﬂ@ﬂul,l,ﬂm
LLMLLﬂﬁ‘L‘]J@EIuN’mW]Nm X 178 ANLUTNN0L MgO 7R Laznud mw,ﬂ@ﬂumﬂamm@Lﬂummmmmq W x AL

Weavinnmmedinisasiieuiadeniing wmqmaLsrmm@mmwmmma‘ﬂ@m@u Zn, ,Mg,Fe,0, HiAnuananly
nsazvieuidendinddodunsnsnlndlan Imﬁmmamm@uummmum@ x AN mmnmmm@mqmumwum
Zn,,Mg, ;Fe,0, WaLnngaumgi 1,000 °C mimmmmm@mummmm@m\m@mmLim”l,nmgm;m Wil 72.9 %

Abstract

This paper presents the research and development of brown ceramic pigment synthesized by solid-state reaction of Zinc
Ferrite doped with Magnesium oxide that formed complex inorganic compound pigment (CICP) of Zn, Mg,Fe,O,. The
pigment offered shades of brown and high reflectivity in the near-infrared (NIR) region. The pigment can be used as a vehicle
for a high solar reflective coating that reduces heat absorbed by building structures, promotes energy conservation in an
air-conditioning system, and enhance human thermal comfort in the building.

The synthesis was performed by ball-milling raw materials composed of ZnO, FeZO3 and MgO at various compositions
to reactively form Zn, Mg Fe,O, in the calcination process at 1,000, 1,100 and 1,200 °C, where x was varied between 0 and
1. The calcined compound was then washed, oven-dried and ground, that yielded powdered pigment with the shade of
brown. The color of pigment, measured and computed in compliance with CIE L* a* b*, did not alter as the calcining
temperature changed but varied significantly with x. As x increased, the color changed from brown to red brown.

The brown pigment possessed high solar reflectance in the NIR region. Its reflectance increased with x. It was found that

the pigment synthesized with x = 0.8, Zn,,Mg,Fe,O,, and calcined at 1,000 °C offered the highest NIR reflectance at
72.9 %

[ s aal 90/ al % o a e a 9 o aa 4 a D eca v

m’é’lmy: NAAUNANG MRARaUTARTIRE HeAdsTiaudaunmEalng ansdsenauatiuvadidetay

Keywords: Brown pigment, Solar reflective pigment, Near-infrared reflective pigment, Complex inorganic compound
pigment (CICP)
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1. Uni (Introduction)

‘Lumﬂmmﬂvmmmmmmmwmmm muﬂavmmwaﬂ‘lﬂm@uﬂumm ANANTUATTIRNENARIANS I s lAomEam
”Lﬂnumiﬂiummﬂemm'wmmmuqami@ﬂlm 50 -60 T8N F AL ANT [1] unanwnisaanslindanu
a1 linaneds usnslidanilasnanasiianuainsnlunisasiauiadeniing Lasunsigalinihiidsniilssansna
g9 wazaansazananiaunelulangiennns dealaenssianisannislindsuiunisdivenie 2 - 4] i
Usrlemilnansssianiseyinndsnu uazanilyminislansesfiazeunszaniiduaivndAnyresilyvigiiennie
raslaniaanulag . .

ANWAEETRIULN WU wWReneransindeufasdniAnsariieuisdeniing (Solar reflectance) lATN 94%
annnmnaanslindsauasldldtianndy 20% [5] @dsnanadaulun)iudlunguinudeeu Fap1aazlainaudueInny
Nanalazeadnresannis atalainiu mﬁmimumum"tﬂwmmmmmﬂmmmwmﬂu@ﬂmmmum@mmnamm
afndlul3Nnniunnndn [6] muu‘hwﬂmﬂm*’nmmvmmmmwmmimLm nnafiAsanslFR A lunuRsN 7 16 wridla
asdlanuaansnlunisaziienivdeingdlutduiadaunsisalng (Near infrared) 16

