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Development of instant mushroom Oudemansiell canarii

soup product

asnsal ysas',
Jiraporn Burakorn"",

uUnAnta
\WingANIYW (Oudemansiella canarii) \uaneugaeLin
o Lo o - N
MnuTuthdwdnenn dszmealng TnanssdannisinemslFanem
FEnshnmnziasaduladinlazaeniinavlszaunad1iia
waznudingRsnuiAAmslntuIniege laun Tuseiu
A N o = 3 o i
\nABudFe ) Weaneda uaadean snsuanuariniues Wil

Funaslaiusiunn sndaiiidhuunsfiasWmunans et

ANingANIY Waluuvssememiadeniuduigiiina
muwuwummmmmm Inan1sWmudunaniusigliie
mmmgﬂmummm Tshunazlniuefge uazdAnun
NIYUAUNSHER 378 el 1. auuwgnegUinlnaldaniou
(Hot air) 2. auuiadounanvasgiliinlngldaniau (hot air)
wdrAninnandugrsgiliiin 3. auuigasgiiialagnig
MWL LUNKHaE (Spray dry) ANNHANNINARBINLIFFET 2
mmmu‘ﬁ'zﬁm‘lumﬁﬁwmmﬁmﬁmﬁmﬂﬁmgﬁmﬁ@ldﬂmsmq
AMNUANIINAFBUA UL TEANANTAWATAUANHIUEN
mManwiafige Anwangniafuineuaznisussaglii
gAnulugargiiflauneaduazniziles wudRuEnEad
qnugiiviasléifunan 180 Fu lnglidnaudauutlamia
naanLazlszanduda sondedinsnyiadunTennu
NIMTFIUHARA U OAANUNITN (NAN. 462-2548 sqﬂ'ﬁ'q
A3agl)) diingRnuussqneevgfiiannesslinagey
AAMNNINTUINAG WaTAIMWITATASNG ] TALA 7a5970A
safNdnfe saunaudoonanu Usziunisdszamduds

uARSTTgLUWiaNed5a3UM 3 gms Wsauieuiunamsiel

giinfed15agin1an1sfn wudn wassneiglvingannu
Avdnsagdsasssnmuaruaniusigliinfedniagnig
n12@n lflaauumnsnvatnelivdadnAyRseiu p=0.05

AdAty : ingANIU gL
Keywords : Oudemansiella canarii, Soup

Usus Tunes', afis anga’
Pran Pintong' , Apirusht Somrith?

Abstract

Oudemansiella canarii (O. cannarii) is mushroom
species found in the forest in Tak Province in Thailand. The
Department of Agriculture has achieved the cultivation of
mycelium and fruit body of the mushroom and also found
that O. canarii provides high nutritive values such as protein,
minerals, phosphorus, calcium, iron and high fiber but low fat.
The aim of this research was the product development from
O. canarii as a new alternative food for consumers and value
adding of the mushroom by developing the instant products
of mushroom soup with low calories and high protein and
fiber. Three processing methods were studied as follows:
1) drying the mushroom soup by hotair, 2) drying the ingredients
of mushroom soup by hot air and then formulate mushroom
soup and 3) drying the mushroom soup by spray dry. As
the results, the method 2), with highest scores from both
sensory and physical tests, was considered the most suitable
process to produce mushroom soup. The mushroom soup
was produced and packed in aluminum foil pouches and in
lacquer-coated aluminum cans and evaluated for shelf-life.
The results showed that both the mushroom soup in aluminum
foil pouches and cans could be kept at room temperature for
180 days without significant physical and sensory change.
The microbial quality was acceptable according to TISI 3413
standard (Instant soups). The original flavor instant mushroom
soup product was developed further to Tomyumkung flavor
and Kaengkaewwan flavor and then sensory evaluation
was conducted and compared with a commercial instant
mushroom soup. The preference and acceptance tests
showed no statistically significant difference between the
instant mushroom soup with original flavor and commercial

instant mushroom soup product at p=0.05.

' nINANEANANTLTNNT nesNansTuTia T azTanduaa1ung
2nsudanainems dinddewmmnnisansnanive
*Corresponding author e-mail address: juntarama@yahoo.com
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Wuninwmsng areiuguingfiniu (Oudemansiella canarii)
Lﬂumaﬁuﬁuﬁqﬁmu’immimwmﬁuwumﬂfﬁ”qm”mum“ﬁq’m
LazAn wazldiannsdnEAansmnsiasadulaianazaen
winaulszaunadia [1-2] Tusrsdszimnalisneaunisiss
AnlszlemianaiingAniuetnennuelusuaniAmMIeen
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mﬁqﬁrﬁwﬂmﬁmﬁ@ @17 oudermansins WAL strobilurins

[4-5] uazinIInaRans exopolysassacharide 1ige Teiignd

MedannuazindaingnlunisnssfugRAniuLasFinunzss
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amAdeiliflunisseseanaiAdETesnsimnsingns
fiansamnzifingranuldudouaziuumisasdaaiuls
nem9NgLgnludennaiae AIngIENIUNTI9E1R9NIHATINIg
NuRslagL FaasIuaTAMY, 2555 [2] wudipnmnieinguinig
WingANUENEugaIndandnnin dlFunnllsfiugs indeus
ping - Weanaia wasiEen 51AMAN NG Tugnizi B
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W HARTUT RN T AR I Tilshuge arningAnnuiu
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2. 9amMasIas (Experimental methods)
2.1 w3asiia Janglnsaluazansiad

2.1.1 Lﬁmiu@qa Oudermansiella canarii 181G

audanan MiveglundaaiAuine Wawugiia aan
NINITINTNERAT
2.1.2 gqunanlunistse Tdun wanvialug) el
= a &y a
e uNan [ailgesa nazifien wanlne infatlu Aw wnegl
2.1.3 qiin n91 Campbell's

2.1.4 Aluminum foil

2.1.5 gouaniau

2.1.6 Lﬂ?mﬁmﬁ’umuwmﬂﬂ (Spray dry)

2.1.7 wilesu

2.1.8 iesuniy

2.1.9 1A3aedeliii 4 Frumis uaz 2 Fumis

2.1.10 nszileq

2.1.11 wisasilathnszdes

2.1.12 udfailannnaiiy

2.1.13 wisesingoyanmslunsziles

(Can vacuum meter)

2.2 nszuaumsnangiiiin

@mmﬂLﬁmﬁmﬁu‘ﬁmﬁdmﬂizn@u WiRBANIY NN
ugy Suelfs neiften we wanlne indevu A wasingd
Tneninfinandainaauazen dudiu Sudfalen/den
Sraudaiuiluiu 7 fulgn vansialunjuaznazifiauiuy
azlagn Mﬂﬁuﬁw'auﬁﬂmg naeien lddaiuiue aunaw
ﬁqlumﬁuqnlmmﬁmm ﬁﬂmuﬂizﬂ@uﬁ'ﬁmqnuﬁqiﬂﬂuﬁu
fulslfaziden danineaselnefiuaduadly puldidam
Faniqueanl dyssamaideslneeu 1 azldguidin

2.3 msAngasgliingn

Wanngnaqiiinnddaunandade 2.2 lneAnednadau
tsznau6 ANT INLHNUNITNAABILLL Randomized Complete
Block Design (RCBD) anthunegeLnasrandusialag
ANIMAGALLLIL Ranking preference test Lilauaeiiien
G IRHARSITRARTY 4 A1 LHun nAusaLTe Ay
AHLAN wazANTeLinesan tnednaseuTy 8 A fitinu
maAnaanuagindy Tunistinssinanean1sdnasuam
gavazgnianasuiuezuunldnimees Fisher and Yates
(1942)[10] wazynAnukansalaeld3an15189 Tukey's test
[11] AnvdengraquifnaniilfFunasasusugeaminlinaaas
waw,ﬂwqﬂt,ﬁmrdi'qzh,%gﬂ

2.4 AmnszusumskangUifinndSagilneldms
VIR

wmﬂfmmamﬂl,ﬁmﬁaa?mﬁ%gﬂ Tmmﬂuﬁqmﬁmqmﬁmumi
Anidenan 4 2.3 hansunszuauniavnlstuste 3 38 foil

2.4.1 gliineuuiialneldaniau (Hot air)

Fin@eing 100 N ﬂﬂiﬂ@uﬁqmmﬁmmmﬁLLrﬂnﬁm
el guugdl 50 asAaadea 24 dalu 70 asAnisaiiaa
6 fﬁl'q‘l:amm:fqmmﬁ 80 asrngaidng 5 dalus Ineusiaz
fraginain 3 90 Ineldgavaniau

2.4.2 auwsaingldandau (Hot air) lagn1suandau
dszney wdvhunuaniudugnegliiniidoudsznavaes
75 W WingANIuAn Tudlfs wanialug) nexifianan
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2.4.3 Musisiuuniutlesgiliiin (Spray dry)

Fnating 2,000 niu v ldiuldaziBanduilemendu
winaglil 1,000 nfu Awlddniy daldiaudsuuuwures
Tradan1aznisinauaersas gauugiasidi 190-200 a9/7
IaEea gouunianean 90-100 89ALTATEEA

2.4.4 fegeguiinuiivlude 2.4.1-2.4.3 w1l
Augl TnesnategaegLiiinuiialiunns 25 nFu HntnFan 200
fadans Auldidaiu wdnilddmasddnsueniesnianiw
NAFBUANNTY LaTNAaaUAN NN szamdndalne
¥ a A = ° s .
Emagaudunniunistlnludiuau 10 au 1neds Scoring test

a a [ [=3

2.5 Wawwandunglilinussanszilag

wheliingranangasasssuaiande 2.4.4 laaclunseiles

T Y - o
azqiifian Wldidlaenialiguugilanatseuisey
80-85 avALTaltea 1uaan 10 wd Uandindnszilas wiauin
lulein@mad 115 asA1ctai@es A9 NAY 10 Uaus 30 wdl vl
nzflaafiua hlinaseuamnimmislszamdnda annumila
LAZAN pH

a a > o [~ a o o

2.6 WauanAungliinussqneazgiiiiannans

Ugliiingninangnsasssnanainde 2.4.4 25 niu
a ’Dj v o 4 z a o a a
wntnFau 200 3N Auldiduilamaniu ussqlugeezg ity
Waed udatlaniin

2.7 Anwnszurumsussquasiaangmsiiudne

a o 4 @ <t =3 a o v (%
uanAuNgLIAdsagUIIuLILL LA TR

AR iansddag Inegiiinussqnszilasde 2.5
wazgLifinussqneergiitlannesdda 2.6 unwiuinmlin
UNRTEY 27+2 avAAEina NAAELANNIWINLsZa
Audananineiglwinlugoszeazioan 15 30 45 60 75 90 105
120 135 150 165 waz 180 41 Ingl nasaLdufiniunslnlu
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NANNINARALN AN A ALN1TIATIZTANNL LTI (Analysis
of variance; ANOVA)

2.8 M5IATISRANAIMSLATUIMS

AwnnpianAnelnauinisuaniueigliandniagl
TaeRs AOAC (2016) [12] Taemnsunlulssiu ladfurianun Tasdis
ansa aflulawmsnianun Tanamasea laaiwis tiaia

v v
o

FINNA WAALTEN WAIINUAINNA WA uan el wan

a a

a a o a a a a
MR I8 UD 1 Ie18ud 2 wazldae

2.9 MsAATIERRAUNTE
RIGEeE bV BNt DL NI RER N

AN397 1 318NNIATITIMNAAUTFILAL AR

Pttt Bh

FDA BAM, 2001 (Chapter 3) [13]
FDA BAM, 2001 (Chapter 6) [14]
ISO7251: 2005 (E) [15]

SO 6579: 2002 [16]

AOAC (2012) 2003.07 [17]
AOAC (2012) 997.02 [18]

Aerobic Plate count

Clostridium perfringens

Escherichia coli

Salmonella spp.

Staphylococcus aureus

Yeast and mold

2.10 MSANHIAMNTALUASMSEANSLUDINLFLNA

giiinsasssnnunliulgagaasasugn saunaiden
WU U999 lueazgRiianvasd NNnAReUANNTELILALNNT
ganfunatsramdndaiudizinasmenislinziuuauzey
P13i33 9-point hedonic scale FugLsInATAlLS MY 95 A
D4 NININEANARTLINIG NPINNNNIBAT TAENIINAFBLNN
U9aMmMANNAINURUNINARILLL Randomized Complete
Block Design (RCBD) ¥iNNN93tANEiAana el sau (Analysis
of variance : ANOVA) Lazif3eiifieuAubANAIN84A
Lﬂ?ﬂlﬂﬁ')iﬁ%‘ Duncan’s new multiple range test ﬁ?zﬁumm
defufenas 95

3. NAWAEIA5O] (Results and discussion)

3.1 wamsAngnsgiiingn

annsRagRsgLivingn 6 gns waathlinagaumni
UszamAudalnen13ananALANTaL WUN ﬁ;mﬁm@mﬁ' 6
FadnssasFunuTeLgegalunndu Téud nausa
AU ALAN wazANTaLTaasan Tnaddoulsynay uin
AANIU 150 NFN nanvialugy 100 NiN el 150 N st
30 N3 te 30 N3N Winlne 4 N3 indethi4 N3N A3w 4 NFu ua
ﬁmﬂ 732 nfu anmsnaaey T Tukey's test [11] A191971 2

o o aa

wudlauuAnsnsiuatnelidadAtyneaa (p <0.05)
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ANINT 2 ANRANATLLUNNIARATALIAYNTEUTLLR

