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ABSTRACT

Nowadays, rice products are studied to enhance its value such as in medical
supplies and cosmetics. This research is therefore interested in the introduction of rice
flour products to improved the loose powder. The study to improve the properties of
rice flour two types of plasma techniques: low pressure plasma and Dielectric Barrier
Discharge plasma were used This study at 50, 75, 100, 125 and 150 watts dielectric
barrier discharge plasma dissipated power at 90 watts. Based on the experiment, after
the sample of the rice flour bathed with plasma the results will be used to test the
physical and chemical effects. Measuring the value of the free radical density of the
plasma It was found that the low-pressure plasma detected the important free radical
density: OH, N,, Hg and Hq and the dielectric plasma barrier charger found significant
free radicals, namely N,, O and O,. After which, the physical properties of the rice flour
were observed by SEM it was found that after treatment rice flour had a more rough
surface when the power increased and Rice flour after the dielectric plasma barrier
being used to measure the water and oil absorbance found that the sample had a flat
surface. In both results ability of water absorption decreased and the ability of oil
absorption increased. The chemical analysis by ATR-FTIR technique found. the
chemical composition of protein, carbohydrates and fats, which are the main
constituents in rice flour. The result of the analysis using XPS technique found the
group of functions of the terminal has increased and the non-polar group decreased
thus corresponding to the effect of adsorption. Results from the UV-Visible

Spectroscopy technique of both plasma types were not found to be different before



and after plasma transduction. Finally inspecting sterilizing contamination of
microorganisms after being bathed with the absorbances and reflation plasma found
that the samples of rice flour did not find microorganisms. Therefore, It can be
concluded that the plasma treatment can be a promising technology for improving

functionality of flour and enhance its value in various new products.

Keywords :  Low pressure plasma Dielectric Barrier Discharge plasma Rice Medicine

and Cosmetics
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ADUDIUMILNANELT WA (/) A1SUBY (C1s) (9) lulmseau (N1s) (?) 9ONYLAY

(O1s) A9 AUNASUVDIFIDENATIDTUAVIWATEL Y+ 75

AT 53 HaINTIATIERREmALla UV-Vis NauLasnaiaTUNanauILuy

Tadldnysnuusioasfav1sanszeziaa1 0 10 20 30 40 50 L% 60 U eovroeeeooeeoeo 77

ANA 54 $79879 () NBUBIUMENAALT kAL (V) NIUNITEIUNIENAIFULUY

I A R TN VR 1o o ka3 A DO 78

Al 55 namaSsuliisuresiegsnsgadulaglinaranuuuladidnvinuutiens
fawnsa (n) mageduinvesfanuey (kinunseufenatann) waeiegisiiimunsey
fewananinafiunnsnsiufie @) 10 Junit (A) 20 Funit (@) 30 Juit (9) 40 undl (@)
50 Junft wa (2) 60 Tunft () mMagaduiiiy squalene vosmaniuau (likunisetudae
wanawn) N13Butigiu squalene wBsiaagTiHIUNTTOIURIBNITETUMENAANTLANT
waNAafuAe (1) 10 3W9 (1) 20 Jui (gy) 30 3w (g)) 40 Ju¥ () 50 FuW way
(8) 60 UMD ot 79
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a
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undl 2
quﬁLLazﬂqiﬂiﬁﬁlLaﬂﬁqi
2.1 wadun (Plasma)
2.1.1 AMUNUIYYDINATHUN
waraude an1zfiozneuvieluianafiiuiinnisiduleseu (onization)

Usznausie Bidnasou leosu aynialiussy wazeun1aveafing Mlilaesiuudinaiaun

v
S| LY £

Fapsanimdunaraniglia f191 “wanann” dgndyedAlae wasdas (rving Langmuir)
tiniafiseTaluual 1932 MWiileussensanmineiignyin i iulessulaenisi aviiase
i (electric discharges) asmliﬁmmWmamgﬂmﬁmiﬁmﬂﬂizmumiﬁiawﬁ lauA n1svia
150U (heating) MsAavisameluin nmsilulessumesssd (onizing radiation) wayn1sidu

lopawuainniswu (collisional ionization) (5593504 Yeyey335e4, 2550)

A

P

"5 Plasma

e® o
o 6\’1:&\0
\O
=
Gas ( Ory ) 2z
Co, Zaz, 17
en, On >
a’flgn »
e A > S
3 & o =
5 =
5 E Liquid £
S L
V v aeﬂ;\(\g

<\

Solid |& \@@\*“n

2f 1 dfuanIUELazNIEUIUN1SYRsEasnauLTunanaun
(http://en.wikipedia.org)

satiudedednmanauduaniugit 4 vesaans denulay Sir William Crooke
£ aaa v 6] a 1 c{' @ 6V
untalNd@nay (Crookes, 1879) “1NNANTUIBINUAYUADIUS VBILTS VBILUAD N
(solid-liquid-gas) Mnisuiiugamgil vise indanuuneyniavesingliuifigseliisey 1
WU NSTANRIIUAIINTIUDT 20,000 B9ALAATU (Crookes) L51aglanatautuesfingiy o
lunsufuRgaumgiienasininilaududnalnnisviliilulessuvesfing agrdlsfiniy

wanaulneaunauianiiziunanameliin (quasineutral gas) Inefidnwuzlanizdfgy


http://en.wikipedia.org/

- ! = &
Wesnusdlnihsenineuniagaduusesseslng (long range force) karayNIAYDINATALN
nnfnszinfeaynIadaAsiuLaz iy waraundemevaussneawnliiudindnaieuen
1% a 1 [ . . dytv LY 2 <
AIBNEANTIUIUAU (collective behavior) uananlldiauisatulaimaraunduvesiva
1 (conducting fluid) wsnzingniienulnduveslua Geisse yayaassal, 2550)
2.2.2 AFZUIUNITNANATEU

nszvIuMsianalanduadulng tAnanuisemiaail Ujaseaiiniely
WAL TULAANITUANAY N15TIUMUTOLITLANITTUNAIIULag A endsn1eTuinIy
Feanunsauanabansil (89a510500 Yy, 2556)

1. mauandaudulosou (lonization)

nsiaUisevesmatanneluiesgyinadlingluarulussduasinas
fianususnunn 9 lanansseznauvesielugyayinierdanisvuiuvesdiannsoudass
Y] 2 e °o w dll 2 A a ° Y A 1 a g v
Aueznounseluianaludfny lnsadululasinvseniuingyiuiiNisediana seulid

(%) 6 [y A [ 14 [ a |
wasuladldruivesnauvsaluana lvesneunatsidulesauiaviinnisganas
(glow discharge) Waguanugidunaraniaglaviavesineninisilaaas waawniiafiag
(ultraviolet) MAnTu Arwdludsnuenduladiendaiazeglugisniiueninau
Ly} 1 ] [ 23 4 a < a goj a [

400 - 700 U1luINT fog1uNIITeaIreafinwesnauinlJukaadv NIty AsEuns
NULANAY uazNasudAIfuandluaLN1TA 1 2 waz 3

lonization energy of Argon

e+Ar —»Arf+e First ionization energy 15.7 eV (1)
e +Ar —> AP e Second ionization energy 27.6 eV (2)
e +A% —p A 4 e Third ionization energy 40.7 eV (3)

FaarnnsiUBsuanuusiiuves Ar | (neutral atom) asiinsdaiesdidnasen
(electronic configuration) 1w 152 2s% 2p° 352 3p° w30 [Ne] 3s? 3p° dyanuwailNouves
anuilu fe 'S, dAwduaniunsedu 4 anuzuandfindeeumdian (four lowest - lying
excited levels) fiMsdniseadianasouluy 1s? 252 2p° 3s? 3p° 4s %38 3p° 4s wazgQnisendn
SEAU 15,, 155, 154 haz 155 AUAITTBUAYANWalUUNIALYY (Paschen’s notation) @115
azmmm%ﬂauﬁagiuamuz J =0 1s; CPy) T11a1¥3a (lifetime) 1.3 U9 way J = 2 1ss
(P, f11a%39 38 FuT dwmSuaniuy 1s, way s, Mend J = 1 wnilaufiu Favaansanuzi
9z3in13aa1867 (spontaneously decay) 1ﬁﬂ§uLLﬁLMﬁﬂlWﬂwaaﬂmLLﬁaﬂﬁuaamﬁamuzﬁu

Tnefinaniadu 2.0 uar 8.4 ATl MuaIRU (Schappe wagAmy, 1994) AInINA 2



Energy (eV)

2P,

157 257 Epﬁ 3 3p‘ ds N J

1s" 25" 2p" 357 3p’ 4
28" 2p 357 3p dp

11 F -

I N S e T
Is" 257 2p 35 3p S,

[

AT 2 SEAUNSINUBUUALLDEAVDIDLADUDISNOU

(Schappe wazang, 1994)