unAnuiliisusauddanasiumddimanamnmnagiieuidenfindddurniealng (NIR) 145 91134
1/1mummmiwmmmmL&ﬁa’mﬂmu’]m@mnfafaﬂiéﬁmmq 1 Inel¥gmearssznausing < [7-9] a1#iitu YoMo, MO, .
Cr,Sb,Ti,, 0, s mmamm@wmmrfﬂ,mnummimwammmmmwLLmnm\mu@@ﬂiﬂmmmﬂrgumv@mumlumi
W . }

dwinanAduilandunisdunnziduasnindiinasisdisenaniuzaeauds (Solid state reaction) AN F9r
wafls uraziinaRedauuniidungenlas (Magnesium oxide) eiimaifluanstsznaunaiiu vizeiiedau (Complex
inorganic compound pigment, CICP) Zn, Mg,Fe,O, m‘l‘wmmmmmvmﬁmumma‘ﬂlummvmmmmwm&ﬂm\mquLsm
na

2. aﬁmﬁ'ﬁ’ﬂ (Experimental methods)
2.1 mumaumsmmumaﬂmma

ma‘mmevw\mammaimmwu MMIABNITLANAN Zinc oxide (99.9%, S|gma -Aldrich) waz iron(lll) oxide
(99%, Fluka) LW@Lﬂmmmmm (Based raw material) wariNI7amUFN0L Zinc oxide AENITLNUNGRE Magnesium
oxide (98%, Fluka) Tt Fanausig 7 LW’aVI’]LﬂmZIQ’]‘iﬂi‘:ﬂ’a‘LI Zn, Mg,Fe,0, AMNLHBN9FIENFIDL 1N LAASAIRNI
1 LL@’iﬁ\iﬁﬂmmi”ﬂﬂuLwi@”mmmuﬁﬂmﬂmﬁ@mmﬁ 1,000 1,100 W&z 1,200 NATALTER ﬁf;mml,m (Modu
Temp ﬁ‘u SC96BV-N) LﬂuL'J@"I 3 ‘HQI?N IﬂﬂﬁquLWNﬂmvﬂNLquNﬁﬂ 5 OC/‘LL’W] mnuuuﬂﬂum Lﬂﬁlm ﬁ"J‘EJLﬁTﬂ\‘l Planetary
Ball Mill (Retsch 31 PM200) mﬂmmm 300 i@‘um@mm wuan 10 W mﬂuummmiﬂmamﬁm LLZ\]w’ﬂ‘]_ILLM\'iﬂ"J?;I
fanmnu 'IOO ’ﬂ\iﬂ’]lﬁ]@lﬂ]ﬂ'& L']JLLLQ@’] 24 °TJ'JI?~I\‘1 "ﬁ\‘lLN@Lﬁi‘@'&uﬂﬁ‘vUQu @JL@B’]Q’B?;I’N 18 FNBEY LL‘]_I\'iL‘]JLL ﬂ@N‘V] '] Anaeng
B1-B6 LEJ’W] 1,000 °C ﬂQN‘V] 2 Anaeng B7-B12 LN’W] 1,100 °C LL@wﬂqu 3 pinaeng B13-B18 LN’W] 1,200 °C Gﬁ\ﬂ“]‘vgﬂuq
lAwmsnzvianiimsing 7 sialdl

3197 1 Tadhetwldnsgaugaunangnaanssznen Zn Mg Fe O, WAz QuungRiansin |

Fasata
X gnsaslsznay AUUDALN (°C)
1,200 1,300 1,400
0 ZnFe,0, B1 B7 B13
0.2 Zn, Mgy ,Fe,0, B2 B8 B14
0.4 Zn, Mg, .Fe,0, B3 B9 B15
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Fasating
x gnsasisenay AUNDALHI(C)
1,200 1,300 1,400
0.6 Zn,.Mg, Fe,0, B4 B10 B16
0.8 Zn,,Mg,sFe,0, B5 B11 B17
1.0 MgFe, 0, B6 B12 B18