ANRALAZLUUNITFARIFLAINTAL o o d
'43[51’3‘ o > - ANALUAITNTALN
NAUIA AITNUL AITNLAN mqmﬂu‘immu

1 -0.05° -0.12° -0.07° 0.07° 4
2 -0.59° -0.68° -0.73° -0.82° 6
3 -0.19° -0.12° -0.14° -0.14° 5
4 -0.02° 0.05° 0.00° 0.12° 3
5 0.16° 0.28° 0.28° 0.23° 2
6 0.69° 0.59° 0.73° 0.54° 1

o

. »
wnawe FalaafddnesintuseTuaInuRsRaiy uans1eiuenel

:
= o

3.2 wamsAnsmzuIumsnangLilinndnsaguine
Tdmsvinuna

mﬂmmiwMfaumamﬂmwLmzmm%ummsgmﬁmgﬁ
sufiunszIauNeuie 3 LU nudInsLauNsaLIAY
%mm‘uLLﬂﬂmuﬂizﬂﬂuﬁfqmmﬁ 70 avAaaLgaa unan
6l Aifige (219 3) AampdasiunanIARaLYSLszAM
FudalFpsuuiaangeiigalugnmanimasey (n199 4)

WANATUNNATA (p<0.05)

3.3 wamsnawkaARdusgLliiaussqnszilacuas
azgidannans

annstingUiingasssnaUsIanseagiaraz g
WasdumagaLmLlszam&nda wud quidinussaazgfifion
erdiiFanuniln Arameriassm semRlansan Lazn A
zgqndﬁf’gﬂLﬁmmi'ﬂﬂixﬂm@ﬂwﬁﬁﬂ@ﬁﬁtymmﬁﬁﬁmfm
dasuferaz 95

A, o E1 @ a DI 2
A199N 3 @ﬂﬁmxi’l’mﬂ’mﬂﬂwLL'&SM’]M%WQUmm'@]mu’]ul,m\ul,muﬁmﬂﬁugﬂ

ad o U 2 0 o j
ABN1IN I i (°C)| 1m0 ANHEUZNWNNEAIN ANTU
50 24 daTug | Aivdssanimaidntias T Himesn ND
auantan 70 6 dolus | Awdevantina gulaugdlin lidusemaniu 8.5
a A v %’ A 1= 1 G da" = o
. Awdeaduantiana guaugllad Tdidwillabaniu
80 5 dala . L 8.7
sarfan lilsamRvesglvinnags
al A U A val 491 o o a
Y , . Awnessen gUAugU1AR eduiaazidan
aUANTAULLLILENdULIENaY 70 edlue | 4 _ o 9.0
dhuianenii sgaAnaNnaann
= A 1 A v I ad
, | Awdesdeu qlauglfusiuanunn samian
I 200 15U |, o - L 8.9
LaiflsagnRvesgiivinnans
F19NT 4 AZWUUAINTRLIRAEAINNINARELN WUz MENTANE R s igLIin e 1N s sndasing
o s ATUULANTOLIAAY + HELUNIATTIY
TBNNIN LA » - = » -
ansnieilsng @ NAUIA ANTY | saTAlAnsaN | AdnnTeLinesaN
2UANTRY 70°C 6 TH. 4.6°+0.8 4.8°+0.9 | 4.7°+09 | 4.2°+0.4 4.6°+1.0 4.3°+0.7
AUANTAY 70°C 5 T4, 4.4°+0.8 4.4°+0.8 | 4.4°40.8 | 4.3°40.7 4.7°+0.8 4.3°40.7
avaNFeuLULLENduLsEneL | 6.2°40.5 6.3°0.5 | 6.00.8 | 6.1°0.6 6.0°+0.9 6.1°+0.6
wuLWuelas 5.9%0.7 6.2°+0.4 | 4.8°0.9 | 5.1°+0.9 5.4%°+0.8 5.4°+0.8

o

wNeLe Falaafidansenii

o

12

UpneiuANNLRALAYARUW LANANeA el

o o

TR ATUNNADRA (p<0.05)
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1997 5 AZULUANTELIRAE AR NTUHALAY AN pH 2eeiinsanssunussqnIzlesuaresgiiluaand

. . AZUULANTALIAAY + HELIUNIATT I AIANNTA | A
sivatiegiidin [ = — = = o

anwauzdsng ™[ 8™ | ndusa |Adndu ™ |samAlaun [ AnuTeulneson °p pH"™

navilaq 5.2+0.9 6.2#0.4 | 53°+0.9 | 5009 | 54°0.8 5.6°+0.8 10,570° | 5.71

argilitannend 5.4£0.8 5.9£0.9| 6.0°£0.8 | 5.2+0.8 6.0°£0.8 6.1°£0.8 13,020° | 5.68

, ”
wnawe FataanddnesintussiuaInLaRaRenty wansAeiietalied Aynieadd (p<0.05)

. Y
ns vaeDe Famafiag luwaasadeaii TduansnsiuedeflidedAynisads (020.05)

= a <
3.4 WAMSANEINTZUIUMIUSTUAEnaIgMeLi
Fnenudndumigliinndusagdivhuiauuuassau
A o = ~ - o ol
Hevngliiaussqneergiiflannesdunfuinul4n
gounqRvies 27+2 aeAaadaa s 180 Ju uaznagay

a

o o ' a A a
AN Lz amAnda wudnsilasuilacd nauilan
daan Audu saapudaniasn mnuagaulaesan nnsaaNsy
Tasgan wazen pH Annsdsundasdndes gnagauds

o o a o & 1 A 1 dl
fepanFunanined dauaranunilalylnindasuuilas

ﬂfjﬁqﬁﬂﬂzﬁﬁﬁmmmﬁaﬁmwL%ﬁu%’faﬁ@z 95 (3197 6)
avugiiinussqnaziles Wud’mﬂmﬂmi‘wmmuﬁmnﬂﬁlﬂu
wlasidndes gnaaeuTNTIAtEaNFUNARITnIT L Uiy
(ma’m‘ﬁl 7) adwlafinu ustnadasnisaainazaanlunig
m‘lﬁm&ﬁﬂmmuaﬁ@m@ giiflaneaduinndiussanselas
desandnainun azeanluntsTeuazauds edniiden
giiaussqqeazglifannesslilvinnimanassialyl

;13797 6 HANNINARBLANNINN WA MANAA AR INULA wazAn pH nARATinussqneazgRitluanand

a1 | nlae naw AN QTR ANNNTAL nsEaNsy | ANAaNNna ™ | AN pH
(91) wiasd wilanianuy uilanianu Tagigau TaeIgan (cp)
0 | 0.98+0.01" | 0.99+0.01* | 0.98+0.01° | 0.99+0.01° | 0.98+0.01° | 0.99+0.01° 5,825 6.02*
15 | 0.97+0.01° | 0.98+0.02°° | 0.98+0.01° | 0.98+0.01*" | 0.97+0.01* | 0.97+0.01%" 5,887 6.01%
30 | 0.96+0.01° | 0.98+0.01* | 0.97+0.01®° | 0.97+0.02° | 0.96+0.01%° | 0.97+0.01%° 5,880 6.05"
45 | 0.94%0.02° | 0.97+0.02% | 0.96+0.01%*° | 0.97+0.01% | 0.96+0.01% | 0.95+0.03" 5,959 6.05
60 | 0.9120.02° | 0.970.01° | 0.95+0.02° | 0.96£0.01°° | 0.95+0.01° | 0.94%0.04" 5,960 6.20°
75 | 0.90£0.01° | 0.96+0.02°° | 0.94+0.02° | 0.96+0.01°" | 0.94+0.01 | 0.94+0.02° 5,910 5.89%
90 | 0.88+0.01" | 0.94+0.02% | 0.92+0.03° | 0.95+0.01% | 0.92+0.01° | 0.92+0.05°* 5,880 6.05°
105 | 0.86%0.01° | 0.94+0.01% | 0.90+0.04" | 0.95+0.01% | 0.90+0.02° | 0.92+0.01% 5,965 5.79°
120 | 0.84+0.01" | 0.94+0.01° | 0.880.01° | 0.94+0.01° | 0.89+0.01° | 0.90+0.04" 5,936 6.05"
135 | 0.83+0.01" | 0.93+0.02° | 0.87+0.01° | 0.94%0.01° | 0.87+0.02" | 0.90+0.01' 5,940 6.0%
150 | 0.81£0.02' | 0.92+0.03° | 0.840.03" | 0.93£0.01%" | 0.85+0.02° | 0.89+0.01% 5,910 6.03"
165 | 0.80£0.01" | 0.90£0.01° | 0.82+0.01° | 0.92+0.01" | 0.85+0.02° | 0.87+0.01%" 5,878 5.98"
180 | 0.80+0.03' | 0.88+0.02" | 0.81%0.01° | 0.91+0.02° | 0.84+0.02° | 0.86+0.03" 5,950 6.02"

MN’]EIL‘MFI

. rm'anmmmmnqwnﬂmnglw,mqmammnuuu mLﬂu@ﬂmwLLmnmqnumemummLLmnmwamwuﬂmmmmm P<0.05

. ANRAAINNNIVAGAL 2 ASS meﬂiﬂmwmmmu 8 Vi
« A1 1.00 luAwiny Ideal product
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A13797 7 Han1InadaUAnN N NlssamAndanansusiglinussqnsziles

IR miuﬂﬁlﬂu ﬂﬁlu AN QTN ANNTDL nsEaNsy | ANANNTa ™ | AN pH
(9%) wiasd uilantaan wilantlaau Tagigau TagIgan (cp)

0 | 0.98+0.01° | 0.99+0.01° | 0.98+0.01° | 0.99+0.01° | 0.98+0.01° | 0.99+0.01° 10,876 5.68°
15 | 0.98+0.01° | 0.98+0.02°° | 0.98+0.01%" | 0.98+0.01% | 0.98+0.01* | 0.97+0.01%" 10,792 5.85
30 | 0.97+0.02%° | 0.98+0.01%° | 0.97+0.01* | 0.98+0.02* | 0.97+0.01* | 0.96+0.01% 10,597° 5.69%°
45 | 0.96£0.03* | 0.98+0.02*° | 0.96+0.01%* |0.97+0.01*° | 0.97+0.01* | 0.96+0.01%" 10,564° 573"
60 | 0.95+0.04™ | 0.97+0.01% | 0.96+0.03" [0.96£0.02° | 0.96+0.02%° | 0.96+0.02% 10,297° 5.79°
75 | 0.950.05™ | 0.96+0.02*°"| 0.96+0.03*° [ 0.96+0.01°*" | 0.95+0.02" | 0.95+0.02" 10,591° 5.82%
90 | 0.93x0.01% | 0.95+0.03° | 0.95+0.05° | 0.95+0.01° | 0.95+0.04°° | 0.95+0.02°* 10,990° 5.70°
105 | 0.92+0.04% | 0.95+0.02° | 0.95+0.05" | 0.95+0.01%° | 0.94+0.05™ | 0.93+0.03% 10,975 5.61°
120 | 0.89+0.02 | 0.94+0.01% | 0.95+0.06™ | 0.94+0.01" | 0.92+0.05* | 0.93+0.03°* 10,932% 5.73%°
135 | 0.87+0.03° | 0.94+0.03% | 0.93+0.02°° | 0.94+0.01%" | 0.90%0.04® | 0.92+0.01¢ 10,947° 5.69°
150 | 0.87+0.04° | 0.93+0.04® | 0.92+0.02°*° | 0.94+0.03°" | 0.89+0.06" | 0.90+0.04" 10,054° 5.68"
165 | 0.86%0.03° | 0.93+0.05° | 0.90+0.04* | 0.93+0.03" | 0.89+0.05 | 0.90+0.06" 10,076° 5.71°
180 | 0.85+0.04° | 0.91+0.04° | 0.90+0.03° | 0.93+0.03" | 0.88+0.02° | 0.89+0.01' 10,012° 5.70*
‘M:LI’]?JL‘VIEI

. rm'aﬂmmmmnqﬂmﬂmﬂgluummmenuuu ﬂ’WL‘ﬂu’ﬂﬂ‘tﬁi’lLLL‘mDﬂNﬂuLL@ﬁN’]’]NWNNLLWﬂW’N'ﬂEI’NNuiIN’]ﬂﬂ_IV\’N@B[5]‘1/! P<0.05

. ANRAANNNIVAGAL 2 ASS LLM@”@TQI‘HNW@@@U?N 8 iy

« A1 1.00 luAwiny Ideal product

;19797 8 waN13ATIEIAATNSiNTUINNIRARS W LLR

4o - .
ned3agtlussqluneergiitaunas d

SIEFUalo)!