2. M3QNNIzAU (Excitation)

[ a ' A aa [ [y [ d' 1 o b4
Waﬂﬂ’]u‘l/lﬁ\‘iN'WULMEJ@Laﬂmi@‘hmigiﬂﬂlﬂﬂgiuﬁgﬂUwaﬂﬂquwaﬂﬂ'ﬂq ‘V]']I‘Vi@%ﬁ]@ll

[%
&Y

tuluegluanuuznszdu fuuanvimdanueadvesdidnaseuiiindesnimdsnulunisusn
indulovoussuansluaunsi 4
e+Ar —» Aff+e (4)
3. msuenfIeen (Dissociation)
Junszvaumsiiinainnsiinsganszsinlaednavesaduanuding i
nITUIUNTUENTIENvesAweaNTLaL Tsannsausndieenilueendiau 2 exnou filans
Tuannsi 5
O,+e —» O"0+e (5)
NAINNTUENFILRNUsEAVEAme I SAnU AT aiadl Ao nandnildas
fufAzeanuladeniniinufiseniiiiuinniineuiezaeudliuenda n1suenda
(dissociation) e1atinafiun1suansalulessu (ionization) nselifld duAngiuasisendn
dissociative ionization faoeedsiansluannsi 6 uay 7
e +CFy, —» e +CF; + F (dissociation) (6)

e + CF, —» 2e + CF'5 + F (dissociation ionization) (7)



U

2B

HAYDINITLTOIAIVRIN 1w NanAUAULAEANGYBIAAUTINYIgNNTE
o < ~ ' & a ! . = = q' ]
rdunaiunagiuasasiliseonin glow discharge #9MN8fNaITINANELNTILUA AN
90nu1 esmnndnunguenivibiauddidnaseugnnsziuainaausiuldsuanuz
TWegluanugvaanisgnnszdu lneunddidnaseuaiunsoegluaouenszaulugiauiaiidu
18 & = & fa & Y] ' & = |
1N 9 Uszana 10° Junil anduniaudaianaseuaznauinganneiiu waziinisuanuaee
ndsueenuiluguadundaniniiuazarudveswaslugdsiiueasiu (visible light)
(Faas10350 Yy, 2556)
4. nsuaniUdeulseq (charge excharge)
[~4 1 [ a é( v @ d' [
Junsanemiseyivezaeuasiintuladeunmnlunisuanasulassuriu
DLADUVDITINLALINU Aauansluaunisi 8 wag 9
e +CF,—»e +CF3+F (8)
At + Ar —» Ar + Ar' 9)
Tuhueudeaiurzentu uiillonmaintuld nsdilusinreiindu dwanduaunisi 10
Cu"+ Ar —» Cu + Arf (10)
5. N1SEEWlLLLUAY (momentum transfer)
WunalniUasdudmdunisiuasunladduluufiuyedhsia1nn1ssurodasan
a6y A & | Y) a a M vya o w v 1
nsalfngldunats msaremluwusnvesdianaseulilaianudAguintnlunisiasuas
(glow discharge) uatdunsyurunisnanuisaiianataula wu fglulnsiau deuansly
AUNNSN 11 wag 12
N+2 + N2 —— N2 + N2+ (]-]-)

ei + N2 —> N2 + ei (12)

2.2 NANENIAIUANUTIEINA (Atmospheric plasma)

waaNiAusUUTIeINA el meviliAsaaugnanaiauduussena
v3olndiAsanuduusseinia nanaunfinruduussemawiadunaisyssaniueg i
guUnsnifnda dnwmenisiindasifandenisudesuseq wu thermal torch plasma arc
corona discharge DBD 1lud FausazUszianannsaudulsiuinlasnss vieenduudn
vowmanawn fiatuanmslessludvuifsentuans viedsilafiudnluielmannis

UffsenazlalassasramauadlnduuiuinTuay 9900 1SRUIUIZANUBINATENT WUT



wanaunTimusuUsseneivasia thermal plasma tag non — thermal plasma Favz
N@17LaNI¥ KUY non — thermal plasma 39bun TalsurAavi$a (corona discharge)
wuuladidnnsn (Dielectric barrier ; DBD) BNNAFUIAINUAUUTTYINA (Atmospheric
Pressure Plasma ; APPJ), Micro-hollow cathode discharge (MHCD) m’mﬁuﬂmﬂumi’mﬁ 1
Fausazyinvesgunsniarldundssendanuiiunnsrsiu lnouuulalsunfassaasld 1u
Tiinszuanssuuvldatinaue (pulsed DO) wag DBD Mnszualniiadu (Tursi wazanie)

W3omaUANINeY (RF) sy

M19197 1 wanAuaUTRvRINaIENNNAAYITINALANUTIEINA

Parameters Corona DBD APPJ Atmospheric
Discharge glow MHCD
Method and Sharply Dielectric RF Capacitively | DC glow with
Type Pointed barrier cover Coupled micro hollow
electrode on electrode cathode
electrode
Excitation Pulsed DC AC or RF RF 13.5 MHz 1 bar
Pressure (bar) 1 bar 1 bar 760 torr 1 bar
Electron 5 variable 1-10 1-2 -

energies (eV)

Electron o ol a0l il 10t - 10" -
Density, cm-3 variable
Breakdown 10 - 50 5-25 0.05-0.2 -

Voltage (kV)

Scalability and No YES YES YES
Flexibility
Trmax Temp Room Average gas 400 2000
T(K) Temp (300)
Gas - N#* O%* NO** | Helium, Argon | Rare gas Rare
Rare gas/Rare gas /Rare gas

gas halides halides




2.3 NANEUIANUALUITIINALUY DBD (Dielectric barrier discharge)
n3erflanatauuuuladidnnsnuusioesnannsa (Dielectric Barrier Discharge,
DRD) l9adausnlag Ernst Werner Von Siemens i 1857 Tngldwdnnnsazauy (Charce) uas
meUszq (Discharge) uuladiannindeliihnszuaaduiinnusisdndgs Tnolassasrondn
voudostudinnarauuuladidnvinuuiieashaniia UsznoufaetadidnTnsausiu
lpdidnvinuazunasinslnihnszuaadunusedndgs Tnstitadidnlnsavsanssioddiy
uwndadnglwiiinszuaaduanusnsindgauazidiuladidnnines sliosnidasiuy 11sfu

seriuudlaninnvisaesiinini 3 (@ndua lasna, 2557)

Electrode
‘<_
H.V. Power Supply
1-40kV Dielectric Material
50Hz - 100 kHz
%

f

e Electrode

A 3 lassasadnvaaasesiianarauiwuuladidnnsnuusieasfavisa Usenaumie
191800 2 97 FunameNuladianynsn (Dielectric) agnatias 1 Fu

(Wnna lw3na, 2557)

lnggunsvestidianinsanazuiuladidnviniildnatssuuuunisuuuszuiunag
U 1 d‘ d‘ ¥ U dl 14 1
LUUNSINTEURN AaLun iyl 4 laennil 4 (0) 1ASIasananueuasos Usenaumieuny
laddnysn 1 wiu 119¥aRaduTIBianinga dauluaind 4 (v) lassadramdnenaies
Usgnoumeunuladidnnin 2 wiu Auegseninetiddninen dulunini 4 (r) laseadis
nanvenATeIUsENaUMBLHUlABENY3N 1 UKW ANBYATINANTENINTIBENTNIA 2 U3
=i ¥ [ B < ¥ ! a s a
LaznInd 4 (3) lassadramdnvesasendukuunsinssuen Ysgnaumeuduladidnyin

1 wiu Auegasananeszninetndidningn (indua lnsna, 2557)
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(n) High voltage
Electyode
e
High voltage D € Discharge Gap

7

jl(— Dielectric Barrier
: pa

sroiind Electrode

AC generator

| —

C,\,) C

T

(v) (") (¥)

AN 4 feg1alaseas1waasaInianatauwuuladidnnsnuuseasfasisalunuud

uANENAU (Kogelschatz wav@mug, 1997)

TnenatauuuleBiannsnLuseesfAasnsa ey suannatauteanuluan1yAng
wazgnisendt lulasAavi$a (micro discharge) Bn5¥A1808MI1%0431938N 9T Bans

Y I & a é{ . . b = [ Aa 1
waneUUUI29U0IN1YILLANTU (ionization) UT2998LAGDUSIBLASHSANNHIVDILHY

=

ladlannsndsazvilvdnaunini Felnanrsnsadudrusvaurnludnvngaldaduag

£%
=

aunlifiihvesisaossinnisaunauaninmaindreiuly woedlafuausinsdingliad
nafnlulasAafaaziatunninidnaSatufiiauulniwomuzlurosi ey lneagy
ud laBidnvandviindl 2 Usensfie nsdianaiedeuiivesussglugsialalinnawily
Fadunistesfunsdnneas uazdnuszmsfetionszanglulasfavisaliifnidesing

szni999dy waziielidiannseulilontaduiaduayninvesfiglilduiniian

& o %

(Mveldnd Junsnea, 2551)