2.2 msfmu,mmmmmmsﬂmauﬁﬂmwmmmmmmmmm.,mwnmﬂ
ANFARIEEnN Azt auaRanindunsneandanneile MidaaniednAInIsazieuisdending mmmm UV-
VIS-NIR spectrophotometer (Shimadzu UV-VIS-NIR 3100) Lmvmmmmmammmmmmwmmmqmu 780 D4 2,500
wilums wAuAINsasfiauiidenfinddasdunsenlng muninsgiu ASTM E903 waziinnsdinssidiing
pnellsunssiiAsesianenadessuLntn CIE L* a* b*
2.3 meAmnAnHUEIATIAFINHEAN
qmmm“ﬂm‘qmwmnmmmm@q X-ray diffractometer (XRD) #8158 Cu KQL, 40 kV, 20 mA lutiaayu 203zudn
20-80 89F1 mnuuuwamwimmamevmumimqmwmﬂ TneniBaumeudnynyn (Peak matching) yuffinaWL
Imqmwmmﬂmluﬂﬁwu@g@
2.4 msAnulAseasIvNIaMALsEasALlsEnaUTRIEs 3 .
qmmwmﬂwmﬁmqmwmwamﬂLL@,,@mﬂimfaummmmmﬁm%u AaELATRY Scanning Electron Microscope
(SEM) ‘Vlsﬁ‘w:nm Energy Dispersive Spectrometer (EDS)

3. NAWAZIANSDE (Results and DlscuSS|on)
3.1 mmsmwammmwmﬂmmmmmmaummwnm
mmmm@uammwmu‘iumqqcﬁmwamau 300 042,500 U TR I09F e ENARLNANG B1-B24 7i3aTldann
isaa spectrophotometer meﬂmﬂm 1-3 LL@Wmemmmmmmmm@mmmmmmwuwmLmiﬂa ANNNIATFIU
ASTM E903 La¥ANALATIHA AUMAN CIE L* a* b* azldnadaudadlumnansd 2 Lngﬂm 4

uisRDYVIALL

Isi = _.-.-_-:L'.----' |
c UISIbIE{f S : / Near Infrared

7=
4

)

AnsardD

—_—

91 1 nsazvienssdenindnaanueaaai 300 T 2,500 wluwmms 199698819 B1-B6 (rumaiinn 1,000 °C)
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MRLL %)

mInaroauiaao

aTuuTakulom)

917 2 Meazvienisdenindnaanuaaaan 300 19 2,500 WlwmmAs 199698819 B7-B12 (grungiiin 1,100 °C)

TR %

UV Visible

oudedo

ATATTATIN

ATIMNETIR AU

717 3 Meazvieussdenindnanueaaau 300 Ta 2,500 Wlwimms 1e96a8ting B13-B18 (grungiiun 1,200 °C)

o

AINT 2 AdnanAulAeNszUL CIE L* a* b* waz Ansasviauiadeniingdludodunsealng (R ) 189n@ainandunszild

RLURNIED 1,000 °C 1,100 °C 1,200 °C
umnangns
QUL ART ERE L a b Rir L a b R L a b R
(%) (%) (%)
ZnFe,0 5165 | 28.08 | 4763 | 662 | 5181 | 271 | 4550 | 60.5 | 44.94 | 2662 | 3351 | 534

Zn, Mg, ,Fe,0, 46.17 | 27.53 | 38.31 66.0 39.69 | 26.35 | 26.1 56.4 36.99 | 22.38 | 19.27 | 46.8

Zn, Mg, .Fe,0, 4464 | 2725 | 3618 | 68.8 | 3852 | 25556 | 23.16 | 59.0 | 35.76 | 22.13 | 1861 | 45.0

Zn, ,Mg, 4Fe,0, 44.67 | 26.51 | 33.92 68.3 39.36 | 24.81 | 24.21 65.2 35.18 | 20.94 | 16.35 53.1
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AIRENINIRE 1,000 °C
A :

ueangns

TASIREI6N L a* b* R L a* b* R, L* a* b* .