EnNsAnageL i (e

100 N3u)
1. W@T\mw}?\mm (Total Calories) : NlauAagT 29.67
2. nasuantady : ilaunaed 8.19
3. pflulaasmiianan - N3y 412
4. 3@ / Protein (Total Nitrogen) : n5u 1.25
5. 'lasfussuan (Total Fat) : n3a 0.91
6. lasTudns (Saturated Fat) : N3u 0.66
7. lAlagainasaa (Cholesteral) : Naansu 0.00
8. Iﬂm‘mi (Dietary Fiber) : n3u 2.63
9. mmam‘wm (Total Sugar) 3 #Q : N5 1.04
10. Vitamin A : lulasnsu 0.00
11. Vitamin B1 : 88803« 0.01
12. Vitamin B2 : HaAN5H 0.01
13. Tt (Na) : Hadnsu 4.99
14. WAL (Ca) : Raan5H 3.86
15. AN (Fe) : AaANTW 0.98

3.5 NAMSAATIZRAMAINNINTUIMS

AoAetnTuININaRsTuTgLWinned 1 gLusy luga
azgiifonnesd IWANUIIINA 29.67 AlaLAae3 sia 100

. - d . X

niu Hanflulawmsn Tshn wazansenmsau o Aapn91ed 8

3.6 NAMSILATITNAAUNFE

A a s a Ao @ a -

Wedinsaaundglinussqlugeergiillannesd
A & o R Ay 2 = a A &
MALSNENgUNNTRY 3 LABULAT 6 LRBL LFNIWARUYTE]
28 LN UITINMUARNNIAIFIURARADUTIEARINTIN (WBN.
462-2548 g1/Ned15ag1)

3.7 HAMSANENAMNTALRASMILANTUURIHLUILNA

AnAuaLLazNTEaNIUN sz A AN TANAR T
gilifinneddagisatimsiag o nanimegeudananslunimg
110 wuan sasssuan ldAzuuuANtauTatsIN SATIR AN
du ndvsa ldsreiuneanisfesnafidadAynieadanaaiu
dadufanay 95

14 BULLETIN OF APPLIED SCIENCES VOL. 8 NO. 8 AUGUST 2019



719797 9 HaNNINAReLLTHN AWt AR T iALIsq luneergRillannes ANAIINYINN1THAR 3 1hoU uAT 6 LAaw

F18NTINNAFAL

1SHNuANL (3 1Aaw)

15UNuNNY (6 LhRL)

1. 'ﬁﬁmu'ﬂqauﬁﬁﬁ\mmm (Aerobic Plate count)

62,000 CFU/g

70,000 CFU/g

2.1

Haandn 10 CFU/g

Haandn 10 CFU/g

3. Clostridium perfringens

Tainu 101 g

Tdwu T 0.1 g

4. Escherichia coli

#aeandn 3 MPN/g

Haeanan 3 MPN/g

5. Staphylococcus aureus Tdnu 1w 0.1g Tinu w0.1g
6. Salmonella spp. Tadwu T 25 g Tdwu T 25 g
AN39% 10 AZUBUAMNTALLATNNTHaNTUN sz amANdana RS usTg WinnsdSagy
- . . ATLULANNTALLRAS + Lﬁmmummgwu 5
HARSTWIgLIR = N19eANTY
4 o . . - Y IRTR AT Y
ned13agl anmouzdlang Gl NAUIA AN (Ta89%)
TagIsqs TagIsqs
TA599UAN 5.51°+0.78 | 5.49°+0.94 | 5.33°+1.17 | 5.14™+1.24 | 537°+1.09 |5.34°+1.16 | 56.84°
FRBINEN 4.78°+1.01 4.84°+1.05 | 4.38%+1.25 | 4.42°+1.18 417°41.18 | 4.15°+1.16 36.84°
94 NLTIE91191 4.77°+1.1 4.84°+1.12 | 4.42°4+1.21 | 4.78%°+1.30 | 4.28°+1.26 | 4.28°+1.15 | 37.89°
NNN9AN 5.89°+0.88 | 6.14°+0.95 | 5.46°+1.09 | 5.44°+1.14 | 556°+1.05 |5.48°+1.04 | 65.26°

N o

WNNLWR falaafidenserntuseiuaInLaasReaiu wanAwiuetnedidtd1Aynneatia (p<0.05)

4. %51 (Conclusion)
nsAnunldgsi Lyl finandlindeany Wsiu
wazlasfusin Tneddaulazneniiy Wiaghunu 150 niu vew
walung 100 nFu $Turl%s 150 n§ newifle 30 nd we 30 N5
winlne 4 nn indeths 4 nd ABx 4 ndu waziingy 732 niw
uaznszuaunnafmIzanlunsnanAaniseuanieunyy
wendavtlszneufigouvnd 70 asanieaiFua e 6 92l
msussylunsvilesuartasezgiiiannesdanunsniiuinmly
figruunives unan 180 u udquiiafiussqluagiiilon
eadflFnarumiin paruseulaes saRlaesN LaznAY
74 gmdmﬂLﬁmmi@qm:ﬂm@ﬂwﬁﬁﬂﬁwﬁagmmaﬁﬁ'mm
daiuferaz 95 wazldumansinsangliianieniadn awnsn
nanuideldaienenlifdsznaunisgsfiaeuistinly
Wanwaninsiamiasia e

5. naRnggNszmeA (Acknowledgement)
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mﬁumumw‘ﬁﬂLL@xmm’immmwmﬁmﬁummmu'ﬁ'me
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6..aNA1981994 (References)

[1] 82297 WENWNUUA. 15TAaNa Oudemansiella Aziluiin
waedwel 1 : ialng 2545, nganns : annANINAAE LAY
wnziiausilszmalne, 2545,

[2] 9997 WEWNIUUA WAW ATeNaqEinl wazeieasIn
WANAGIT. NI799UTIUUASAALADNAIEW LT 1A
Oudemansiella spp. A1NUKANAN 7 Lﬁmﬁui/\'fug’
19n1747 T - 1ialng 2555, N aunANTnIdaLAz
wnzidausiatszinalne, 2555, uin 5-13.

[3]ROSA, LUIZH.,BETANIAB. COTA, KATIAM.G.MACHADO,
CARLOS A.ROSA and CARLOS L. ZANI. Antifungal and
other biological activities from Oudemansiella canarii
(Basidiomycota). World Journal of Microbiology and
Biotechnology. 2005, 21(6-7), 983-987.

[4]ANKE, T.,H.T.HECHT, G. SCHRAMM and W. STREGLICH.
Antibiotics from basidiomycetes. IX. Oudemansin an
antifungal antibiotic from Oudemansiella mucia
(Schrader ex Fr.) Hoehnel (Agaricales). Journal of
Antibiotics. 1979, 32(11), 1112-1117.

http://bas.dss.go.th 15



[5] ANKE, T. The antifungal strobilurins and their possible
ecological role. Canadian Journal of Botany.1995, 73,
(Suppl. 1), 940-945.

[6] MAZIERO, ROSANA., VALERIA CAVAZZONI and VERA
LUCIA RAMOS, BONONI. Screening of basidiomyces
for the production of exopolysaccharide and biomass in
submerged culture. Revista de Microbiologia. 1999,
30(1), 77-84.

[7] XIANG ZOU. Optimization of nutritional factors for
exopolysaccharide production by submerged cultivation
of the medicinal mushroom Oudemansiella radicata.
World Journal of Microbiology and Biotechnology. 2005,
21(6-7), 1267-1271.

[8] MICROBIAL CHEMISTRY RESERCH FOUNDATION.
Hypotensive agent oudenone, its salts and process
for production and preparation thereof. HAMAO, U., T.
OSAMN and T. TAKENCHI. United States patent
US 3, 835,170A. 1974-09-10.

[9] TSANTRIZOS, Y.S. and F, ZHOU. Biosynthesis of the
hypotensive metabolite oudenone by Oudemansiella
radicata. J. Org. Chem. 1995, 60(21), 6922-6930.

[10]FISHER, R.A. and F. YATES. Statistical Tables. Edinburgh
and London, England : Oliver and Boyd, 1942.

[11] nlsasd F3eans. nstlrsidunailseamauneia (Sensory
Evaluation). \Terslusd : ARLYRRAUNITHINEAT NUINENAE
ideiglual, 2545.

[12] ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS.
Official methods of analysis of AOAC international.
20th ed. Rockville, Maryland : AOAC International. 2016.

[13] US.FOOD AND DRUG ADMINISTRATION (FDA).
Bacteriological Analytical Manual (BAM) ; (Chapter 3).
USA : Food and drug administration and applied nutrition
center for food safety. 2001.

[14] US.FOOD AND DRUG ADMINISTRATION (FDA).
Bacteriological Analytical Manual (BAM) ; (Chapter 6).
USA: Food and drug administration and applied nutrition
center for food safety. 2001.

[15] INTERNATIONAL ORGANIZATION FOR STANDARDIZATION.
ISO 7251: 2005 (E). Microbiology of food and animal
feeding stuffs -- Horizontal method for the detection and
enumeration of presumptive Escherichia coli -- Most
probable number technique. 2005.

[16] INTERNATIONAL ORGANIZATION FOR STANDARDIZATION.
ISO 6579: 2002. Microbiology of food and animal
feeding stuffs -- Horizontal method for the detection
of Salmonella spp. 2002.

[17] ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS.
Official methods of analysis of AOAC International ;
2012.2003.07. 19th ed. Gaithersburg, Md. : AOAC
International. 2012.

[18] ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS.
Official methods of analysis of AOAC International ;
2012.997.02. 19th ed. Gaithersburg, Md. : AOAC

International. 2012.

16 BULLETIN OF APPLIED SCIENCES VOL. 8 NO. 8 AUGUST 2019
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Study of factors effecting indentation hardness index
of natural latex foam

naiug anauria’, siasg wiq'
Kartpan Sakulkaew', Prasert Saeju’

UNARNER
WasthawindinunaintneesssuanAnansuziiugngu ssuneanAlazsasiuiwinnalddasies|4indunansioel

'
e o o o

vaauuazTiuey Fdtipnaude L%\‘mmLﬂmuummmmm@uwﬁﬁm:ﬁ@uﬁa@mmwm@wamﬁmﬁﬂmﬁﬁmLﬁnﬁﬁ"LﬁLﬂu@ﬂNﬁ U
AWriliflunsAneiadsing y fifiuasorfaiinanauds L%\mmmw'mﬁﬁmLﬁﬂﬁmuﬁ%mimmmu‘l,ummgm NAN. 2747-2559
LAY 1SO 2439-2008 (Method A) 114 AMNULNLLL AN TS UNAREY FukTiFafeth et unaaey
Sanaanmsfinenudn dadesing y mdﬁﬁﬁN@'ﬂﬂﬂxﬁﬁﬁﬂﬁ’]ﬁiy[ﬁi'ﬂmﬂﬂ'lﬁ"jvﬂﬁmﬁﬂ’l’mLL%GL‘QNT]M"IJ@QW@Q&’]@’]LV]GT]%

Abstract

Latex foam made from natural rubber latex has porous texture, good ventilation, and excellent load carrying capacity;
therefore, itis widely used to make products such as pillows and mattresses. Indentation hardness index is one of the major
properties that reflect the quality of latex foam products. This research aims to investigate the factors, affecting the inden-
tation hardness index determined in accordance with TIS 2747-2559, and I1SO 2439-2008, for example, density, thickness,
location where the test pieces were obtained. This study has shown that these factors play a significant role in determining

the indentation hardness index of the latex foam.
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Production of handicraft paper from cotton rags
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Abstract

The main objective of this research project was to develop processes of making handicraft paper from cotton rags
as alternative raw materials instead of mulberry; as the cost of mulberry increases steady and it has to be imported from
neighboring countries, whereas cotton rags are abundant in Thailand because of ever-growing fashion industries. Replacing
mulberry with cotton as raw material could help reducing cost of handicraft paper production and creating new pattern on
handicraft paper to further use in producing other handcraft products. It was found from this study that the optimum condition
of stock preparation in order to produce handicraft paper from cotton rags was using Valley Beater with 6 kilogram of weight
plate for 20 minute. It was discovered that cotton fiber had good distribution without adding dispersing agents with freeness
of 252 ml. At this condition, stock could be formed into plain paper sheet with ease and suitable to be used in producing
pattern paper sheet with water pressure technique. The properties of laboratory paper sample were as follows Apparent
density 5.90 g/cm®, Tensile index 0.027 Nm/g, Tear index 8.74 mNm?g and Burst index 1.60 kPam®/g. These properties
indicated that pulp and handicraft paper made from cotton rags had good physical properties as the Entrepreneurs are
satisfied and the paper can improve their properties according to the standards of the Industrial Standards Institute. Cotton

rags could be used as alternative raw materials in handicraft paper making industry.
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The synthesis of near-infrared reflective red ceramic pigment

Wy facuga” ansquns 4Insne’ ann Wusgyusu’ 59dnn AannmuAns'
Pattana Rakkwamsuk'", Sitthisuntorn Supothina’, Lada Pansukhumthana®, Teerasak Tangkittimasak'

UNARNED
UNAMNHENAUDNANIIFUATI SR ULTINRNA LA
pelliAze1eam1inaInAINFel (Solid state reaction)
« X a9 @ - .
AMNLERTADY (Zircon) Aaadaeudnaan o (Iron(ll)oxide)

agiidanaanlas (Aluminium oxide) waz Fanaulnaanlas

(Silicon dioxide) iatialunedanstsznaueiuyisdidetan
(Complex Inorganic Compound Pigment, CICP) Al

al

Aunslznfe waziiaonuanunsalunnraziausedanfinddaq
Bunasnlng (near infrared) KeATIALATEIAIEANLNTD 1
Uszneuiflunansousianienansiteasieusidenfing uax
A BrNnA S aLTidE AN LU IAn danasennstssudn
WAUT U FUBNA LAZE s RN AN WAL 8
AUUNIN (Thermal comfort) Aeluenang

mimLmﬂvummm‘l}mﬂmmmmm ZrSio, Fe20, ALO,
LAz Sio, fidndausing y menmﬂgmml,ﬂumaﬂi”ﬂ@u
aniunsel Tmﬂi“ﬁ@ﬂﬂ’lu ZrSIO Fe O Al O SIO i 45:25:
(30-x):x Tael x NA7E1919 0 — 30 wt% LmeMmemmu
1,100 1,200 WAz 1,300 A9ANTATNA WANNNIANT AL WA
unauldlunsdiraindune Frensd 98 uIaNNsELL
CIEL*a* b*iﬂLﬂgﬂuLLﬂ@\m”]ﬂﬂﬂ Lﬁ@fﬂmmﬁm%ﬂﬁwuﬂm
@LLmﬂwmiwummmwmﬂmum@ﬂ?mm SiO, ity
Lm'avnmmLmﬁ”ummm”mmmmwmej memmmﬂ
mmwmmmu ZrSiOA:FeZO3:AI2O3:SiO2 'Vl 45:25:20:10 ‘mm
AUUYH 1,100°C azlArAuasniAnsasviauiadaunsen
ndgagm Wit 65.9%

Abstract

This paper presents the research and development of
red ceramic pigment synthesized by solid-state reaction of
zircon doped with iron oxide, aluminium oxide and silicon
dioxide that formed complex inorganic compound pigment.
The pigment offered shades of coral red 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 con-
servation in an air-conditioning system, and enhance human
thermal comfort in the building.