2.4 WaaN1A21uAUAT (Low pressure plasma)

o a

NS AANAIELIVBITEUUNAANIANNGUATa N vaENTUREUTEQUUUINAFaYI5a

(glow discharges) Ingidunisadrananauniwmununannnataunsou Wunisananuauluy

a

nsianatanilisinas lnsgaumaiveseynianineglussuvasiiaimuavdnaglianidn

gaunines uwidmiudidnaseuvsiiguungiigenin msisiigungivesiagnisely

9 Y Y

auruudmaniniilddieg drensndidnaseufisumgiawiliiinnisvuiuwuuldganey

(% v
Y

F99nnszUrUNITAavsaiielrnszualwiunt 8L anInsavin I ARAINUA1FNATUTE NI

Tuinuazdlauiiganesunssiuliinsuisduwandmnaznateilulszquin uasdidnnsou
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ggnisaeaulniieginmihdiau wasindeunlusuivesneuvseluanavesing vinln

v

Aanisnsziusazuandilulsey sunafiegluanienseduazlanUdesdoanuiuasas

¥
a 4 A a

wegluanugidammihliiAnuasaing GaneliAnnszuaunsmaniasidndvosiiuialu
Snwaizsing q Seuinesinmsdsuudadussiuuily Tnededldlumuiilifosnsauseu
WU MsiA (etching) Wiennsviilduuns (thin fitm) Wudy wedailineldAnanansznuse
Tnssa$randnuesianludiudu q msildszuunataunanuduvesfiediag vivliwanaud

NATUAIkAT AL ENRRININD 5 (§9231050] Uy, 2556)

Valve
Vacuum chamber

Electrode

PLASMA

Gas bottle =

HF generator

Substrate
Ventilation valve

Vacuum pump

AN 5 STUUNAIEIANAUAMIBLATINILTALUU low-frequency se high- frequency

(https://www.plasma.com/en/plasmatechnik/introduction-to-plasma/)

2.5 BUASNIYITERININANENINUNDALUDS
NSLUIUNSAATBIOUATNINTEWINNANEUIAUNDALLDS LARIINAITYIIIANIZLANNNS
wanfmnateiunatauuasiiniluaniuznsyiuresaynianig o vedlossu BlANATOU WAz
PHBRGEE %qayﬂmméwﬁ%gﬂﬂﬁzﬁu@ghaamamuazﬁmmlmaﬁaiqa mﬂﬁfuaymﬂmq
7 veanarauazidluiuazerdunedinesdeasiinnsrurunataniwediue slsiody
(plasma polymerization) Fu nszuIuMsiLensaInnsiinnediueslsiwiuvesediued
U Tnenedwesvemarauiasiinnsideuseiu (Crosslink) aneluanenediues wiowia
M3AeRa (grafting) egavLULIINAIWeAWeITLY LﬁmmﬂimLaqamaawawamﬁaymﬂﬁ

Liiadesanunsaduiveynialndifsslanniteuniavesedweiniluniicuai osuinnin


https://www.plasma.com/en/plasmatechnik/introduction-to-plasma/
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wara1u1sadvdanuluianavesiiveanediuesiaf Laeni1sLAnnns gafting wae

functionalization vaewediues diinnsou euyadasy leeause 9 waveunanegluaniuy

| £%
= L4 = (24 a

nszRudgnaseluluiefiayfandeudu WenaraunsenuaiuuiuriveInefiuesngy

Y
1%

& a a s o v Gl d‘ o 1 a o Va
auNIAVUNUIIYBINedLLBs N Lo liannIaildsudunusluaniay vinlviaves
wodwainsauvsiuiseiuazneunsolessuiasiiiuvinuiizen Tnan1sanemnasanu
PNNAANGHIveNaReIAININT 6 Fendsnuwmartinelviianisdsuudamisaiiuae
WenaunAanedwes tawn nsmindsluileuinnAisuuiRnedines (cleaning of surface)

al' o Y a 1 6 d'a a [ d" % o aaa o 41' LY
nswleahliiAanguileiduueanianediues Famseuihugisendiuaisau q lnenisdneas
Wodes (hydrogen abstraction) FavilmAnngueyyadassuuily wediues uazda1u13n

Wasuwlaslaseadenuialaenisinnsau (etching) ®39n15UABUDIAUTZNOUNURN

% =

(decomposition) siaenistadauiankazidunisiiinaruvgusliuniuiadneig a3
Waguwlaamaivilvnuaudfineiiunisinfnveanediuesivuiiues (wawsesd Wusymy

Uan, 2557) siregadu Msvdesinevesersneudiluluriesagyainiawazdielindanuae

Mlrdainvata1snauRanIsuansInateunatan wazneluszuuasnauIsnaule

Wluvheuiudianaseudase luanavedleun euniavedulasiausazeynindu 9 fNeg

Y

= A £ 3 aaa & a a s 1 2/ A
Meluszuy Fallenarau i luvigiteruuiuiivemediwesdmaliuisuuladagnis
Annseuriivouniaiieglunediuesngaeanainaenediwesiialueuyadasznegniely

a & 1

53UV uaziinngunisuanildsueyninsenitewataundunediues Ae tAadunguues
msueuilidensioriusendlau Feansusuananeyneiieganeludnetn:  wodluesuaziin
mjmmlamaﬂ%aﬁL%”lm%mewﬁuﬁaLLasas_jmsELuizw%!aLﬁmmﬂmiﬁawamm
prineudnluvhunsiserfunguvasledfleglussuy uenanidufnnisdonsdesuves
ozneuvesafuaunelunediues uazilledegiamedinesegnsuenszuugyaniaaz
wuieynAvemedleaziUAseusendiauiegnielueinia dademanaudnluvh
Taneldieglunediuesiinnsuasundas wagndonflazanmsaviuiisentuansdu o ¢

Filveuninveanediues JaReninnguuasasuawinuisendueandiauneglueiniea

o 1% ¥
v a ]

wasiadunguvedluanafifitafintuusnaiiuiivemedwes
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ﬁ @ Onidation after process
§ U}'O:i.nait
(="
x
2
A
Etching CO COO
E Roughness r r
2 c
g
;g\
=]
a £ U f-:l‘ o 1 rglj a a 4
AN 6 LLNUNITEAEINNANAUINNTENIFHDWUNINDALUDT
2.6 917

ﬂ'J']ﬂJWﬂJ']EJGUQQGEh'J WWNWQUWHﬂﬁﬂJQﬁUﬁqﬁﬁﬂJ‘ﬁ@EJﬁﬂ']u W.A. 2525 EL‘Uﬂ'J']ﬁJMﬂJ']EJGU@Q
o 1 v A I3 N o Y o v Ao o % A a 1 a o«
MIMRe wasvesisdmanug g duemsnddylulssmaioudiviinlug ¢ 2 via e

INMLAATT1 AL

<

lagarnnisAinwdaddneamdudiiugiudewesdwminimas \unfieudanlu

Y

ViosduruunAaTetIegay waldiinstuiinuseianuidn tnuasnsludminingelgnda

v
(% N Y

TuglAUNeaiuNlAYnaEAINVANFINYBINTUNITINI NTENTINNYAT FlATIUTINAUTTN

1%
=

fudlewnUszmariuidminivas Fdnvazwdadndidnen Wudniflidnuasuanmig
NT1IRUGDY 9 NBeruwdafiduivuduasang 9 sutwaaduludaieddu devean

Y a v 1 J £ = £ v ¢ ) v &Y 1 1 1Y IS
HAINANBUTUN ABUTINUYT ‘U’]’JﬁQ‘UﬂEJﬂLUuWUﬁ:U'TJU']Eﬁ'Ju Treviaias UQﬂl@LQWW%U’]‘U

2V ¥ =

Aud1IdANgIUTEINN 140 WURLIAT dn1suannelady 8 Ausene IiKanGnAaUU1eN
Aawady 330 Alansumals
SNYULNNNENTNVDLUAATNFTVER LWADNWAATEN9 971nded T911a1siavIUY

WAY LUAALSEY 817 6.5 TaaLuAT N919 1.9 Tadiuns wWadnad17 100 wude wiin 1.98 NSy

'
o

Ny a wa a A a A o A d'
Qmﬂ']Wﬂ’]?U@ﬂﬂ']iﬁsUn@ ﬂmallUWﬂ’]ﬂLﬂll llijill"lﬁuaglliaﬁiaﬂag 13.8 ﬂ@qqﬁqﬂq@IUUiiﬂq

iuiles Fallinaviinaandfvestn Wevsaninnudsuy Aswianilen vinlvigesdne

Y

waneiugaongwazynldldussanumin (uind wasdad, 2555)