(%) (%) (%)

1,100 °C 1,200 °C

Zn, ,Mg, 4Fe,0, 4419 | 28.33 | 3449 | 729 39.98 | 26.31 | 24.28 66.0 37.88 | 24.31 | 21.57 60.2

MgFe,0, 41.47 | 26.29 | 29.71 741 97.48 | -0.26 | -0.48 711 96.76 | -0.28 0.34 64.1

917 4 dnwnuzAuessinetng B1-B18

]
a

@"lﬂﬁ“]_h/] 4 wqmmmm 1 ,000 °C [?lQ'ﬂF;I’N‘V] B1 ‘V] X =0 mmﬁmqmw ZnFe,O, Sﬁwmmmm@ LL@uLNﬂ@ﬁ]ﬂ?‘qu
ZInC oxide a3 5]1’Jf;lﬂ’1ﬁ‘LL'Vlu'VlWJ?;l Magnesmm oxide "NLﬂuﬂ’ﬁLWNﬂ’W X @"LuuimﬂmmmmL?NLﬂ@ﬁumnmmmﬂum
UANALAY mmum@mqwﬁ\iLﬂmvu‘”l,mmmmmm 1, 100 °Cuaz1 200 °C n‘lumamm wzidul et

Z\‘I"]‘Mﬁ“]_lﬁqﬂ’]’i‘@WWBNNZQ'QWVWIEI’SLH‘HQ\?@HW?’]L’i‘ﬂiﬂﬂ WLL@@QSLHE]W’:T’W\W] 2 LN’BNWN@NWLL@@QLﬂuﬂTWW ’WJIG]BJ@G]\?LL@GN
"meﬂw 5 sﬁ\‘l’ﬂ“’L“VluvLﬂ')’]ﬂ’]ﬂ’]ﬁ‘@”ﬂ'ﬂuﬁ‘ﬂ@ﬂuwfﬂLﬁ‘ﬁﬂ,ﬂ@ﬂ‘ﬂ\i NQ@W@QL@T’]”MWL@NLLH’JI‘LAN meum@ X Nﬁ’]L‘WN"ﬂu @F;I’]\ivl,ﬁ‘

ﬂﬁ]’mﬁ’mLﬂ"MN’mﬁ@ﬂ’ﬁ"ﬁ\‘iLﬂﬁ"]wﬁ/ﬂmﬂN\i’s‘iu’]W]Z’\]LL@vNﬁWﬂ’]?ﬂvWﬂuN@@uWi’]Liﬁﬂ,ﬂ@'&ﬂ ] A x ﬂ')i‘llﬂ"l'ﬂf;liwﬁ'l’]\‘i
0.6-0.8

EOL.DD

7500

Ainsardaciafaviad (%)
. / -

—=—1000 —8—1100 —8—1200

gﬂﬁ 5 AnsasTiausadaunseaIndRTIdAgIY (x) 199 MgO 3331974 0 fa 1 PgnumniinT 1,000 1,100 waz 1,200 °C

o
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3.2 anduelASIRIIaNAN
ﬂ’a"]WLLE“?;I‘.I_ILW;I‘]_IN@ XRD mﬂqmmmmawmLﬂmvuﬂlmmmunuLm 1,000 1,100 W&z 1,200 °C LmemﬂJw 6-8
ANNANGU TAREWL1 A x = 0 mwu‘immmwm zinc iron oxide (04-006-0787) EX NI PRTEY xim‘qmwmmaﬁumu
Magnesioferrite (00-036-0398) LLi¥Iq 2 Tasaaiailsumisiifafia (Peak) InALAerarii