The synthesis was performed by ball-milling raw
materials composed of ZrSiO4 Fe203 AIQO3 and SiOQ. The
compound of ZrSiO4 Fe203 AIZO3 and SiO2 at the ratio of
45:25:(30-x):x, where x varied between 0 and 30 wt%, was
calcinedat 1,100, 1,200 and 1,300°C. The calcined compound
was then washed, oven-dried and ground, that yielded
powdered pigment with the shade of brown. The color of
pigments, measured and computed in compliance with CIE
L* a* b*, did not alter as the calcining temperature changed
but had a brighter shade of coral red as the quantity of SiO2
increased. It was found that the pigment synthesized from
ZrSiOA:FeZO3:AI203:SiO2 at 45:25:20:10 and calcined at
1,100°C offered the highest NIR reflectance at 65.9 %

o s aa = 3 o a a e a 2 o aa v a S ea v
ﬂﬂi&’]ﬂﬂ&l HNAALAY AdeiauRenTing neAazTauiaasunsealng ansdsznauatiunsdideday

Keywords : Coral red pigment, Solar reflective pigment, Near-infrared reflective pigment, Complex Inorganic Compound Pigment
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2. 98masas (Experimental methods)
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3. HALAZIANTY (Results and discussion)
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MINAUITEUUAILANMSUSUALATRITIDATUIIR
Development of automatic calibration system for

electronic balances

ananue Bes’, 3an AR, anlnml yoyatin'™
Jittakant Intiang"’, Wichit Sirichote®”, Sompote Boonsanit'”

unAnea
e Hao . . . 4 2
NRdERidRgUsrasAnazinnsl iUl e e et
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Tpednluds Tuanuddatazinnisa¥ieszuunsada (Sensor)
AFLIRANGINAH AINTU AINALLIIIEINIA LATIIAN
WAZITUUAYLANNIINNU (Microcontroller) N1Usznaurii
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msdiuasld 2 gluuy Ae Wegmuugivisanalauuutlas
FLUUAILANNITTINIUAz AN A AINsTusruuLFuAInTe Y
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e b vy le y . ¥ 4
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Abstract

This research is aimed to develop the automatic internal
calibration system of the electronic balance with inherent
internal calibration function. The sensor system (temperature,
humidity, atmospheric pressure, time ect.) and the microcon-
troller system will be assembled together. The communication
between this assembled system and the electronic balance
will be programmed with C language program via RS232
interface port for activating the internal calibration system of
the electronic balance. In this research, the internal calibration
system will be activated when each of these two conditions
is changed from the setting value: the environmental
temperature or the time. The microcontroller system will
send the command to activate the internal calibration system
of the electronic balance via RS232 port. The preliminary
experiment shows that the electronic balance used in this
research responses to the command by activating the internal
calibration system when the parameters changed according

to the setting conditions.

AdAny : sruudfusanalu aaludh resdeimtindidnnselind

Keywords : Internal calibration, Automatic, Electronic balance
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Sensor System

Calbration
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3. Nauaufam'sm (Results and discussion)
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4. @91 (Conclusion)
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Analysis of damage in steel bar for reinforced concrete deformed
at varied strain rates by continuum damage mechanism
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Abstract

This research study aimed to examine damage evolution in steel bar for reinforced concrete by continuum damage
mechanism from D, = I—E/E and D, =1- EJE throughout deforming process at varied strain rates from 0.001s™,0.005s™,
0.01 s to 0.02 s”. From the research study, the increase of the strain rates in the beginning (0.001 s to 0.01 s™) had a
significant effect on the development of the damage, approximately 0.33 and 0.18. In other words, the damage rate greatly
increased in the initial stage when the stain rate increased. In the later stage, the rising of the strain rates from 0.01 s™ to
0.02 s™ had a slighter effect on the development of the damage, approximately 0.17 and 0.11. In other words, the damage

rate increased lower when the strain rate rose additionally.
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Keywords : Damage evolution, Elastic modulus, Strain rate
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1. UNU (Introduction)
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2. 9amsIas (Experimental methods)
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Opinion survey on green laboratory management in Thailand
among chemical laboratory workers
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Abstract

This survey research, using questionnaire, investigates the opinion of personnel working in the chemical-based laboratories
regarding green laboratory management in Thailand. The main objectives are to study their basic knowledge and understanding
of green laboratory concepts, and their suggestions on the development of green laboratory management. 4,800 questionnaires
were distributed to the training participants of the Department of Science Service, Ministry of Higher Education, Science,
Research and Innovation, both by mails and at the training service sites. 2,112 questionnaires were returned and indicated
as laboratory workers who used chemicals, which, in turn, constitutes our sample.

We found that most of the respondents had a basic knowledge and understanding of the safety and sustainability principles
of the green laboratories, by means of efficient use of resources and being environmentally friendly. They understood the
importance of green laboratory management, and expressed the need of its development in Thailand. Moreover, the majority
of respondents suggested that the development entails the administrative sections from both government and organizations
to provide clear policy, and guidelines, as well as knowledge, and actively campaign to raise awareness, knowledge and
understanding of those involved. The future study is the impact of such operation implemented. The information acquired will
be an integral part that enhances laboratory qualities to drive the manufacturing and service sectors of Thailand substantially.
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Abstract

One of several parameters causing inaccuracy in
precision weighing is a static electricity. The charging occurs
through rubbing during the handling of objects or containers.
It mostly affects insulator materials such as rubber, plastic,
glass and powder. Various types of materials such as
glass, plastic, aluminium, rubber, and paper are tested in
this research but plastic and glass samples are easily to
get charged in conformity with the triboelectric series. The
charged and neutralized objects are weighed with analytical
and micro balances. The charged samples have the problems
with the measurement drift and the balance stability. The
electrostatic charge affects the measurement accuracy as
the weight value of the charged object appears heavier. This
measurement error is caused by the electrostatic forces acting
between the object and the balance. The charged object also
givesthe poorermeasurementrepeatability than the discharged
object, as confirmed by the high standard deviation.

Therefore, the removal of the electrostatic charge or the
neutralization on charged samples is essential for weighing
process. This is to improve the balance stability, measurement
accuracy and measurement precision. The reliable

measurement results will be finally obtained.
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Keywords : Static electricity, Weighing, Measurement accuracy, Measurement precision
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qrudedidnmsanlidnguuasfivsyqinfindunan doudngnls
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(Measurement error) merﬁhmmmuﬁmim (Measurement
repeatability) '*7'1'me”lﬁmnmlﬁmmummgm (Standard

deviation)

http://bas.dss.go.th 65



2. 9amMasIas (Experimental methods)
2.1 AadanAKaL
2.1.1 TUUNARBLANUIN 5 Faeeing Tnntszanmy
2.5 cm x 8 cm (N34 x 817) A WeluLAa welwaaRngia
polypropylene WHuagiiles qeiasesIsuTnG uaznsyane
n989 ﬁﬁmﬁunq’uﬁmﬂi:mmﬁq wanann lave 809 waz
N9LANEANANGL B9 5 Fregsbaztiunldnasey
IfhafafinatunuRaagduiunmageyluinde 2.3.1
212 TUUNARBLS LI 2 Fa0Ene Ae 29ALAD
fwiudaans uazanananadinaiin Polypropylene e l9Anen
nansznuaadlninainluiadae 2.3.2
2.2 \aFasiia gilnsal uazansLAR L
221 aetalniin (Electronic balance) a1191
3 1pit0s neiseasiden daseliil

\FaaaT U WAM | Readability | Capacity
1 MC21S Sartorius | 0.001 mg 219
2 ME414S | Sartorius 0.1 mg 410 g
3 LP6200S | Sartorius 10 mg 6,200 g

2.2.2 wisnsialnihadiaiive SIMCO u FMX-004
d3uTn Static voltage Tignunsndnsnldivalszqlwiinuan
waztlszqlninay FausiAn -30KV B +30KV Tlszeizmmsen 1
wiatlszanns 2.5 cm Tnauansualusinmanaziunuuansus
nefamidlulszquanvident wazil Accuracy £10%

daensinlninatio

« Auto Mode 0 kV 214 + 1.49 kV (Low range),

+1.0kV 14 + 30.0 kV (High range)

« Low Mode 0 kV 01 # 3.00 kV

« Hi Mode 0 kV 14 + 30.0 kV

439n153M lon Balance 0 113 + 300V

Minus Bar graph Plus Bar graph

HOLD Mode Selection

Mmvhatiad

wihunsia

anuzuuainal

2.2.3 gunsniindnlnfnatinna¥rauasimunlng
1NAAELe9NININeANERTLIENNT HFhaanulszq lWinadimize
oA d o ase
lonizer Nazilaatitlszqlenautnnuazauaanuiieinliingn
o i « e o
ihnndeiiantazdunanamielnfineuinlugs
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2.2.4 AnviegUnsnidwinduy

225 usanegeddMELINAINATR AT URRE NS
2.3 3EMsnagau

2.3.1 m’;‘mm@@@ﬂ‘wmqmamﬁLﬁmﬁyuuud"mq

muﬁﬁﬂﬁiﬁﬁﬁ@Qﬁﬁnl*ﬁﬂ@ﬂluﬁmﬂﬁﬁﬁmimq
AneAanfNINAaeL LW‘@’Lﬁ’mmﬁqLLuq‘Eﬁmﬁa@im%ﬁ
Uszauanvizaauunngd Tneatsinanmagewriuiian
FaRsinaii A1 5 Firaeing Ae wiin wanasn agiitlan e
HNEITNTNF LATNTZANE rﬁq@ﬂ'w‘%\mum%gﬂﬁqmgﬁ’wﬂu@' y
Fail) ufuazwanadin2) wiuazneHenNI9INTF 3) agiitien
LATNANARN 4) agRiHNuATINeE9BIINTIR 5) WAARN
WATENNBLNEIINTNR 6) WANARNUATNITANHNTEY 7) [IHe
HNEITHTIAULATNIEANENTEN 8) UAIUAZNITATENIDY LAY
9) agNHENLATNITANENIEY aniusaAnd et
uuﬁq%umuﬁq@ﬂmmwﬁ

2.3.2 m'a"wmmummmumﬂﬂﬁmamﬁ“ siannsda
shwiin

ma?ﬁrn:mN@ﬂ?”ﬁﬂ%ﬂﬂﬁﬂmﬁmﬁﬁﬁi@ﬂ'ﬂmmnmﬁm
m@qmiﬂnqumuﬂ (Measurement error) m‘llmﬂmﬁmmuuﬂmu
sumagaLdn 10 At wdanAnadsresimingaetis HAZIN
mm@muﬁmimmmmmm (Measurement repeatability) smm
mamu%qﬁﬂﬁimmaﬁmmmﬂ'ﬂLa‘jmmummgm INN13
adn (Standard deviation, SD)

fratefitiamaseue 1anatainuazaanaufia
afiendlnfinfuRedndlnfindu o kv uasdmdndlniing
AatuLuiagiueg 2 fasie daadndlniinlaidiu £ 5kv (v < £
5kV) wazdaafnelnin + 5KV 59 £ 10kV (£ 5kV < V< £ 10kV)
tundeunieiesiednuan 3 ites fieuAtANaziEnn
(Readability) An9riiA® 10 mg 0.1 mg LAz 0.001 mg anniii
thiefeteiidiszalnfaneunsdnedanginanding
IWfadis udarinisdmanaiafiewiouiiauiunanisds
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R

rasheRdAndlnindiu 0 kv inagevlunfuen @ﬂmmm@miﬂﬁmmumwLmv‘wwm‘lﬁmﬂum@mmﬂa?mwmmmmmmi
@mauﬂﬁmammﬂmqﬂaVGﬂWﬁmemmummmw]smwnﬂ‘uLm'a\am@miWWmmmwmwmﬂ@qiuwmmmm[ 1gun3nd

'
a

auinliTngdaanazanganilszananadudngnianimidunansmnalnia (Neutralization)

EXb-
ﬁllw = =

3. NawaziIasal (Results and discussion)
3.1 HAMSNARDLI
3.1.1 mimwmﬂmﬁmﬁmﬁﬁm%uuuﬁm
m@mﬂnmm@umnmmﬁﬂumummwmLﬂm@mmwﬂu AU 5 Fiaeing Ae WY WaNaRn agiitlen QelesnesIINTIg
waznszany ufannaed 1 mwmmmwuwmﬂnﬁlﬂﬁwLﬂumn ’Lummmﬂmmmw Lﬂu@um@imﬂmﬂWﬁﬂmmu
wananis JanUszinnuiolaznaamn mmﬁﬂﬂ"LV\le”memmmﬂuﬂmm@ﬂ?ymw‘lﬁwyuayma Fahu NEIAERsLAaandan
Ussinymanainuazuanmageyluindenansenuaeliingdnfitsentsdaimen

S, de vy g .
m19797 1 AR lFa s dan s iatunngiu

Finating el ATala el ATola

Wiia : WadFn Wi +9.9 kV WAAFN -15.7 kV
wiia : eenNEIINTA win +9.5kV QHBYNEITNTNR -2.7kV
wiia - agie win +0.5kV agiiten 0 kv
agiiflan - wanasn agiLde +0.4kV WAARN -7.2kV
agiiflan | QINeHNEITNTA agilan 0 kv HeENIBITNTA -2.4kV
WANARN : INBYNNEITNTNA WANERN -10.8 kV NNBYNNEIINTNG +2.3KkV
WANERN | NTZAENIDY WANERN -11.2kV nIEANL 0 kv
QEABLNEITNTNR 1 NTZANMNIAN ANGTIGRREER -5.8kV NITANT 0 kV
W9 : NIEALNIY Wi +10.2 kV nITA 0 kv
agfiflaw : NITAENIa agilan 0 kv NITANL 0 kV

3.1.2 Mamagaunanszuradniadanisanistainmin

4
o

m@mimm@m\iﬂi“mwwmmsmu,@ uianRuazlufidnelnn L‘]J'LL@\WI’W’NV] 209 4 fail

d 1 o o o 1 a ¥ a 3 A o a v =
RMNFINN 2 mumunmmm@mawmmmmmzunfmmuimmnlmmsnwmu"l,mxmm 10 mg