Y
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2.7 uds (Starch)
HuansTulawnsaildainnisdaaneilufislaonuannlusayiie suliuagiivasyga
i \fleaaesazliinglagegaferdadaidu homopolymer utlsflasdusznevansdrufe
wodluesidadu (exilaa) wazwodinefidens (ezfilainaiu) Aaedrlunuiiadl
(simsunns Tansed, 2550)
2.7.1 aziilaad (Amylose)
Uszneusnenglaa 250 - 2,000 Tuiana fauansluniwil 7 Fsdefudulden
wuulaifiie Fdnwazanduindeatudie ( left handed helical structure ) axdilaadivhuiin
Tanauszunas 500,000 aadu Wulaanaduen dlngusznaudmeiuszngladin

a

0-1,4 wazdutsduiusengladin o-1,6 Mumisesesilaanmeludinutaduogifuvia
vowuil oxflaausdudnloglunduuasesilamaiu vdunszaisogivludmedugiy
(amorphous) wazduran (crystalline) oxilagllazaneth Weuihasllevilaaazinizsn
fudufeudiliazate ulnsyiivwy wldnlne ulsend wledsing fusinuesilasags
Uszannufesas 28 utlaainsinuagii 1y udafuausnds wlafudss ueangiviunn
arillaaUsruiusesar 20 uan amylomaize Horiilaaguinisiovay 80 wlat1ilnag

wazwlatnmllienlsenausigesiilaatiosnitdesas 1 (Fnsuins lansed, 2550)

CH.O0H CH.OH CH.OH CH.OH CH.OH

@@QQ@

a-l 4-glycosidic bonds

A 7 lassadsvesesiilag

(https://www.smartkitchen.com/resources/amylose)

2.7.2 azdilawwafu (Amylopectin)
Juessdusznavegludauwlalszanusasar 70 - 100 Tlassaivadluanaiy
a ¢ H aa A . = |
wodluesvesuimanglaaniiatenyuenaanuINin q 25 - 30 glucose residues Feusaz
al n0/ ] o dl U 5
wyusdriiiinianglaauszuin 24 - 30 nudle asnansluainy 8 detululiianaves

o
= Y

prillainafiy Faiinsiuszngladin a-1,4 uagiusenaladan o-1,6 lngunfsvdlamafull


https://www.smartkitchen.com/resources/amylose
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wunluanalugnitesiilaauin szilamaiuinuselalasiautdesnitesiilaauaziniiy

Aunnilleegluanmivalvziinumila (nsuins lagsed, 2550)

.H20H CH.0H CH20H
Q a-1,6-glycosidic
/ bonds
CH.OH CH-0H CH OH CH.OH

O@@QO

a—l 4-glycosidic bonds

A9 8 lassasnawesazlulainamy

(https://www.smartkitchen.com/resources/amylopectin 1)

aa v

‘Vi‘li’JEJﬂQIﬂaVlﬁ,quﬁu o-1,6 glycosidic linkage mawsummaaav 5 ¥99U3u0
‘vm'amqi%"tuaﬂuiammwwm as"l,aflameumumuﬂimaqaﬂismm 1,000 184
arlulad Ae Uszanad 107 £ 109 Aadu waziin1sAuse ieeanezlulamnafuilanwey
Taseasradune ezlulamaiuyiuinidulassadrawdnveadauds daiuisiiorlulamanu

a ' a =~ W v & =4 v = U awv . ,
Wiggag1angadedadnunsasandndudiautala 91n15Anw1veeinide Alain Buléon way
Ay (Buléon wazAmy, 1998) F9laAnuilATIas1aasN1sduAsIEYnIeTInIn (Wawde) oy
P Y A a a A o ' a & |
dnsuandlassasiveseziilamaiu (il 9) Ae Inisuusangldnadungy 9 auvuin
A1NUEMRsANe g NHY9NLUUeY (certain periodicity) azlulaiwafiulsznaudlvasly
(chain) 3 ¥%ia Aa 1) @e A (A—chain) WadmeiuaneduNALiLLfey linwdausoaanann
a8vtinil (unbranched structure) 2) @18 B (B-chain) filAsaas9uuuitousanuansduy 9
2 a8 wseu1nnInanely wuu B dfwualunquees Bl B2 B3 uwaz B4 Faflaniueiason
P9 @09 @1uKavd Aaawmas (cluster) A1Ua1AU 3) @18 C (C—chain) WUUENYLAUTS

aa a

Usenaumeny3nde 1 nyvesezlulamaiuudag luana Useneumeaty C nilvangiinuy
AnueMvesaneiseylulamafuiinausdyadnded DP Uszana 15 e Uszneuseany
A uazans B vuadn audisluanavuinlng@ad DP Uszuna 45-60 wiieUsznausieans B

aneed aeldwantlegsaudaiulunguiou (cluster)


https://www.smartkitchen.com/resources/amylopectin

16

' ! ' v & : ' = :
naumena | NANTEN 2 | nanaen 3 |

_I_l
=" ==

1 1
i el=12 n_p :
' cl_'}'l)s '

A 9 sUwuunsInsealasaieniglu cluster (cluster model) vesaylulamniu

13 - (Hizukri, 1986)

2.7.3 asaUsEnaumaaiivasdnavianig o
3 = v = v =3 a
29AUTENOUMALANYRITIHNAN1INHUT an112n15Ugn n1siAuie] Lag
nsrurumsuUsgundnldendutninndes wasdnians nsiesisosdusznauniaail
TnevnlUlgisnsiasigiesausznaumaaiilnguszunu (proximate analysis) iel#nsnu
3 oA v Ao v = a o % 1%
aeAUsEnouMLAll wsearsemsnanidludny Ae Tushu ledu idulevetu i way
& o s a ¢ 13 g v i
mstulawmsadunan wenantilunisiieseiesddsenounaalilinuAniweIms way
Lagwinis tauwa 3m1du w3 wavUSununsnesiluniilulusiugn Megradu n1siasei
a s = 1 2 | Moy ¥ 2
mUsnaesdUsznemaaiilngUssanavestniden wazdiunlaainnisnsmizdniuien

YAV aE IATU (B1ITUNS INUTTEN LazAne, 2559) AIR119N 2

i a 3 P~ %
15199 2 YSUUIAUTENUNINLANUDIUN

dwwestn | aslulawse (nsw) | TUsAu (nSh) gl (nsn) 01 (nF)
P1uldeon 64 - 73 58-77 15-23 29-52
I1NABY 73 - 87 7.1-83 1.6-28 1.0-15
U1ET 77 - 89 6.3-7.1 0.3-05 0.3-0.8
FalTale 34 - 62 11.3-14.9 15.0 - 19.7 6.6-9.9
wnau 22 - 34 20-28 0.3-0.8 13.2-21.0
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2.8 lassadrsvaadinude
2.8.1 mMsnszanedvasaziulagnazazlulawanuludan
WenazAnwinerlulaanszateieglusenindluanaveseslulamaiuvsodu

v v

yuegetalunguiau (bundles) ldvinisnaaedlaevinufiizen cross-linking Tuilnauds
wuluanaveseslulaaszwenduivluanaveteslulamafiuuazluanavesezlulamadu

aazieudulutanaveserlulamafiudiy walinunisiuieuiusenitgduianaves

Yo

azlulaaiea nantaud

teglulaauisvnszatediedluseninduianaveseslulama iy
wnnfazdudnuesedadunguiou
2.8.2 lassadrsludaudadinnuainaus (@rnunugha)
WianazAnw1InlAsIasIwazesrUsenavveses blaawazazlulainafundiu
1 I3 = [ s a [y = [ & ) [ <
19 9 vaadlanlategnduasizieanunlunaidaiuazimilouiuniely elauenuwladu
Fu o) Tuwusaiiaaeds surface gelatinization technique lngldansazaisinfedusiives LiCl
wag CaCl, viliuduinardludnssuzinainig q dsaglaudsiiiamaldlugudinaiialu
) | [y A o 1 :’/ = 1 a Y} 1 a =3 a
seAU A 9w Wethusiaztusndnynuieslulaannszanedeguinusey q Waudaed
v v I A A = = 9 ) a \ Ao '
ANUNTUEINITUIRNLNuYendn Fwenadesiunanismaassinuitudandouinlvg
n11 aziivsunaezlulaauinnindiaudsvuiaidn dnsvezlulaiwaRunuin o
Lulamadunegusnaunuaziicuenvesangldunnninuiinsey 9 wasnuitluanauds
r-:l' a v al % <3 [ r.:j'u./ [ |
Musnuseu 9 leauilassasruluedugunduiuegavaiy 9
2.8.3 § (pin holes) NuStanRrvasdauls
vuRIvoudinntannaneuzaanduluy A 1wy wdatnlne widatadng sinnudn