O
w
O
w
{ [ o

(O 04-006-0TET Zinc Iron Owide Zn, Fe O

Ea L
L 00-006-0358 Magnesioferrite MgFe'™0,
[0 000330868 Hematite FeO,

o 2
2 2
O O
Q o]
T4 Jo *% #
LR =T e A ; EA——
[ l )
it G i I i lt I T
2 =02 4 .|. A Ll
}“—.JL__.JI | - l - ]. _J. : o A J._? i

317 6 WhtuWauna XRD 289599619 B1-B6

o] () 02-006-0787 Zinc won Cwide Zn_ Fe O
w o 00-036-0398 Magnesloferrite MgFe™'0,
3
9 o)
0 o
b3 O 0
L f o] e O
B2 %=1 * l L ? ].* ?
Ml E=0F I i l [ I.l i
bitivond L ! .l == l -
i Rttt T VAR | __'LI__- \— | S _.L._Jn ; e
BN x-07 )LGL ] ]_____,..._______,‘___._.__ = O d-LL._..._Jl-
BT e N _.ll.. | | J A /. i 1_?_ o

917 7 Whauiauna XRD 989sa9te B7-B12
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LﬁJ'ﬂ‘LA’W]']'ﬂEI%? B5 @lﬂ‘ﬁﬂﬁ\‘i@‘é‘q\‘i Zn MgOSFe o, VILN'W]’BMMJ']N 1,000 °C mwzﬁmﬁmmmmm
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AR "*ltbl,mN@ﬂ"]i‘)Lﬁi’]ﬁﬂﬂ\‘iﬂﬂi‘gﬂ@ﬂ‘ﬂ@\‘iﬁ’]ﬁ]LL‘LI‘LIL"E].@EILL'&@QIHM’]?’W\W} 3

Ch1 MAG: 20000 x HV. 10.0 kV WD: 5.1 mm

717 9 Tnsesiranneqanipmes Zn Mg Fe O, ¥ 1,000 °C fisunisuaaziden

http://bas.dss.go.th

B\I’]uﬂ’]ﬁ“]_lﬂll

111



AN3190 3 MaAlAszsfesAtlsznausin 1einedne Zn Mg, Fe O, fimnfigaumgil 1,000 °C

drunan(@nsdan) AUUDHLN asAlsznauARIENg (%)
fiaaging grnsansisznay ©c)
Zn Mg Fe Zn Mg Fe (0]
B5 0.2 0.8 2 Znozl\/lngezo4 1,000 9.60 9.37 50.44 30.60

4, ﬂqﬂ (Conclusion)

g LINAN89aN Tz na Laluyids Zn, Mg, Fe O, mm:mzﬁ“qmmm”lﬁﬁwﬂﬁﬁ“&mmmmnﬁnmnmm%’fau (Solid
state reactlon) mmsn\imwfﬂﬂiw (Zinc Femte) Vll,’ﬂ'ammmﬂumﬂw@'ﬂﬂmm (Magnesium oxide) Lﬂmﬂ{]ﬂimmumm
mmmmmm@wmmma”mmqmumwLac-ﬂ,ﬂa mmmmmmmmmmmu CIE L* a* b* "Lmﬂ@ﬂuuﬂmmnumm
@mmummﬂmuuﬂm LL[F]LLﬂﬁ‘LﬂZ\]F;IuN’mEl’mﬂ’] X mfa ANLFN MgO lAe WATWLGN Aaz waauanndvinanaithy
ArnAnaund e x ummmu LmvmmLsnmmmmmfommmm”ﬁim 34mmmmmlummvmmmmwmmmum]m 190
na Imﬂﬂﬂﬂﬁm”wﬂuuﬁﬁmmut,u@ X TiAfnEw HaRRIANAT X = 0.8 (Coy,Mgy,ALO,) tazinfigauunil 1,000 °

aclilnudtinng Lmvmmmmm@ummmwmmq\ifauWﬁLamiﬂ@mmmmmu 72.9%
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