5 AnTieuld (@)
Fapsefi| wanadn | wanahin WAIARN WaARN wiin win wia win
(0 k) (-4.3kV) (9.5kV) | @<lnftatin) | (Okv) | (+47kv) | (+9.8kV) | (@elufinatin)
1 31.56 31.56 31.57 31.57 126.61 126.62 126.62 126.61
2 31.56 31.57 31.57 31.56 126.62 126.61 126.62 126.61
3 31.56 31.57 31.57 31.56 126.61 126.61 126.62 126.61
4 31.56 31.56 31.57 31.56 126.61 126.61 126.62 126.62
5 31.57 31.57 31.56 31.56 126.61 126.61 126.62 126.61
6 31.56 31.56 31.57 31.56 126.61 126.62 126.61 126.61
7 31.56 31.56 31.57 31.56 126.61 126.62 126.62 126.61
8 31.56 31.57 31.57 31.56 126.61 126.62 126.62 126.61
9 31.56 31.57 31.56 31.56 126.61 126.61 126.61 126.61
10 31.56 31.56 31.56 31.56 126.61 126.62 126.61 126.61
Mean 31.56 31.57 31.57 31.56 126.61 126.62 126.62 126.61
Error 0.00 0.01 0.01 0.00 0.00 0.01 0.01 0.00
SD 0.003 0.005 0.005 0.003 0.003 0.005 0.005 0.003
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' ' [}
P

Aﬂ‘ 1 % o o 1 a % U % A o a % =
F13NN 3 Aminresiaetanatafnuaziidiauldanimresianaulsazidan 0.1 mg

' v
o o

Fansefi| wanain | wanadin WAARN NANARN wia 0! win 0!
(0 kV) (-4.9 kV) (9.7kV) | @lWdadim) | (Okv) | (+3.3kv) | (+7.6kV) | (@ 9lnfinaiin)

1 31.5657 31.5665 31.6396 31.5656 61.1503 61.1549 61.1607 61.1502

2 31.5657 31.5664 31.6402 31.5656 61.1503 61.1548 61.1598 61.1503

3 31.5657 | 31.5663 31.6404 31.5657 61.1503 | 61.1547 | 61.1595 61.1503

4 31.5657 31.5662 31.6392 31.5657 61.1503 61.1543 61.1589 61.1502

5 31.5657 31.5684 31.6401 31.5657 61.1502 61.1545 61.1587 61.1502

6 31.5656 | 31.5678 31.6366 31.5656 61.1502 | 61.1542 | 61.1582 61.1502

7 31.5658 31.5671 31.6400 31.5658 61.1502 61.1543 61.1584 61.1502

8 31.5658 31.5668 31.6353 31.5658 61.1502 61.1542 61.1579 61.1502

9 31.5657 | 31.5661 31.6357 31.5657 61.1502 | 61.1543 | 61.1577 61.1502
10 31.5658 31.5653 31.6370 31.5658 61.1502 61.1541 61.1579 61.1501
Mean 31.5657 31.5667 31.6384 31.5657 61.1502 61.1544 61.1588 61.1502
Error | 0.0000 0.0010 0.0727 0.0000 0.0000 0.0042 0.0086 0.0000
SD 0.00006 0.00089 0.00202 0.00008 0.00005 0.00028 0.00097 0.00006

P I S o a Y & P A oA P
AT 4 ANt udnaessnedtananannuazuianeulaaniaTasianauldazidan 0.001 mg

Aeuls (g) Aeuls (g)
fapeit[ wanasn | wanasn NANQRN NAGRAN wia wia k! 0!
(O kV) (-0.8 kV) (22kV) | @Wldatim) | O0kv) | (+06kv) | (+2.5kV) | (@ alnfinadin)
1 2.328289 | 2.331887 N/A 2.328295 |12.235941| 12.236241 N/A 12.235946
2 2.328290 | 2.331615 2.328294  |12.235942| 12.236018 12.235948
3 2.328290 | 2.331503 2.328294  |12.235942| 12.235972 12.235949
4 2.328288 | 2.331363 2.328292 [12.235940| 12.236188 12.235948
5 2.328288 | 2.331332 2.328293  |12.235943| 12.236175 12.235949
6 2.328287 | 2.330937 2328292  |12.235943| 12.236163 12.235950
7 2.328288 | 2.331027 2.328294 [12.235943| 12.236151 12.235950
8 2.328288 | 2.330806 2.328294  |12.235943| 12.236138 12.235951
9 2.328287 | 2.330664 2328292 |12.235942| 12.236112 12.235950
10 2.328287 | 2.330486 2.328293 [12.235942| 12.236075 12.235948
Mean | 2.328288 | 2.331162 2.328293  |12.235942| 12.236123 12.235949
Error | 0.000000 | 0.002874 0.000005 | 0.000000 | 0.000181 0.000007
SD | 0.0000011 | 0.0004493 0.0000011  [0.0000010| 0.0000815 0.0000014

wHNEwe - N/A manefie Afidsnguuseildsulasnaennaiduiiiaananieiesdsliidnganinziatiasinliguhimnam
ldanansngudinisialed

3.2 Aa15niNamsvngay

3.2.1 wansanaaaulvinadnniintuuuing

'
a

o 4 Ao T S A aA e Aa X a4 o < A o a Ao o
m@md%wm’]m@@mwummu LN@Nﬂq?Lﬂﬂﬂ@V?@Qﬂu m‘VlLﬂmﬂjuﬂﬂmﬂm\muﬂ%wmﬂmﬂ,WW’}Lﬂu‘U')ﬂ slmjmwmﬂm‘ﬂm\i

wﬁq@”ﬁmﬁﬂﬂWWﬂLﬂmu ndwutiiasainnaduednuiuazyinliiianistramidszq i netnesndasendnsinduda
mmqmmm@wum AAnmTaUAY Lma@uwmmamuuaiﬂmﬂﬂffmmq m‘l,mmmuummmwmwﬂunmamaiﬂﬁwm@mm
mm"l,mm@ﬂuivmwﬂL@ﬂmmmmwuam@uuum uummmuﬂr@iﬂﬁmmLmvﬂiwiw“ﬂmuimmﬂu Fagnu03R AN

AndlninTiisauidldlaefirtas olniinatin annemadeyluvinde 3.1.1 ansei 1 wanslfifuindeinfaangiugiiesis
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BITNTRUATIHB U NAARNNNY UGN BLN95FTNT AL ANl

T iRmauuisTanessssnT AtuaAn ludnwnisnseii
d ﬂemmmmﬁummuﬂiﬂiwﬁwLﬂuammmmmmmq
wiazflunaniderhangiumanadin deddnanssrrumi
anansosuvdelididnaseudld Geansnearnnazanuilals
wreiugiannsauae agiillandnaglutlszinniany goyde
adnmasawinliiAsszqlvinuan usrAndluinldgaunnin
winignansnaInAAng IfudannGeeandudndan La
a v = o = A
Huwilidunaziuanuazdangaziszqlifnay azdFaemiu
o o Y o &l

andule Al

wualiiunsfiaszqlnfiuanuazau

< e 1l3zquan U9eqAY---moev >
| ufo | oqfudlen | nszaw | qeilesns | wanadin |

aziiulddndaglsznnuiowaznanainduuiliunaziia
. v A oA e 4 4 y
Andlninladedie Mauiudaglssnman Geuanimeasuiv
Ifaenndesiumgud) Triboelectric series [2,3,8]

3.2.2 HANILNUABANNNNANAIATRINITTR (Mea-
surement error) LATAIN1ININT bAU89N1397 (Measurement
repeatability)

F19797 2 4 4 wansranisdaiminsaatngag Ty
anmfunaneanalwinAutiminaessinedaniszqluin
AnmAnAn A aDnFawE 0 kY D9 £ 10 kV 1 annuATeads 3 1rigad
wudnanaaRnLazaaauianilseqlninladdnaziduuen

o T ar Cr o o
wreautiu azduuinunndminaesingnladdlszq i
yisailAn 0 kv IAngdmenalulnanssnunininiladanas
\riraedatlazinm Precision balance (Readability > 1 mg) A0
tinasuuwdastiesninuddnninadnazdszunas £ 10 kV
wrazdsuasanistafluatinannniiatasqepTaetatszinn
Analytlcal balance aunN3¥FU Micro-balance (Readability
Rausi 0.1 mg a4 0.001 mg) smLﬂmmﬂw\mummwmwmm
geuarianldluiesjifin1simsziinaaay wndadae

4 oA ve ¥ -
wesiafiazBannan o) widnguuaridszqlainfuniies
2 fe 3 kv A WUfTRuliamnsngmAniednld wesan
AnUsnguuaeiaaullamaennatduiiiosnaniasesds
laidganinziades Audupaiuifatuiunanisdnluy
R399 4

de qof o e . A o e
anmpfvinliintinaesfaet 19Nl lniadnminndn

o A e R - C e
st lddIinadin filasanussngaseudnedatinuas
Aut9 P ARALINALBATEES [9-11] TagnunsnasUe s
Aagul 1

Y z e o e A o da X
el wnnndedng laAenand ninadaniinzuuwso

o

AnUuudn AruwiinildazunnngnaAuinaseesingiu

s | d

N = da X e oA g
gﬂw 1 WINANAANINATUTENINIRNLLATANTY

v dnve - 4 d e .
uansianilanazinnaianaiardaull wazilatiideyaan
AN39% 2 19 4 wuannalugingwssgl 2 T 4 azdiuls
o | Y o o aa ' a
dadndrdeingndlszqluiings ) ArpanuianaIneenig
Fafiazdannau uazinliunis 72.7 mg (Aannswlzlii 2
fiaatanadininAnliinadin -9.7 kv Feuuieresdaneny
Faviden 0.1 mg)

LasilairindetnmanainuasL A And ity
TirudngunsniindnliatiasiuwuuaudndlWinmaeiiu
0 kV wadfeinviinfaeg ana1annuazuia wuIAHNmIn

o v F 2Nl a 1 dln/ o Y a a =
naudnlndgenpunenndngazgninligliifalnihatinvie
HAuumnFnefutiagnnn

yanant ndaAANNLEN lFTeInin (Measurement

repeatability) AifluAeTidasinilede mmmmwﬁﬂmmms

’JﬂV]LL'&ﬂ\'iB\I@WJEIﬂ’] SD 5lur5mwv1 2994 V]U\i“ﬁﬂ’l’]ﬂ’}iﬂﬁfmﬂ

' Yoo
aa o A o

AR atings 41 fu nannsinaz zilanuutladliynafsids
snldenamamaug-lfremansimiepauifiesains s
ﬁaﬁuiﬂﬁmﬁmLﬂuﬁ@f‘ﬁwuwmﬁmm%mN@mzwu
m'@ﬂ"]mmgﬂﬁmmmmﬁqﬁmﬂfﬂﬂﬂ’mmﬂ IneanIzing
Fueniudszimmanain winwandedldld fsndudes
rdnlwihafnieufiasilddnierldmededlanmanna
maszqlniin (Neutralization) il ¥ldAwan1safignsas
hidate

4. a9 (Conclusions)
ﬁ'&mwmN@‘meimmuunmmwmmmwmaﬁ%ﬂmﬂ
i usivishuvanaiiaderufaeliiingds JanLszinmnanann
Y o 1 ' ‘#I Y o v a wa '
wazuiadneglunguawinlwindildiuninlufeslfiiRnas s
Adluianniialiihatinldiawasduusldunisfadszqlvin
mNNg ] Triboelectric series wazuNtndng I InANadinun
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MANUAANMIANAMITI (g)

002 -
0.01 0.01 0.01 0.01
001 -
0.00 0.00 0.00 0.00
0.00
naaan naa@n naeran wana@n uih uin ui ui
(0 kV) (43 KV) 95&v) | @Ealdhade 0kV) +4.7KV) +9.8kv) | Ee'lilihade
310 2 ApauBananmesnisiaannisteingiiilaze niteiesisiiduldandan 10 mg
v a w
AANHHNANNADINNITITI (g)
0.0800 - 0.0727
0.0600 -
0.0400 -
GhagE = — 0.0086
0.0000 0.0010 0.0000 0.0000 : — 0.0000
0.0000 T S
wanadn wanadn wanardn wanadn uh ui uh ui
Ok (-4.9kV) 97kv) | @ulihada)|  ©Okv (+3.3kV) #7.6xv) | @13 Wlihada)
317 3 AenuBiananaresniataanniadeingiddeze wietesienienulfaziden 0.1 mg
v
Ll = U
AATHAHANWATIADTINNIITI (g)
0.003000 - 0.002874
0.002000 —
0.001000
0.000181
0.000000 0.000005 0.000000 0.000007
0.000000 -
wanadn nana@n nana@n uia ui uf
0 kV) (-0.8 kV) @n'lvlihada) 0 KV) (+0.6 kV) @ lihada)
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717 4 A nEanatnzeenisinaInnefsingnfilsz Iniesesdsie il faziaan 0.001 mg
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FauuieTaadarlszinn Analytical balance wag Micro balance
Aavdanafanisdm fatl
4 4 . . vy 4
1. A3asteanaliannsananaAnistal diiaganniesed
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[961 naangm’” ey Augans’ Tasan gulus’ afdoyn gann’
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uUnAnga

nsnaseuANldldreninaasuiunsenlunsalalasraeinauunnsg unansioeg grammnssu nen. 217-2556
514@15%1/]m'a'uﬂ@miﬂ‘lﬁmm@a‘?ﬁﬂa‘hﬁugmmumiuimﬂmﬂﬁm Flow Injection Mercury Systems (FIMS) wudgiaaaanuiilu
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1999 85-110 wa 1.0-3.0 nanay TaeAannaliuiueniisyiunnidesiufeaay 95 laifiufeuas 20

Abstract

Method validation for determination of mercury in hydrochloric acid in the present work is based on Thai Industrial
Standard, TISI 217-2556, which is the test for Hydrochloric acid for industrial used, by Flow Injection Mercury Systems (FIMS).
Results showed that the linear range was 0.5-10 pg/L. The limit of detection was 0.2 pg/L, and the limit of quantitation was
0.5 pg/L. Bias and intermediate precision showed that the percent recovery and relative standard deviation were 85-110 %

and 1.0-3.0 %, respectively. Measurement uncertainty at 95% confidence limit was less than 20%.