= 1

f3nsrangegdnuauin wituwlandlassasiesdnuuu B wuwladuass ndusnudnldiisng

Y Y

o A Y da & 1 ¢ a = 2 v
dullvpruiuigiiidunaunainnisgeslasieulel lnelistenuainnisdinvudadilneg
lngldndesganssaiuuvdainsin nuiifissesindivendaulsazgndaslnoeulyy

Tnsnizuinuduvesinugelsa ullmlizoraudiuiiueninainusiusey 9 1eausian

'
a

fifldolsnvandiadnnlna
2.8.4 NM1sWaIRLazN15aza1e (Swelling and solubility)
wlliazangluinibuudazgaduinlildussanaiosay 25 - 30 warnoslios
wnaulidanadiul veiliesannmsindesiaiusswilnanaveserlulaauay oY
Tulawadiu (intermixed) neludaudls Tudau crystallite Wianaegivegrmuuiuuazily

= 1 [y Y [ 1 v ! = & ]
suilou etesiunisnszaieduazyiilnliazargludndu d@uves amorphous Fadudu
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fimziietuegiman q lidussdeunasiinglonsendadaszunn anunsafnufizennis
Ui (hydration) étausflutinudu lelimnudeutuiutauiigaumgiigatulssun 60
o3#1 Jul d@u amorphous FufuthldunTuuaznisdufuvedinanaludiu crystallite (B
AEANIMUILILAY Bianadiuiiduasefeonandudufudyilfidau e fiaiy
(it 10) Tuanaludiu crystallite fimdosginaninadesiaundonin micelle network
FeBamdoaruliilidoudsdinsanmegle wionaflluanaveserlalaauas  evlulaw

a o <

a = = I3 A o 9w P4 = a1
ﬂmu‘?ﬁﬂu%u’]ﬂLaﬂLLagaaﬁgﬂig"ﬂqﬁJﬁn@aﬂﬂqﬂLN@LL{N LN@WWIWQ@U‘V]QNUWLL{]\TQQGUUITJ@ﬂa']u

[

<

. a a ' ) ° v & |
Crystattlte WLV@@@@JUQ3?]@'1amaaaﬂ‘ﬂ'ﬁflﬁLQJ@LL{]QW@QN’]ﬂGUULLaSIlILaqaLLﬂQ@%IuaﬂWW

asazanguInTu (W Ingdemalulagnszaeuinasuys, 2019)

Hative Granules

AN 10 N1swassvaadint

(www.opta-food.com/ access/starch2.html)

2.9 dwnlnsaladuuutlasuas (Optical Emission Spectroscopy: OES)
2.9.1 N3EUIUNITAALALNITIANGINUTDBLENATOU
< [ [ A 1 < A:{I -d' = a
Jumsiandanuvesnduudindnlniitaigesnu iWessneunisluanalin
WABULUAITEAUNTU (transition) 31nan1uznsziulidaniugiiu danini 11 (v)

WHUNINNSLUEINGU (emission) agmauvisalutanaluaniusnseduazUanddeslnnou

ganuaINduIngdaniusiiy Msamdsuasiinfuladiendnulineu (hU) wiriuay

[
T~ v 4 1

LANANYDINGINUTENI AU NUNUFD UL N T AU ULA U

q

nszvlunsiiindulumatinadnlnsalnluuuiuasuas (emission
spectroscopy) iaagnaunIaluanaveda1TNaulavrgnnIEAuMeAIUTaUNTONG 19U
I wseufiseed wediaaninsalnUuuuaiwasivarssiaTuiuinasnasauivinla

aznouviseluanadngluagiianiusnsedu 1wy szneuvseluiananiiindunsiseiulnneu


http://www.opta-food.com/access/starch2.html
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oA ! I ° Y a a ¢ . a ]
voen1suiAfukdindnliilvinlviAnluianagiiiuaisud (luminescence) 138017
Tldadfiiwaiwud (photoluminescence) Inawnadadinariuuseanlailumaiinnisinuas
(fluorescence) warn13t503uas (phosphorescence) lne3aaUsINN1TIULANAINAUT
nsrvIuNINauINganusulniuitevneuvseluanavesa siuldndanuilaannufizen
LAISENIT chemiluminescence lagwmaila chemiluminescence wLAgIToNUNIINTEAU
v aaa a2 O a Ha v o w A A ! A a &
aigUfisenall Faiasunailaiiie N13IAAIRIY0IARUNIUAIRENULILDBIANATOUYDY
prnaunIalulanavesaIsinduganiuziu lunwjuiinisindnazuanssiensivuuy
v A ! o w d' 1 < a 1 Y a o« d'

aUneSuidgusemiamaesnausivaninihiases nunduamnuaviseanueiniy

nsiialnldaiiiuaiwus (photoluminescence) WaARaNIng 11 (n) mallAn1s
11784 (fluorescence) WagN1513094a4 (phosphorescence) LAAIINA1TAANAUT A

! < Y a [ ! A [ o t% d'

wiwdnlviiuaufanisnszanendanulagnisiaas Msgandundsuihlivansiaulagn
nsvAuludsantugnseduil 1 vse 2 ndenununiiusgydslaonisadnneu (anes
uitulunin e nszuaunsildlaiiused (nonradiative process) uansnanIng 12 1éu
n1silaauaslsInglanniianie ANe1IRAUNUE0aNUIFURUSAUAIULANFIITENINS
FEAUNGIU AUUANGINVBINTUAWAIVDANATANITITILAILAZN TS BIUAIRDTEUZLIAN
lunmsilasesnidisagluaniuznsedu M1IMARzIIATWILN lwanziin1sSestaRziindy
legninliesnisiasunlassziundsuvesdidnaseuluaauznssquaniduluiiazszau

[

WAINUIUNTIRENT UGN U

Luminescence
3

¥ Transmitted
radiation
p

P
- |
(n) A }
5 h e
i, A

2]

AN 11 a@nlnsalnUiuu photoluminescence (fluorescence tag phosphorescence)

Incident
radiation

Py

(https://web.rmutp.ac.th/woravith/upload/AnalChem/spectroscopy.pdf)


https://web.rmutp.ac.th/woravith/upload/AnalChem/spectroscopy.pdf
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y 4% ety /
Thermal ctrical, . - = A

or chemical energy

(n (A)

AN 12 aunnsalntUkuy chemiluminescence

(https://web.rmutp.ac.th/woravith/upload/AnalChem/spectroscopy.pdf)

2.10.2 LaUADUAN

INN138sUIEATSIAaeuivasdanaseuluaznoulalasiauaes Neils Bohr Tud

v a & A a a av v 1 PN
A.A. 1913 NHNUYBIDLANATOUNIAITTOUT AR NlﬂLQW']%ﬂWW]&JﬁZJﬂ’ﬁV] 16

En:—lgégev;nzl,z,s,.... (16)

& ° 2 a1 o ' = o & = oA
n Wu wadrnwaudainue 1 lWauisetun fsvsvenisanulideiiloswss
[y aAa & < a v a o |
ndaunddnaseulussneulalasinusasilugasudureinisionuaraiouny 1wl a.a.
1926 Schrodinger lnasurgnisindeufivesdianaseuluornaulalasiaunignuuiianania
a s an'
AAAERNSALEANNTN 17

2
2
T vi |w-ev a7
2u
HALABOIENNTTN 17 YIRS INIIUI a0 urnienasnundidnnseumanis 9
ga1unsadild gnitansanalsavituiuy 3 9da fe n Luay m uaglul 1925-1926

Uhlenbeck waz Goudsmit liiaueindianaseuiinismyuseudiosiieluuudugayuiiian

h & o - o -
\Ju y, Fadusas 4 ¥da3en wvareudy (quantum number) unlglun1siansaun
T

[

ADULVDIDIANMTOU hiazvlailan auasumal


https://web.rmutp.ac.th/woravith/upload/AnalChem/spectroscopy.pdf
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- Principle (n) fiandu 1, 2, 3, ..., o fdudnwaldu K L, M, N, ... audeu

(]

- Orbital angular momentum (U) gy 0, 1, 2, 3, ..., n-1 ﬁviga

p, d, f..

[ ¢ &

nualllu s,
- Magnetic (Goci¢ wazMladenovi¢) 3xiAsUNAYAIBUANIILLTBTZ VDY
£ 1 [ 1 ! a1 o 1 5% v v 1
aelaauuusiivan Tuudaga1ves L agdian m 99uau 20 +1 a1 widhssuulddlaegly
AunLLwaNnduTeIdanasauaLliTufua m i
- Intrinsic angular momentum (m,) \ulauudingauainmsnyuseusales

Yasdidnasaullandu v way — 1

M19197 3 aguAuazdanvalvenarAIRUANYAMIaY

Quantum number Symbols Values
N K, L, M, N, ... 1,2, ..
L s,p,d, f, g h, .. 0,1..n+1
my -, -+ L
m Ya, —Vs

o/ (Y L3

LwALaYAUANAILA1S197 3 WufiaurSedydnwal Tdmulundsnunsouny
anuguesdidnnseuilnasseuindvalusznoufiididnnsouiesifeindy n1sld
aun1sf 17 fuezmeuiiididnaseusnnnimilsiazlanandenliiduainuase egralsinnu

PN va & P & P & aa v v &
[ausanarUszanaulisidnaseuvaiiuivuiaiiouludidnasounife) wagltnioudu
N 4 WIRTUIEIUEWIDTEAUNSIUTAESanN1TUSEUUTIN “single configuration
approximation” Taglddydnwal nl™, n’UY, ... unuanuzvetsevneunsolosaunildannsou

Y =~ 3 o a a a I 1 [ e’./’ 1 a [ (% ‘Q’Jl 1
wangda (Wo N ludrwiudidnaseuaseieglundasseautuges | Sendyanwalitiui
electronic configuration Fawvseondu 2 vila fe ground state configuration Wag excited

v 6

state configuration (We¥sed WusysyUan, 2557)



22

o o

2.10 M INYNFNAE
anfilnuaudiruiuaninliyeuiiagaunsafunIuian1 a1z el

9

e

Wo91nTwsaRafiiagn (Low surface tension) N33 bidnanusasnwanmnsanauly

[

nuauzvemeat1lile warluvazderiunaglinssaiedeguuiuinvesiantu uidmsu

[ 1

Tagnilnuantsiauiuan1nyeuinazilaA1ussfaiige (High surface tension) nd11n

9
v [ [
[ U

Jwvhbihaunsanseaeieguuiuiivesianiuauviiiiagiuegluanimilenu i i

[y

YA UUNURI TanNHTEUIUATIRLILTINTLINUDI0INANBYTO UMY T INTAITUILSS

a

nsgriluguuuvegsdiefenini 13 msnuieguuiiuiale q awnsaesuiglameaunis

29484 (Young’s equation) Miauslul a.a. 1807 azlannuduiusseninalsaueeInIadn

(%
[ [

nsvvidanenul (Y) WSesenIeenanuiiadan (Jss) kaghseseninailindannuin ()

q

Y =i a =

Aeaun1si 18 o 6, feyuduiannszyideRiTaguuiuRiszuiunse Badeindunisiagy

1
[ v v

durla oy alavianils (Static contact angle) MnyuduraLila 90° agviliiinAuaNng

YBIUTITENIDINAN VR TR kazITesEnii Tanduinlaglanazegluaniizilunagng

q

anyseldloyududadandu 0° (s quuau, 2550)

Yo cos@= Yos + Vo (18)

Gas

d' L4 L d’l a
AINN 13 HUAUNFUUNUNITESUTUAT]

(§M5 avuau, 2554)
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FensAnwanmveuihAnwAududasevirmemiiuiagsesiulansianini 14

[ v 1

Feanusauuslailuanuagang ¢ fadl

U w1 a a 1

1. yududawiniu 00 WunsdifiussBafalaAunninusadouiuuuin 9 Weveumnad

QNUEAAIUURT Vaunadaznsra1slunuiivesveInlsunate lutuvesvaamnaiun 9

<

AauituRvewedduusiniTan

s

2. yuduiaiAnsening 0° 8 90° veumarsenszatalluuRalaluuinaniiuen

Re

<

E.]J\‘iﬂ\‘lLﬂ?%ﬁﬁL%Uﬁﬂﬂuu‘UULaﬂﬁaﬁm’]ﬂa’J‘U’eN‘UENLL‘ﬁﬂ

Y

(%
(Y |

3. yuduiadiandaud 90° walaitle 180° veumarsrniuduneagunseroudrenay

93flUsandn 9 NguveaneavearaIdRsdNlaiuRIve e

v A 1

4. yududadanviniu 180° LinTulilonsedaAnilA1daenIusuIBURLUNIN 9

AeiuresravzTuiuluneansinay vsnafiveswnalduiaiuiivesweulazegngiy
= @ & A 2 & < a v va
YINTINAY BUanuINIUUNUITLTUIA Watduwuuiveunalanunsandsliuinuuisladass
- I
\WilpUgNUBANAIUUNUS YU
ayudutavesvead1dA1tosndn 5°98138091 @NINYUUNEIEIA
(Super hydrophilic) wagiyuduiavesneatida1ninndl 150° agi5uni1 an1nliveui

aRIIeT, (Super hydrophobic)

uu 0 avan uuannAN 0 wadaanin 90 adgen U 90 avan

winAnd1 90 wedaanin 180 avan U3 180 agan

Al 14 yududauuiiuiassununss
(http://www.physics.kmutt.ac.th/version2558/information2558/interested topic_group

/self_cleaning_leaf.html)


http://www.physics.kmutt.ac.th/version2558/information2558/interested_topic_group/self_cleaning_leaf.html
http://www.physics.kmutt.ac.th/version2558/information2558/interested_topic_group/self_cleaning_leaf.html
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2.11 ndesganssAUBanAIauLUUABINTIA (Scanning electron microscope: SEM)

ndesganssAudianaseuinainisAnduiauniieimuiussdnsain Tun1suas

a s

UazBEnNNVBINFRRaNIIALIIINTUNTNAY TnensUssgndunBidnasoudeiigienau

Funwasnldununaswazldiaudaunundmaniiuiunuaudnszanwaziiiaseinsiada

=

flagundudyaadidnaseufiinainnisiigididnaseulunsenuiafiegig gntuas
gunsalulasdyanaildlidudygrunnunnguuasiunmsely lnldmdmened
190177 3,000 4911 D95EAUNINATT 10,000 ¥ (lmmzﬁﬂé’aaagawﬁﬂﬁt,mﬁﬁwé’wmsJ"Léﬂaj
A 3,000 1) wazarunsalunisuankassieazideaninlisous 3 unluiunsis 100

wiluns FaTuegiudnuaedieds (nefindasganssmikasaunsag ngdnaaiies 2

o £ a

Illiﬂil,ll(ﬂi) WAAIAININT 15 ('333?1% 2AUNILAYT, 2543)

]

Electron Gun

-y (- o
e~z

Specimen

purdue.edu

AT 15 9anMsinenuueIndosganssAiBlanaseuluudensg

o £ a

(AsFnm aaudanen, 2543)

q

lundesganssaudiannsounuudensia dygraniniliinainnisldfingaia

a a a YY) a a
LN TaUNAENL (Secondary electron detector; SE detector) 413 UAYYIUBLANATIUN

v
a = a ® a

WNTU N30 UR2TMDLaNMATBUNSELRINaU (Backscatter electron detector; BSE detector)

[
o 1% 4 L4 1% v a & 6

Aetundesganssaudidnaseunvulannnsalszneugunsaliinsiesinaieedian

q

loviauy EDS wag WDS ieldlun1sinsnesisnnlngefunann1suensadniuseauna ey
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2.12 wmallayiTesnsudvasudunsisaaialasalal (Fourier Transform Infrared

Spectroscopy, FTIR)
2.12.1 waia FTIR-ATR

wAda FTIR ¥iln Attenuated Reflection Infrared Spectroscopy (ATR) +8u
waiadurlsnsaludnguiuuvilsifinalansiausisluanimadadunsisawuunameq
{1UA15§19819 (transmission mode IR) Aldnanfafisiiuu Tnslunsdves ATR uas
BuUNTILIAREANNTENUA 50T 91NIMUBEUL window cell (Huasdmnudn 1wy Ge
¥i3o ZnSe) Tufauiluasannsznudianiiosndt 90 eam wanAumamzadluluiduny
it dlinlulasiunsuasuasdiuiindeainnisgnganaulaenedie sifzayiieusonun

'
[ v a

(reflected beam) taLNERISURQYIL HININT 16 (SA.AT.IANT FANUANTYI)

Y

Evanescent YWave

01/

Sampla _.-i ’/
Intammal "\ i
reflecting — l
ehrment : =1
- ! ¥,
Raflecied ; Incidend
radiation " radiation

Graphical representation of a single refleclion ATR

AN 16 NSALTDULAILUSEUU ATR

(https://www.slri.or.th/bdd/th/component/content/article?layout=edit&id=40)

Fan193ATERluLUY ATR U agldgunsaliasy (accessory) saniadnlufiu

A509LedUNs L IAaUALRSalAT TnelanuLAInINg 17


https://www.slri.or.th/bdd/th/component/content/article?layout=edit&id=40
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AW 17 gunsaliaSuansusonisiunies FTIR Wednsnesity mode ATR

(https://www.slri.or.th/bdd/th/component/content/article?layout=edit&id=40)

v v
A v 4

lunsaliity nsavvioussiinduls meleuly 2 Usens Awanslun1ni 18 Ae
1. YUALEIRNNNIENUILABININATILTINGR (0 > 6,)
2. AilvinmveInediuesagiesnninnviiinmuesdanilyyin window cell