AdAn : nenlalnsmansn semn
Keywords : Hydrochloric acid, Mercury
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1. UNU (Introduction)
a = = [~ ld‘ v

zninlalnsmaesniizansainae Wuanstssinnnsanliann
maazasaesuiialalasauaanladlun gnéunulsadnau
wiwasng e avadef iadiunanlalasnaeiniduseanadla
TiNdvTeNdmaes 8oy Aanudndudesas 32 Tnelseunn
fndugu gasluiana e HCI uwiinluang 36.46 AN
o a dld 2 U 1 %
a1z 1.16 nealalasmaeiniiAnudnduninninfesas
37 a%iFandn fuming hydrochloric acid THANNEMNANNTL
1.18 qALABATIYIUNYH 108.58 °T WATAANABNINAINGIUNN
-35 °g mmamnmiaimm@?ﬂLﬁmmnmim"ﬁﬂﬁﬁ?m?wdw
lalanauiuAfeTUAIANNT

Cl +H ——» 2HClI
2 2

ninlalasaaaingnides1and1gnanslunioundn
ansdsznaudunael 1 lofianaelssd dwiundn waamn
3T waz MDI/TDI (Methylene diphenyl diisocyanate/ toluene
diisocyanate) ﬁﬁﬂi“].lmamwfrﬁﬁ‘mu (Polyurethane) l4ngaus
Lﬁ'famamﬁm wazununian llunisdiuaaudunsa-ang
Tne annzansfidusnelidananiunes Wlalasladutl uas
Telafu iiterdnemagtuausing o dinRauasinanuazena
folane M lugmaivnssunig quindeutans Mlunszuaunig
Andnaaudaannissugaavnssy ldlugnaiunssunig
Wanuil [5]

4110 wen. 217-2556 :
gaangsn Auualiiiiulsenlunsalalnsnaesnle

nsnlalnspansndusy

T3itAu 0.05 Sadnsusiedlaniy waznaaeulngldirienan
laszimsszuunyuidsunuuda ldilsenauiuazaauiin
LL@uma§ﬂﬁumLﬂﬂTwﬁﬁLma§[1ﬁ&'\iﬁmmﬂqmﬂsﬁuéﬁ@uﬁ%um'au
Tunswienrseailefildina i nsmaseuBinalsenly
nealalnsraesninamaiia Flow Injection Mercury Systems
(FIMS) [4] Az Ha8ianAINENENNAINANT FININANNTONAZRL
1A39A59UAziANYNABIGY AALAUBIFAAIINABINITNE
mm@@uﬁ'mmL‘%*m\ammﬂmmuﬂﬁu dmiunimaaaulTuin
dsanlaanatin Flow Injection Mercury Systems (FIMS)
uma‘ﬂﬂmlummmiﬂ?”mumwmm‘lwwuuﬂ“luﬂml,l,@vm
annziaduaaanfenulng [6] walddeldnulusatenses
lalnsraesn dmiumnaaseunnultliredisnaaeusunn
tsanlunselalnsaaesnanuienansinirnanalainiveuses
madnldiiudesas + 20 Yeaas AnsnauAuatlugag 70-130
LAZIALLIN8IAdNN95LTAS 0.01-0.1 AadnFusianlaniu

2. 9 MasIas (Experimental methods)

2.1 fratnansnlalnsraeinaanuidadu 35-37% Aty
nsnageuLdadnlainuliunnlsen Taeiuluaanufaid
Ntlnatin

2.2 wasilanazgungal

2.2.1 Lﬂ?lm Flow Injection Mercury Systems (FIMS)
400, PerkinElmer, USA

222 \tastinnuaziBaasnuldvinil 0.0001 N3y,
METTLER TOLEDO a;'u XS205DR, Switzerland

2.2.3 itesvniinmAannleesu MILIPORE, fuMii-Q
Reference A+ System, FRANCE

2.2.4 99a13NNAT (Volumetric flask) 7115 100 HaRART
Fup AUNIN A

2.2.5 Thipdnisunmg (Volumetric pipette) %u ADANN
AdUR 1, 2, 5 uay 10 NadanT

2.3 gnAdl

2.3.1 mmmmmmgmﬂmwﬁw%q (Hg, Reference
material (RM)), Perkin Elmer, Aanaidindi 1000 Raaniuseans

2.3.2 mmmwmmﬁmﬂmm (Hg, Working standard),
AccuStandard, AaLdudu 1000 Aadniuseans

2.3.3 n9a buvsnidindu (HNO)) %u@mmw?mmxﬁ,
Merck

234 mm"l,a‘l?mmaﬂ?ﬂLﬁﬁwﬁu(HCI)%u ADANWAATIZH,
Merck

2.3.5 Aiu(ll) ﬂ@@i‘sﬁ(SnClZ.ZHzO) %u mmwammm
1A low mercury, Merck

2.3.6 YisAanlennu (Deionized water)

2,37 ufimenineu Auiias Sesa latinend 99.99

2.4 FaATHNU

2.4.1 1oeanuiduidunse afransuinsgiu
(Calibration curve) anqlsaniiszFuA i udy 0-20
Tulasniustedns Inessananaisazaneninsgiuanidndu
1,000 Hanfusedns TunsalusinAanudinduiesas 1 damn
m?@mﬂﬁw,l,mﬁmmmm?{u 253.7 wiluung irdeyaes
m’wxlmmﬁmﬁiﬁmﬁmim’]mﬁuﬂi:'ﬁw'ﬁrmmmiﬁmau&l@
(Coefficient of determination, R?) Iagiinauainnse e fufiasiian
NNNIUTAMNGTL 0.990

2.4.2 MATENAIRE WA NINAGRLRIDEN

2.4.2.1 Fafantransalalasaaedniszann
5 n3u Iflutininesitinusaanleeen Uszanns 50 Tadans
Wansalunan 1: 1 auau 2 Jadans

2.4.2.2 tnaansazaglananiFunsunn 100
fadams Ui Bannsdaeindmaannlessy i lddnAnisge
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NALLAS Aa8ILATad Flow Injection Mercury Systems
2.4.2.3 U5ufsani1az1e91ATe9 Flow Injection
Mercury Systems

Integration Time (s) |20

Data Processing Peak Height, Smoothing: 0.5 sec or
19 point

253.7

3% (v/v) HCI

1.1 % SnCl_in 3% (v/v) HCI

500 pL

70-100 mL/min

100U/min, 10 sec

120U/min, 10 sec

Wavelength (nm)

Carrier Solution

Reducing Agent

Sample loop

The flow of carry gas

Pump1 speed

Pump?2 speed

2.4.3 TAANAN3799311 (LOD) LATNIMNANTARNAR
NNeAYTNNL (LOQ)

seg1eande 2.1 wwmTanande 2.4.2 Auau
10290 thlddarinisganauuas suiuaisazatuInsgy
BaeilAaad Flow Injection Mercury Systems tufinA1ANaLdN
uieulusazann mﬁmﬁmmummgm (S0) AITUAN
LOD (3S'0) thaz LOQ (10S°0) [2]

2.4.4 Anpulawdsd (Bias)

nfetneannde 2.1 wwranmNde 2.4.2.1 1Ry
arsazaraNInsgudsanliiianudndu 3 szdu (0.5, 5.0

waz 10.0 lulAsnsusedns MNANY) Adsdnduas 10 19n
dngdnsazareldunlinimnsauns 100 Jaaams Usulsunmg
saansaainlesauw dalddnAinisganaunasiiauiy
mmmwmmﬂﬁuﬁqwﬁm Flow Injection Mercury Systems
TaspazANdHTuFasTaN8 lug9naLAEN T AU AN
$ReaznNNTALNALTIRLARE ALY Ine e URuANTazANe
4o

mmﬁmﬂi@wmmmmiﬂ

2.4.5 NMIVIANANNIENTENINNAN (Intermediate
precision)

tFqeg19annde 2.1 NuETaNANNTe 2.4.2.1 1A
arsazareNInsgudsenlifiannudndu 3 szdu (0.5, 5.0
waz 10.0 tulAsnsufedns ANANSY) ANNENT AT 1 19
dngansazaneldanlsunmseunn 100 Raaans dsuliums
v g‘a’ o o 1 A v a o
poeintsAainlasen tnlldaAinisganauaIse ey
mm:mﬂmmﬂmﬁqmﬁm Flow Injection Mercury Systems
o ?al 2 2‘/ o o 1 v v dl 9/:// o’
vindpnada 2.4.5 iua 10 Ju PAnA g 10 1
mmmL‘Llﬂx‘il,‘i_luu’]mﬁﬁumNWWﬁ (Relative standard dewatlon
RSD) LW'ﬂﬂ'D’]’JﬁV]m@@U‘VNﬂ?”UQuﬂ’]? §191 10 Su flAanuadd]
S EGIRY ‘Emop’mmmmmummﬁmmwwﬁmummmﬁ’m
yigaly

a 4 . .
3. Naazaa198 (Result and discussion)
3.1 fﬂ'fmmmLﬂwﬁumwmﬂTWWmmigmmmﬂuLﬁﬂu
ANNTU wazAduLsz@nsuananissindula (R2) aagdsan

[ﬂ’ﬁ"Nﬁ 1 99AY Lﬂul,z’ifum‘wmﬂaﬂWMmgmmm@u Lﬁﬂﬂ%@\?ﬂ?ﬂ‘ﬂ

ATATAENIATFIU (lulasnsusaans) 0.0

0.5 1.0 2.0 5.0

10.0 20.0

AINNIAANALLAINIAINENIARY
0.0000
253.7 wluiums

0.0081

0.0167 | 0.0330 | 0.0817 | 0.1613 [ 0.3219

0.3500
0.3000
0.2500
0.2000
0.1500
0.1000
0.0500

ANISANNEULAY

L

y = 0.0168x + 0.0006
R? = 0.9995

0.0000

0.0 50

10.0

15.0 20.0 25.0

AUTNTuYRIasazansNInsgIuUsaY, lulasniusiodns

7171 1 newlnasgunisaeuiiey Awd uazArdnlssAniuansnisindula (R

‘ﬂ’ﬂ\i’&’]i‘ﬂw@ﬂﬂﬂﬂ lﬂi‘ﬁﬂuﬂi"ﬂw

doepnnidudunsszesilan agh 0.5 - 20.0 Tulasniusiedns Ardndlss@nauaniniaindula, R® winiu 0.9995 ArAnuduy

WinAu 0.0168
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3.2 IA_1AANITAT99UN (LOD) wazlnsnianisdaLlsuna (LOQ)

A13799 2 A1 LOD waz LOQ lunnsawaszidinnaslsen

0.0919 lulAsniusaans
0.0386 'lulpsnsusiedns

ANANNdNTULsanIaAtIeIfIf1e 10 19

ANDENILUNIAEFI (Standard deviation, S,

S 0.0446 TulAsnsufaans
LOD=3(S') 0.1338 lulAsnsuseans
LOQ=10(S) 0.4458 'lulAsniusiedns
e
S,=S ! + !
07 70 In "y

n= f%’]mw%’mmﬁq@mqﬁﬁmﬂﬁﬁﬁﬂ1@1%a‘3fm§u'rmnmﬂmu dsunemageuil fvusliivinu 3

nb = 'ﬁmqu%wmu,‘umﬁﬁﬁmﬂﬁﬁﬁmﬂaﬂumwm@u dFunmagenil ivuelstiviniy 1
a3llndniAnmsa (LOD) wazlindnianisdniunn (LOQ) 1esisenpa

LOD = 0.134 lulmsniusiedns

LOQ = 0.446 lulasninsiedns

3.3 AnAxTawas (Bias)
YIHANNINAGELIBIANIATANLFBENIANDE 2.4.4 N1IAUITUANFREAZNNTAUNAL (percentage recovery) FNBLTENNNLAN
ANNIAULBLNLARIFINNTN 3

U I 3/
. . . mmwutunew1ax100
fataznn9AUNAL =

3 3 aa
AWV UENALY

dl % A o dl 17 17 o
AN9199 3 $RLATNITAUNALURNLIANTNANNIANIU 3 72AL

AaALNN + ARaENN + Aaaging +

A198zANENIAITIULTEN
0.5 lulpsnsusiedns

A198zANENIRITIULTEN
5.0 lulpsnsusiedns

A19ATANLNIATTILLTEN
10.0 lulAsnsusiedns

4 A o
ANTREURINITAUNAL

95.8

90.9

956.4

WEUIINUUA

$aeiaz 70-130

3.4 ANAMNNENTTUINaNaNa (Intermediate precision)

F19197 4 g AndeauuNInIgIudNng (Relative standard deviation, RSD) 2841/38% (AMWanaINEaNIIMAGeY 10 11)

ARALNN +
a17azanNInTgIuLIen

0.5 lulasnsusadns

ANaLN +
a17azaNNInTgILLIeN

5.0 lulasnsusiedns

Aaaging +
bR LT QI EGYY

10.0 lulmsnsusaans

% RSD

7.93

6.08

2.89

WEUTINUUA

fpeaT £ 10
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3.5 HANIENUANNLedNT (Matrix effect)
Lﬂ?ﬁuLﬁﬂummﬁummﬂmmﬂmgmmm'auLﬁmummmmmwmmgmﬂmwﬁummﬁummmmnmﬂmmﬁsﬁummfau
L‘ﬁﬂmmmmm’mﬁq@'amﬁLﬁumm:mﬂmmgmﬂi@w

ANNdNTUIR9aNTaTANENIRTTIY (lulasnsusiaans) 0.0 0.5 1.0 2.0 5.0 10.0
AINNTYANAULAITBNANTATAIENIATF UL AN 0.0000 | 0.0081 | 0.0167 | 0.0330 | 0.0817 | 0.1613
ANNTRANALLAIIBIANTATANEFatNsalalnsAaasn

0.0015 | 0.0083 - - 0.0762 | 0.1597

MAnanIa Z@ﬁﬂﬂﬁ[ﬁ]iﬁ’]uﬂiﬂw

0.18

0.16 ~

0.14 ~

== y, = 0.0161x + 0.0004

0.1 4

ANISAANE LAY

y, = 0.0158x + 0.0002
0.08

b

0.06

0.04

0.02

0 2 4 6 8 10 12
muduturasansazateunsgulsen, lasniusiedns

Y, wulaimsasuiisuratansavaenInsgIiulsen
Y, wulAsnsasuiiievtesaisazalefadaildina sazateuinsgul sen

77 2 WBsuifisuanudureanmiinsgunsae Uit uIesasazaaNAs gLl seniuANTuTeIaNTaTa LRt N IANAT AT A
NmsguLlsey

AU REAZANNLANFNNTAIANNTUANNANNTT

AImFuveInItlinAsE — Aanduves spiked sample

)x100

3 .
FRHAZATUANATN = ( ”
AITUTUVRING WI‘IJ'I?I'SSTH

_ (0.0161—0.0158)
B 0.0161

100

= 1.86

aquamsiBuifianpnuuanaesnnadusneiilaiiuiesas 10 wansinianaseuiflifinansenuanideans

3.6 MsuszanasAANliikLiuey (Estimate uncertainty)

nsAnmnifl4aFszanauAnAn laiusiueuaeentsialagld Method validation approach A1uLANE19 VAM Project 3.2.1
Development and Harmonisation of Measurement Uncertainty Principles, Part (d) : Protocol for uncertainty evaluation from
validation Tngl Barwick wae Ellison [3] 1AnAslsiniuenainnismageuaulendss u (R) wazAanluiiueuainnis
NAFELANNLTAEA U (P) itelseifiuAnanuldutieneensinsl

76 BULLETIN OF APPLIED SCIENCES VOL. 8 NO. 8 AUGUST 2019



u, = C\/u(}"«')2 + u(P)?