(n;>ny)

Condition for internal |
reflection: |

\ ﬂ| >ﬂ2,6 > BC

/ Reflected beam
m

Incident bem\

C (2 Q

\ Polymer sample

2 # 18 RouludmsunsayypulEILUU single internal reflection

(https://www.slri.or.th/bdd/th/component/content/article?layout=edit&id=40)

wanaNUY dyaaiilaasivsinasnniunaziinvassitegeilaaziniugauin

v
=< o

YU WINFINITOVINITIAAUTNYBINET LA InNTTaENourates Ase aagulunsalues

wAllA multiple internal reflections IR Fannd 19


https://www.slri.or.th/bdd/th/component/content/article?layout=edit&id=40
https://www.slri.or.th/bdd/th/component/content/article?layout=edit&id=40
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ZnSe or Ge crystal

IR incidence

AT 19 NTAEVIDULENLUU multiple internal reflection

(https://www.slri.or.th/bdd/th/component/content/article?layout=edit&id=40)

2.12.2 M5ATITRTIUSHA (Quantitative analysis)

wadadunsusaaalasalal uenanagldlunisitasemiaganiniiie

nrvaeuvyilandululuananediuesiaziinszilassainuniiveanediueslutUosiuue

gaanunsaldlunisiwaeinediuesludeusunald Wy msmySinamgunui Msvidndiu

= (3 a 4 a2 < = a ¢ e
mwesaUszneululanedwesiarnismusinaanudunaniunedwes Wudu

v W

NANNITNUFIUYDINTITIATIEMBIUTUIUAD N1581AEAINEIVRINA T9ae

wiusAuUSIamyilaiduluaisiaula lageSurglaainaunisn 19 veq Beer-Lambert’s

Law
A = log (Io/1) = ELC (19)
il
A AeAmIganauuas (absorbance) Fsazdimusiunrmgavesiialuaiunniy
b Aeanudivesaiinnnszny (Mieruduvesasiitumadensdslunsd
fawesan Sursusnaalnslilndineiuies
| ﬁammLﬁmmLLmﬁshumiﬁ';asmLﬂﬁﬂaéh%’u”zgzgﬂzy
€ Aormsdi absorption coefficient (L/g cm)
L fAeA11ue17 path length ¥09a196129819 (cm)
C Aomnudutu (/1) vessgnazane slufilmnedanediues
foddnlumslideyannaaniudunsian elnszinediuesludaiunw
tfuftonisanidu base line Wierimuaszozaugevesiinfioy nuaziluduan B9

Ingluudminmsanidusiinaianansaimualavatesuuuy dwandlunini 20


https://www.slri.or.th/bdd/th/component/content/article?layout=edit&id=40
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ST
-
o

Boseline

Transmittonce, T{%) = v

Wavenumber (cm™ ')

Bosglme —
~ A 4
23 L/
g I/o
T -
'E
|& |
e
=
1 2l
Ll A YA A*At Y Y
:

Wavenumber (cm’ ')

P~ % Y] i v ¥ a v LY ' v
AW 20 Land (a) A9819N15aNLEU base line WaLdunsd kag (b) Aag1an1salntdu
base line WUUTAMUANNLAIYDINI N TniialEn15ANUIMILALILATIZMTIUS U

(https://www.slri.or.th/bdd/th/component/content/article?layout=edit&id=40)

2.13 ngisnlndianaseuaunngalnt (X-ray Photoelectron Spectroscopy: XPS)

ondisinladidnnseuaiuninsalntidunisiaszidelsunadmsumesdlsenau
ﬁuaﬂﬁmﬁﬂizﬂauﬁmﬁui’aah q umedansieneiuinaftunuiiaunsatwends
wiifiuiavestan nslnsiesiasnserinluiiuidn q (~ 10 - 20 pm) vadaden XPs fu
Tufaves ESCA (Electron Spectroscopy for Chemical Analysis) A213axL88nUDIUTU
ﬁﬁfmlé’agﬂuﬂm 1 Tu 1,000 @ (avepwia ASaNUR, 2555)

2.13.1 ann1s

na1uvdlnnoureITIdLdndaiuisartaainanudunusssnansluaunisi

E=ho (20)
lne?l h FlaA1AIvesunatd (6.62x10% J.s) uaz L Aamudresssdiond (Hz)
- = Y P I A 0§ ¥ a
Weaznounigluluianavesarsaandundsnulineuaindedidndagiinliin
U5n9n138] Photoelectric ¥38919138n71 Photoemission lngaznasgnlesslud (lonized)

a & & a & a A i a &
LLE‘WE]Lﬁﬂ@ﬁ@u%@iﬂaaﬂiﬂﬁﬂﬂagmamLUU@L@?‘M?@U@&S% NLIYNIN IWIGIE]Lﬁﬂ(?]'ﬁE]U


https://www.slri.or.th/bdd/th/component/content/article?layout=edit&id=40
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(Photoelectron) Fadigulviagluguvesaunisin 21 Weosznay A ganaunasnulnnauain
v A ¢ vo &
$edand lasail
A+hD->A"+e (21)
sasulvieglusUvesndanulansaunisn 22
E(A) + hD -> E(A") + E(e) (22)
waziflpsnnasnuvednladidnaseu Aewaseuaall (Kinetic energy, KE)

wie E(e) = KE Feanunsadeuaunisiuilvegluguvemdsnuaivedulndidnnseuds

aUNSN 23

KE = hD - (E(A") - E(A) (23)
Tnedien E (A) f mmLLmﬂsi’mGUmwé’amuiwdwawamﬁgﬂiaaalm? (lonized
atom) wazognouidegluaniizund (Neutral atom) Fa3endn wassudamien (Binding
energy, BE) va3dlannsou dsirendsnudidedliiiiovilitidnnaseunanooniuiiu W
Tndidnnseutiues Fsawnsadeoulsdaunss 24
BE =hU-KE (24)
2.13.2 daulsznaunanvaaaiasiie

AUUTLNAUVANYDLATAINBN T IUNITANYINIBNARA XPS WAAIAININTA 21

= o

al 1 ‘:’{
PIHUFIUUTENDUAIU

=3 4

1. bvaInLinsadong

3 [

ANSNAABIAILNATLA XPS AAa9lSId@dNGNIANSINUAITLNEIA A7 (Fixed-

v a ¢

energy radiation) Feunasinlinseddndnfeuldd 2 vila fe slafidroluadussgiifiey
(Al) wazwuniidey (Mo) FeazlhSsddndAtindsnulnnen 1486.6 eV (AlKy) way 1253.6 eV
(MgKe) anuaauy
2. \A3eslieTanaeuesdidnnsou (Electron energy analyser) llndidnnsou
A o 4 1 @ . 1 a 1 ¥ a A @ [ A &
gninilenlagiaudusingn (Magnetic lens) Aounvgruinlulunsestlefandsuimdu
wila Concentric Hemispherical Analyzer (CHA) %38 Cylindrical Mirror Analyzer (CMA)
3. @negdag1nia (High vacuum environment) anInusseinianiely

wsesdle XPS Aenduannrgauainiaiedesiulilinlndidnaseunignuandasseenuign

sUNIUAINNSYURUBEReNvIBluanavasianagluussenne
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Photon-in

Photoelectron-out

ﬂ’]‘W‘ﬁ 21 LLNuﬂ'ﬁNLLﬂﬂQﬁﬁUUi%ﬂ@U%ﬁlﬂﬂJ@ﬂLﬂ%‘l@ﬁﬁ@ XPS
(https://www.slri.or.th/th/beamline/bl32a-pes.html?view=article&id=2950:2013-07-17-
08-22-33558&catid=57:bl32a-pes)

2.14 a5l letanuazidiladiunInsdlnt (Ultraviolet and Visible Spectroscopy)

'
v aa 1

< « & A v A =) ! v aa a
Juesesdlefildlunisinnisgandunawsesidnedluyidnslilemnuaziala
Feogluriearueiadulszain 190 - 800 wrlwwuns Aen1mi 22 loud winasdunsd
(organic compound) #30@15UTENBULTITEU (complex compound) #3a150TUNTE
(inorganic compound) Neniauayliild andhvesarsisnanilathuladuisieseinsly
RN NS BIUTINRE19N I
lngilumelian1saasenil uvensellonsendt gaddadaaninsiilanuns wion
A o a s A a aX daa d I aa a = i
a1simitnisiasienidavseiinddu arsnddduszaanduiadlugiididaeasenii

[ a a .
ARLABILUAS (colorimetry)

transmitted
incident absorbed
F > » F,

iati . radiation

radiation radiation
~
,-"/’ \“‘-\
Py

- .

e &
reflection (B scattering (P,)