AnAd Tl wtuauaens
U=k Xu,
4 . LA 4 4y
m13797 5 agilenannliuiuesunsziuauEeiuFenay 95
378013 13an
, , o Anulawdss u(R) 0.056
wAIadAIANN LN UL I
AN U(P) 0.079
AN g (1n./nn.) (C) 0.005
Al dueUIIN 1, 0.00048
A ldLiueuTENe NI iuANTauEasas 95 (k = 2) 0.00096
Aol wiueuaesAaluianay 19.2

4. @51 (Conclusion)

nsnsadeuAn i ldredninadeudinnndsenlunsalalnsnaesninamaiia Flow Injection Mercury Systems (FIMS)
‘Emﬂmwmuamﬁﬂwmzqu:ﬁme\muu‘”ﬁm\ﬁ%mmu151’1,m' daepnuudunss Inaninnisnsaat Iadnnanisiniiunn
AAnLTeEEY ANANHITESIEIaNANS HansEUAnitieans wuddlulnanasismun TnefiAiacalluiueniisedy
prwidesiudesas 95 TaliRusasas 20 el frifinsannnsoindinaaeusinanunldnaasuiannlsenlunsalalnsnasinle
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Abstract

The impact of chemicals, chemical substances and hazardous substances, is still a problem and affects the current
society. It consists of the growth of industries related to chemical products. Additionally, the rate has continued to rise.
Chemical Industrial activities are highly possible to use a large number of hazardous chemicals. Also, there are likely to be
risks from the use of hazardous chemicals. In additional, the chemical management is not correct and appropriate enough
resulted to its effects the environment. The purpose of this research is to study the current chemical management and develop
guidelines for Informing the chemicals management and safety in the chemical industry. The survey method was used with
a designed questionnaire and the personnel development tool in chemical management was also employed. By providing
training courses that cover chemical process management in chemistry laboratory. Results found that 3 main factors affecting
the informing of safe chemical management practices for the chemical industry are consisting of 1. safety management
system in the organization. 2. chemical safety measures. 3. safety management in the laboratory. For in-depth interview
results found that chemical management and safety in the laboratory depend on the policy and vision of the management

by executives in the organization support these matters.
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The effect of strain rate on the determination of mechanical
properties of steel bar for reinforced concrete
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Abstract

In tensile test, most of testing standards specify applicable strain rates because of that the materials will yield at different
strength levels and are slightly sensitive to the strain rates for the tensile strength. The materials tested in according to the
testing standards should present equivalent strength values without considering which test laboratory performs the tensile
test. The presented material strength may depend upon the used strain rates. Therefore, the question comes up whether or

not different strain rates have an effect on the mechanical properties of the tested materials.
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Keywords : Strain rate, Strain rate sensitivity, Mechanical property

NINANENANARTLTNNT NevTARIAINTIN
*Corresponding author e-mail address: werachai@dss.go.th

88 BULLETIN OF APPLIED SCIENCES VOL. 8 NO. 8 AUGUST 2019



Referring to the testing standard of steel bar for reinforced concrete, it is required to know definite minimum values of the
mechanical properties of steel bar for reinforced concrete, such as yield strength, tensile strength, elongation, reduction of
area, and elastic modulus. Therefore, testing laboratories have to test for gaining reliable mechanical property information,
which will lead to the exact utilization. This can avoid severe damage, loss of life, and high expense in maintenance.

This research study aimed to study the effect of different strain rates (0.000185s™, 0.000555 s, 0.001296 s™', 0.002222
s”,0.011111 s, and 0.02963 s) on the mechanical property values (such as yield strength, tensile strength, elongation,
and reduction of area) of steel bar for reinforced concrete by considering the strain rate sensitivity (m =Ax/A8). The
experimental results showed that different strain rates had an impact on the mechanical property values. When the strain
rate was increased, the tensile strength tended to decrease (around 13 MPa) and the yield strength tended to increase
(around 19 MPa), according to the strain rate sensitivity for the tensile strength m=-0.0024 and the strain rate sensitivity for
the yield strength m=0.0045, respectively. The increasing of the strain rate had more effect on the yield strength than the
tensile strength. In addition, the uncertainties of the yield strength (about #30 MPa L.as +47 MPa, respectively) and tensile
strength (about 60 MPa WAz +82 MPa, respectively) were higher at the minimum strain rate and the maximum strain rate.
Moreover, when the strain rate was increased, the elongation tended to decrease (approximately 3%) and the reduction of
area tended to slightly increase (approximately 1%), according to the strain rate sensitivity for the elongation m=-0.0341
and the strain rate sensitivity for the reduction of area m=-0.0032, respectively. When the strain rate was increased, the
elongation significantly decreased. In contrast, the reduction of area slightly increased or barely changed. In addition, the

uncertainties of the elongation (approximately £0.2%) and reduction of area (approximately £0.3%) were risen very slightly,

when the strain rate was increased.
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3. NALAzIA190 (Results and discussion)
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Abstract

This research is aimed to improve the nutritional oyster mushrooms with waste coffee grounds. The coffee grounds
contain high nitrogen, a key component of the plant growth, phosphorus, potassium and other substances that enhance the
development of mushrooms. The coffee grounds were used to be substrate of a gray oyster mushroom which produced by
the Department of Agriculture. Mushroom cultivated materials were combined waste coffee grounds with sawdust as the
ratio of 50:50, 25:75 and 0:100 (control). The results showed that the mushroom grown on the material ratio of 50: 50 gave
two-folds higher protein content as compare to that of 100% sawdust. Furthermore, the mushrooms grown on material with
the ratio of 25:75 gave 51% lower calories than that of sawdust. In addition, oyster mushroom yields were higher than those
of sawdust alone, up to 19-110 %. Thus, it is indicated that the waste coffee ground is suitable material for growing a gray
oyster mushroom and can be replaced the sawdust because of producing higher nutritive value oyster mushroom, novel
substrate of mushroom and high value added of waste coffee ground materials including reduce a problem of refuse many

thousands tons of coffee ground waste.

AAATY © HIAWIIN TARWReTNNINNILA Tidey
Keywords : Oyster mushrooms, Waste coffee grounds, Sawdust
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102 BULLETIN OF APPLIED SCIENCES VOL. 8 NO. 8 AUGUST 2019



9,000

8,000

7,000

6,000

5,000

4,000

USunause 50 fiau vueesanianiy (ndu)

3,000 -
2,000
1,000 +
0 T T T T T

A.

B.

C. D.

E.

qmT*

UL *

A. Control (Ttane/l&fenannsn 100%)
C. nnilaannun 50% HANTLALY 50%

E. nnuaAnIwiLA 100%

k3 |
G. MAWNAANTILALA 25% NaNTLARL 75%

B. nnilaanniun 100%
D. nnwaanniui 25% nandiaas 75%
F. NNWAANILANLA 50% HANL

UM 5 LEUDHUAAIL BN UHALARTDAUTAAWNTNTDIGATAN ]

At 50%

= o 5 o & . P ER= N
\Tquﬁ'ﬂﬂﬂqﬂ“ﬁﬂ’]ﬂﬂ’]LLWLﬂuQﬂQVlﬂLW]‘LHJL@@EIEI’NW’]?’W mma?mjfmmwmnmmmunu‘l,umisn ARDLLNNIIT UnFiTIAN

WwasmafaunIzintinmin 1 ﬁi@ﬂi”u 91A1 3 U luiesaaaaefeuniziiagns Control (T1aeslda1esnnsm 100%)

o

nisdaflunisindnninniunlieensduatuazidsclomigegn Fananslupeadi 7

dl a v a v =3
AR 7 Wraudiay AUNUNTTNARNBULNIZLYIA

X
gl
win 1 Alaniu 97A7 8 L muu NINARNAUNE L‘Viﬂ‘V]N@NﬂWﬂﬂ’]LLW 50 ﬂ‘ﬂuﬁlﬂﬂﬁ]i ‘Wﬂu@mmuwumﬂmnglumi’mw 7
=
2

ans Jantgnaipisieien | ansunu HARARUWINIZIIA | ansTuYL 50 Aaw

. 2um 1 AtanFN(L) | sedeu (W) | 50 Aew anduu (W) | Asduiesas
Control (H@at/lenewnsn 100%) 8.00 - - -
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Effect of tungsten dopant on structural and thermochromic
properties of vanadium dioxide synthesized
by hydrothermal method

nsaafing Hane”, Andien Uanla, sanef lausuia’, nsasniryadd Aunadmun’
Krongtip Termkoa"", Kittiya PlemJai, Woraphong janetanakit', Krongkran Sirinukunwattana'

UNAnga

mu?ﬁﬂﬁﬁimmﬂivmﬁLﬁlﬂﬁﬂme'ﬁwmmmiﬁﬂimﬂimﬁmLmu (W)‘ﬁlﬁmﬁiﬂmﬂﬁmqmm%ﬂum“iﬂi'w‘ﬂmm%‘wwm
nupienlasanlad (Vo) TaelHansiadunndeummen’las (V,0) uaznsaeana1an (H C O ) iluddsaadinednadou
Tuana 1:3 Lmﬂmqﬂmvmuﬂﬁaé"l,a‘llmmmmammum 26°C uay Lfr«vawmLmuﬂ?mmmmnmqnmwaamammummmu
mwfmuuuﬂmqummuzﬁq @19 VO, LL@zmmLfa'ammmummLm’lxﬂmgnmmqmmwmmwmﬂ Differential Scanning
Calorimetry (DSC), X-ray diffraction (XRD), W&z Scanning Electron Microscope (SEM) waanninaiin DSC wanalfindNnIg
AeteainuanansnaagnuginsuifutvegiuBnasaniideadly Taemgnmginsdduanadiie 35°C deide
aanudesay 5 Taeninwiin

Abstract

The research is to investigate effect of tungsten (W) dopant on thermal and structural properties of synthesized vanadium
dioxide (VOZ). VO2 was synthesized using vanadium pentoxide (VZOS) as a precursor and oxalic acid (HZC204) as a reducing
agent with 1:3 molar ratios by hydrothermal method at 260°C. W with different weight ratios were added to the initial solu-
tion to reduce the phase transition temperature and a subsequent thermal annealing. The as-prepared VO2 and W-doped
VO2 powder were characterized using differential scanning calorimetry (DSC), X-ray diffraction (XRD), and scanning
electron microscope (SEM). DSC results showed that W doping can decrease phase transition temperature depending on

concentration of W. The phase transition temperature was decreased to 35°C when VO2 was doped with the 5 wt. % W.

AdAty : nszandagsazinafiulasin cuunuslaeenlad goungiingwddu
Keywords : Thermochromic smart glass, Vanadium dioxide, Transition temperature

NINANENANARTLTNNT NevTARIAINTIN
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1. UNU (Introduction)
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Iummmmuﬁmzﬁqummmm@mLmum”l,ﬂ [4]annuguaTing )
undesduil vuAteilfesnisimunnszuaunsnannszan
faasazuuunesiulAsin NN AU AN UET AT
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e limevanesiugougiufiaseludsznalng vinlinszan
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aa a o .
2. 96mM43948 (Experimental methods)
aa Qs 4 = d ¥ aal
2.1 Iamsdanszinunaslaaanldnnieislalng
IMasNaa (Hydrothermal method)
Anlalnawefueadlunszuiunisdanziansing ldaans
F% o o U o aaa k2 ld‘d
Faunaza s liiansaranevinljisenlfayniandawn
Wan HAnuiisgnagelaeacliansazanavizaaisuaouans I
frudlsluniafinUfisendAyvatado wuponuidudu
199813028 GUNNRNTNLGTREN szazaanliianieu pH
109817azane uRU [5-6] “uAdeddunszinundla

'a'aﬂ"l,snm""l,mf-mﬂmmﬁl,w,mﬂuquwaﬂisnm (vV.,0) iitiTugns
faunasiFaddaansaeenan (HC.0,) maﬁmmmu‘tm
Tua (1:3) V,0 H,C,0, ava8liinndy 4181901 d8uaNNNg
naiaUfisen Al

V2(25 + H2€204 + 3HZO —> 2VO2 + 2HZO + ZCO2

TuduneuilnsneenaianazaaefanisaauFaulsdnig
mfueulaeenlad uazulasunreendiadureniuiauann
Vv Lﬂuy“* [71d77azane (1 :3)\/'205: H,C,0, gﬂmuﬂmm@lﬁm
AIYLATOINIULYINUNINANTNGUNYH 90°C AaNNLTTaY
1,000 rpm Lﬂumm 1 #alu4 ansazansaziaguandduiy
v G mnuum@mmmLmu‘Lummymmm@mmmm
neuddulneldnsasivann (Tungstic Acid ; H WO) fagl
An91491 (0, 3, 4 AT 5wt. % W )Iﬂﬂ‘i’l’]ﬂﬁi‘@yﬂ’]ﬁ HWO, lu
ansazanauanluile (NH OH) mmvmu 90°C @uimmmwmﬂ
alalild thansazanelafldimnliluasazana v 0 HC O,
Ty mﬂuummm”mmmL\‘iuLsuum”meifﬂumfnuv
asueslaatawnBuing 250 mi wdadaaneud
grundl 260°C funan 4 dalus RelAlHdufigugiivies
antudnenznaudastnnauvans I pks ldansazans
anmzney udanildevlaliuded 90°C Wuman 24 dalua
sl ddauniidlRnazvinudnunizdasmaiia Scanning
Electron Microscope (SEM) Differential Scanning Calorimeter
(DSC) wag X-ray diffraction (XRD) LazFatNsEndaunii
”I,ﬂl,m*?igmuqﬁzgﬁ{ 450°C nelsianiazusseania Luean
1 daluq tielians Vo, waswnafianaaiesunny
WAILATITUAMANHUZAREIATA SEM DSC way XRD
ﬁ\ummlugﬂﬁ' 3

3. NAWATIANTDE (Results and discussion)
3.1 sntiRanuiumnadlulasiin
annisneaasdaazinubenlaeanlas TnadAnm
ﬁf:LLﬂiLE*mmmiﬁ@msﬁmmeﬁ@ﬂi“uﬂgmuu“ﬁm@ﬁu‘imﬁﬂ
Iirgnuginanidduanacuds Iiiweidannsildneu
meﬁmmﬁgmmﬁ 450°C 1IATITTANAN TR ATIA
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T — ; h

Stirring at 90 °C for 1h

V,04H,C,0,(1:3)

0%, 3% , 4% and 5% of W-dope

No annealing

Characterization
e

DSC, SEM and XRD

Annealing

Drying at 90 °C for 24 h Hydrothermal at 260 °C for 4 h

= 4 v sy aal -
gﬂ‘ﬂ 3 wanadunaunnIfuAEifaeAt lalnsnesfuea

40

&7 —8 %

Heat flow Endo up (W/g)

25 R 45 55 & 75
Temperture ('C)
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Scanning Electron Microscope (SEM) Differential Scanning
Calorimeter (DSC) waz X-ray diffraction (XRD) lanang
AAzANAfail

3.1.1 HAMSIATIZRIELNATA DSC

dl v o 8% aall ¥ 1

uanldannnsdansziisneialalnsme fuaanauiay
WAALENT 450°C NidinnsiReansviadiauluansazate 1:3V O
H.C0, (FaeEMINEI1 0, 3, 4 AT 5wt % W )mnﬁmmwﬁﬁqa
walla DSC Tmmiu@munmm 25°C 114 80°C ummnuu@m
fqmm:ummw 25°C ANUANNTALATIZINLIF AU TTaRaT
A A o 1 s a A 1
Rauazldireansamuladianintaneslulasiin Aaliny
WATznIN9gUNR 25-80°C AIUNANNIIATIZTUBIENUAILNN
da . v . 4. . o
NAgaisamu fadnsdaunuandeiuiansdalugly 4
annaei ldiReansieaEIW LN AYTa AN gD AN LT
71 68°C Faiflulumunnud) [3-4] daunafi@efavieainunudd
ANITNAAUAINTNAAAY N RNIINTTY TnenI9iReNdRs
5 wt.% W gaumpiinsuiduanasniegntsran 35°C uazi
5 wt.% W fanuiaf 63°C 8n 1 AR LWAeAuiuNanng
AATZANNTRBANITIALAUN 3 Wt.% W WLWAT 55°C uaz 62°C
mMafiafiAgedqailiinanmafidanseilsdauneyniavie

Fnwnusfiuansnaii %mamﬂﬁmﬁuﬁﬁmm Lei Dai LazAnL
[8 ]mumimm Awt. % W WUTAT 44°C uay Lu@@mmmmm
Az WLRAT Uszanny 35°C gunninsWTFuLes VO, fide
Faeanuanatiiosannlesen e Hiszquanga LLWiLmﬂﬂ
unuileaau v lulaseasrananaes VO, inliinagidnnseu
2 franndu d sedlessn W inaeuliunuiilessy v Indides
wsanaalidn wdnldaaneiusy V- v uazifiaiuszelul
AR VWO LAz VATV mmmlﬁﬂ%qmﬁﬂu(Homo polar) 784
Walse V- V¢ i i umdaany (Band gap) 199 VO_ AR UAZ
LW@mammuﬂuLmammmiu@munumnumumm [9-11]
3.1.2 HAMSIATIZWR2ELNATA XRD
ennsfidanmeildinssigaemaiia XRD Wa
mﬁmwz%mmﬁagﬂﬁ 5 WEaNTLNT 450°C HAMsALATIT
WU TR ARUEa S RIda 0, 3, WAY 4 wt. % W ag
WU diffraction angle, 20 Usyannufi 27.8 36.9' 42.1° 55.5°
57.4° uaz 57.4° meﬂumummmmLmﬁm"l,mﬂumaVO (M)
(JCPDS 43- 1051)smmmm@mnwmmq@mm Xiudi Xiao bay
ARL [11] WoNanniina XRD fanuinlaes VO, fifAdsyann
15.3° 20.1" 21.8" 26.2° 31.1" 32.5" 34.0° WAy 41.6° [12-14]

Intensity (a.u)

¥ vo: 0 v;0

4% H,WO0,, 450°C

H 20 30 40

50 €0 70

20 (degree)

= = ey N : AN oy a o o Ao o Y o = e
g‘ﬂ‘ﬂ 5 HANITUATIZVALLNALA XRD vagnAaunldlAReiaamuLasudunRiReTaanusa e g nsdauiuanFnafu
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“ "——— — A
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‘»
c
Q
-
£ N 0% H,WoO,

27 27.5 28 285 29

26(degree)

U7 6 nan1TAAITIFLmMATIA XRD 189HIAANITNALA

yananniasUdmEanAsEnds asuiluiianamies
Lﬁmmnmﬂmﬁfqmmﬁ 450°C Meilsian1azussenad Vo,
ly@dazannniaiineandLadis (Oxidation) AaaTinLisen
ﬂm@ﬂsmiﬂummﬂ mﬂummamuimﬂ@ﬂuﬂ@umLﬂuV 0,
anAsiuay meaLa_l‘??ﬂumﬂ‘unum\m"l,u"l,mL@@mammmunﬂumv
WAL S VO, uaz V.0, menﬂmmiuwuwmm 20.1
1Az 27.8'184VO0 V. O gL Tl amdnan s @erea iy
Hua m@m@tﬂ@aum’ummwm 2099927.8 mmﬂw 6 me\ﬂ,‘w
TN ARANITIALALT 3 wt. % AUMLeTin 20 [@euduNNs
AN SN TRt LRI IRRENT 4 Wt % Sk 20 azifien
N19ge mmﬁmﬁmumi Bragg Ae 2dsing = A, Tned A
m@mwmqmum@\mmL@ﬂsﬁmnmmm mmmum 0 LAy

o

d luszazrinsszminvaznan Luﬂumrmamumw d mu@ﬂ
Iummvmummma‘vmuu@ﬂ d favmmu HAURS d AUANGNAAL
Anaann W 85aillug)ndn vl il W unsluilaseaiandn
VO, Wi v i ldevey d sty [11-12,15]
3.2 ANLANI9IATIASS

3.1.2 HANN9AATIEARELNATA SEM

gﬂﬂ?‘i 7 (N) WAAININENEAINNABIAANTTALIBLANATEY
Jo9ans AL V,0_aziuléidn v o_fdnwaszifluuvis Haun
ANNENALTENIDL0.5- 5 um eV Anmnananagesszeziaan
nnsinlalnsmesuen tnananlalasimesuea 2 49luqann

4 Faluanhy wansagl 7 (1) aInnInee SEM aziingn
aympLnsdrugLimsnanisliBeuuacianefinmeenan
u@nmnﬁuﬁqwmgmm‘ﬁ'LﬂuLwiqmeﬁmﬂuﬁ’ﬂu‘imaﬁm@
sanfugeaduiouiuaudunsanay wazunsdauduuried
Lifusaufen anuanisAneniazdfiudnszezinainisin
lalasmafueaiinadnunizlaseainauesaynia gﬂ‘ﬁ' 7(P)- ()
LanenaFeufiunadseidan SEM vednefiidedns
AU OWt% 3wt.% Waz 4wt % ri@mmwzﬁ’ﬁqmmﬁﬁ
450°C HANTALATNLALBIHTADAN TR OWE % UaT 3WE%
wudnauniagaulugdgdsraiunsananialiFavuauin
sz 2-10 um Tﬂﬂmm"m%ﬁmmmgms‘?‘iﬁﬁﬁnwmz
mz’iwmniﬁ’lugﬂﬁ 7 (A) YNIILURAANN NN ETBIBUNA
*’71'Lﬂum\iﬂ@u‘?‘iﬁmimuﬁqﬁumg,mﬂLﬂuLwiqLL@xLLNuﬁEQﬁﬂﬁ
fidnwnzadrenenlsl uansliiuinssminduneulalnames
mamm”@W"meﬂgmmﬂummmimmmmm@ummmﬂu
rmu (Agglomeration) Laziilei Befieuri HRMANN TN
#i 450°C wmumﬂm\m@mmmﬂuﬂﬂﬂummiﬂw 7 (3)
FFUINT A &N T IALAUT 3% mamuugﬂmam\m@wmm
aynafuurisiazuiunzansoadanentd aznunnly
Hm%auummmw%m@mmﬁmﬁumu’%ﬁmm Jinxing Wang
LATADLY LLﬁiLﬁfaﬁfaﬂﬁmqgﬂﬁ 7 (3-7) ARULATUALNINLLNH
mémﬂﬁnwm:l,ﬂw,l,viﬁ'{aqmémmm\m@mmn%mmzmmm
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naananinziwdunaulun LiEefiansnnuanisALas
vesnaideansfl 4% Fauanslugilil 7 (3) asnueymahudule
wazdizinsenan uazdnenznduudwdntes Ingazwuaynia
m\m@umn%uuﬁqmmm’lugﬂﬁ' 7 (5Y) AMNEANTAATIZHAE
wAila SEM f‘:u,mm‘l,ﬁt,ﬁumﬂm%ﬁﬂﬁwmﬂﬁuﬁmﬂuﬁ@u
mn%ulmzmiﬁ'amﬁmLmuv‘iﬂﬁ‘lﬁmmﬁuﬁqLﬂuﬁ@ugﬂéw
nesnantiasasazihudunazuciu flaanniativedlaseu e
fuwslnngndndrdinedlesen v uazile W umiiily Vo,
deaempdasiulunisiinzinadng XRD uwazauAdTe
David Aillie LazAndy [7]

4. @9 (Conclusion)

amddedldvnsduamziansmeslulasiin VO, #ineida
lalnsmesfueatearlfanniumdi anuanisiinaziidag
wATlA DSC uelludnauniigniugll 450°C Telaifinng
Lﬁfam?‘VT@zﬁLmu@mmﬁmm%‘ﬁu@fﬁﬂsxmm 68°C uaiile
\RBANITIIAAN 5 wt. % AIN1I0ARGIMNRNIIWTTUAINN LS
£435°C iflpsanndindaann (band gap) anasainnisiless
w dinldunit v u VO, wazaansiasarilaadiasdanalis
HUUNANTIUTTUANAY A9UN19TATITHRAGREMATIA XRD
%wudwmri@mmwﬁum%mmﬁﬁ 450°C nelianiae
UITUINA mavozwzhul,ﬂﬁlmummﬁmﬂuvzq ilesann
\inN"g oxidation N1TNNTIRAANITIAEWINTHRILAA 20
Aerdumadudadnties uenaniineng SEM uandli
Whuhansiiguasefldlaifinnduiamugiaiunsnan
FUIALTENINL 2-10 um HIU RN AL AL HUNINZI9NFY
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nendanm iR rasiudusnidanapeaiiuansng
fudszNnns 1-5 um waziiunafidunsanas
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A

Automatic

C

Chemical

Chemical industry
Chemical management
Complex inorganic compound pigment
Coral red pigment
Cotton rags

D

Damage evolution
Density

E

Elastic modulus
Electronic balance

G

Green Laboratory

H

Handicraft paper
Hydrochloric acid

I

Indentation hardness index
Internal calibration

L

Laboratory

Laboratory Management
Latex foam

M

Measurement accuracy
Measurement precision
Mechanical property
Mercury

Keyword Index
Bulletin of Applied Sciences

Vol. 8 No. 8 August 2019
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40
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78
78
34
34
25

48
17

48
40

55

25
72

17
40

78
55
17

64
64
88
72

N

Near-infrared reflective pigment

@)

Oudemansiella canarii
Oyster mushrooms

P

Papermaking

Pattern

S

Safety

Sawdust

Solar reflective pigment
Soup

Static electricity

Strain rate

Strain rate sensitivity

Sustainability
T

Thermochromic smart glass

Transition temperature
\%

Vanadium dioxide

W

Waste coffee grounds

Weighing
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A

Acharawan Wattanahuttakum

Akarin Paibulpanich
Anantanat Kantanyarat
Anucha Sinthusarn
Aphiya Sukmak
Apirusht Somrith

B

Boontham Limpiyapun
C

Chantarat Vorasapavit
D

Duangkamol Chaosrimud
J

Jiraporn Burakorn
Jirasa Krongkrod
Jittakant Intiang

K

Kartpan Sakulkaew
Kittiya Plermjai

Krongkran Sirinukunwattana

Krongtip Termkoa
L
Lada Pansukhumthana

Laddawan Yeadyad

Author

Index
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64
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64

78

55

9, 96

72

40

17

106

106

106

34
55

N

Natthakarn Ketkoom
Nonglug Bunyovimonnat
P

Pattama Nopparat
Pattana Rakkwamsuk
Paweena Kreunin

Pran Pintong

Prasert Saeju

S

Saksit Deeum

Sattiya Deedoungpan
Sitthisuntorn Supothina
Sompote Boonsanit
Sorada Khunhon
Supachai Jindavutikul
T
TeerasakTangkittimasak
Thitarini Suropan

w

Werachai Lamo

Wichit Sirichote
Woraphong Janetanakit
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