AN 22 WEUNTNASAADUATNSENVDIAISHALNUNI TN SIA NI DA

(http://pws.npru.ac.th/arunrat/data/files/ch2%20UV-VIS.pdf)


https://www.slri.or.th/th/beamline/bl32a-pes.html?view=article&id=2950:2013-07-17-08-22-33558&catid=57:bl32a-pes
https://www.slri.or.th/th/beamline/bl32a-pes.html?view=article&id=2950:2013-07-17-08-22-33558&catid=57:bl32a-pes
http://pws.npru.ac.th/arunrat/data/files/ch2%20UV-VIS.pdf
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dleliduasiiindeufiegsseiilosiu (continuous beam of radiation) ruttluly
Toglavgnuiiuasudiugnaaniy vidinnsasiow Uediunsde waguduniy
naeanlufuandusy fuasiingqoonldiuiudiadosnszaisuas 9y U3du wie
L3RR aziuiaUnafumgldiunis daufimeludisendn absorption spectrum
nFauiignganduluduasililuianavioesneuisussduresndsnuainanug i

(ground state) lUganuznszdu (excitrd state) fauandlunmil 23

4 exicted states
e —8—

|

Energy

hv AE=hv AE=hv pie

——4&@)—— ground state L

NN 23 TEAUVBINAIUIINANTUENY (ground state) lUgvanugnseduy

(http://pws.npru.ac.th/arunrat/data/files/ch2%20UV-VIS.pdf)

a aa a

Uagiuasesg3-3aidaaninsllafwesduunsandu 2 Ussan fe 1. auaunen

Y
(single beam) A9ANT 24 2. d1uad6 (double beam) AIAINT 25 LATBINIABIUTELAN
AINANNATLAIUUTENDUALDUNY P9l

1. wasAudauas (light source) Wuduilvsadudiunaniadi laun vasalalnsiau

Yo

(hydrogen lamp) waguasnauneissy (deuterium lamp) Wuwnasiudanailnssdyivng

Y

A21U81IAAY 160-380 UluluAS WagnaoaviaLal (tungsten lamp) Tuasdgida
AMNYNIAAY 240-2,500 U LIRS

2. flunuas (monochromator) wnasnilauasaglwsid@niiaiug1indueanun
AoLed MEIINKIUAILENULET WY LSRR (grating) warUsTu 1Jusu Fauimtnidenaany

A ! Yo o A A o = «

81IAAU AN LSIALEDANEIIAAULAINTOAIINEIATULANE

3. 1adA19819 (sample cell) #3D138n31AINA (cuvette) AININT 25 Hd 15U
WATRFeETIEnUZLAG Yaavan warvedla AindladnanTanraneUsznn toun

¢ 1 [

WAL AINSUILATIZMA10E1993959887 ANBATLALTANT19LGILATIENYIAIIT A

Y


http://pws.npru.ac.th/arunrat/data/files/ch2%20UV-VIS.pdf
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dmsulunIese g 0aawninslilalinesussiandiuasd diuusenoulsiivadonsds

(reference cell) agaae lngldussgarsazalsuuasi (blank solution) Fanseuiniiou

Y

ansavangiatusiifeg1aey

Monochromator

3

Entrance
slit

//'
> [ Detector

Sample

Exit slit Beconi ]

ource 5
S device

A 24 dudsenevvenasesidaidaaninsinladiinesussinnauansen

(http://pws.npru.ac.th/arunrat/data/files/ch2%20UV-VIS.pdf)

diffraction

rotating disc

&

grating mirrer

O slit

light source

]
-

sample cell

-

I'T1IH(x

reference cell

recorder

=@

detector

N
N

AW 25 dudsznevveaatesd-dadaauninsliladivwesussinnauase

Y

(http://pws.npru.ac.th/arunrat/data/files/ch2%20UV-VIS.pdf)


http://pws.npru.ac.th/arunrat/data/files/ch2%20UV-VIS.pdf
http://pws.npru.ac.th/arunrat/data/files/ch2%20UV-VIS.pdf
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08 =t

06 =

oy / 2

02 =

L P 1 t i i L 1

250 300 350 400 280 320 360

Wavelength (nm) Wavelength (nm)
In cyclohexane —— Phenylhydrazine

120000 A e Aniline

3

6000 4 &

3,000 4

0

A 26 glatunafudnuuzig 9 maqgﬂﬁ (1) wag (2) wansnsrivvestuulailuy
(Benzophenone) wag (3) sxlaunasiialonsi@u (Phenylhydrazine)
(http://pws.npru.ac.th/arunrat/data/files/ch2%20UV-VIS.pdf)

v U o aa

4. f5udnn (detector) INNTNNAIATIZNAIULTUVDITIANNIUANTALANUAIDEN

T o

]
=) =

wiatignannauld lneanuduvessidasivioududyanulnin degruniemsan wu
waalWlnlian1dn (photovoltaic cell) nasalwlatafinateteas (photomultiplier tube)
waealla (phototube) LagipIaemsIamdanaulalon (silicon diode detector) {umu
r-:l' o =2 [ Y Aou = o = - vV & Y
5. \3030udN (recorder) vimthduiindaya1aianana3ewmsam tndudiiay
s s A a U v I 1 v s 1
VOILBUIDILUUD (absorbance, A) M50EIEUNATU ANBULNIINILLTUANFUNUDSTENIN

I3 = I3 s s & v o
WA XLUUAINTNYIIAAY Laghny YIUULBUYDSLUUYNIDSRYAYAINUAINIU

(%transmittance, %T) w3aluaisaninganiu (€) wse log € agalsiniudnvmuznsv

[
3 (5 a

zquagivuszinnvanniesyd-duidaauninslnlandinesoe Jagdullounasnunu Y

< 6 6
LW ULDULDTLUUY


http://pws.npru.ac.th/arunrat/data/files/ch2%20UV-VIS.pdf
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2.15 gaunsdlundedig
2.15.1 wuAi3e (Bacteria)
N = a s & a s A & ¢ a
LuALSe Ao aunsdmiudlidineadifen Mlugaduuulusuaslon
(prokariotic cell) wuylulusssus@ Au U1 91n1A LUATLIBHUNUINAIAYADDINS

[

a aa & o v A v A . . .
LazN1sHEN IS inszwualiseduanund A ivinliomsiindes (microbial spoilage)

| & [

o Y a [ a . . =l 1 Y a v &
wazyiiAnlsnomsiduiiy (food poisoning) Miudunsedaguilam AsuuNITaUDY
81115 (food preservation) yn3sidumaiinfildiiiavinats nierruauanIIzwInd oY
iWeduginmaiiudnnuvesiuaiiisy HHemans1a1sdiariug 1W3yisensena)

2.15.1.1 las9a319vauAiitse
LLUﬂﬂL’%aLﬁu@a%wwaa‘Lﬁm“ dulsEneuluieafurasuedeitinduly
TneflduUsenaunan 2 d@u LaglASIas19aNYULYBLUATIS 8AILEASIUATNT 27 A
1 I~ Y 3 P % 3 ] I I3 v a 1 :’1 a
druusn Wunduvaduazieruwad wiuganazilunilinegduuengaiaiig
ufﬁqu,saLLasL‘U%a‘ULaﬁauiﬂsﬂﬂizaﬂmammﬁﬁa v nshwdnyazuarsUiveuafisy
wl3liaen daannrlawadidnluaziludoiuuie 9 Bendudeiuwadvimininougunis
a | = ! ¢ ¢ P v
wanaguansemsine q waziinednigluiwaduaznisueniwadvesiuailisglviining
WLNEaulUN1IANSITIN
' a Y] ) ¢ v v = a | P
dwunaeseginnierueaniinly Ussneumeaisnuvadseninlalananady
melulalanara@uusznouluaie TUshu ansemsans 9 wu wds ledu wazeuledas 9 9
19lun1950159330 uenaINTUTIENIATIARDNUTDALOULD FaussysnaiugnIsudmiuauay

o aa = %} & a a 1 U vy
N3AN5WINLarNITAUNUSURLUATI B usazan e ugLIAe

LuUATLSEUIsasRUgEANaINTaluNISaT 1INl Yaa SHaunuInIUng
Fouseuiisiu isFenudsiinundufiawiiavoivieuntya avefazamusioninuion

[ & aaa M v = 1 1 <
AIULYU AIUYU LL@%N‘U?WQQIGWUWU%Q’ISULL%J'N%%I&I@J@']%W?L@EJﬂMW@J


http://www.foodnetworksolution.com/wiki/word/001978/micro-organism-%E0%B8%88%E0%B8%B8%E0%B8%A5%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C
http://www.foodnetworksolution.com/wiki/word/001856/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%AA%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%99%E0%B8%B7%E0%B9%88%E0%B8%AD%E0%B8%87%E0%B8%88%E0%B8%B2%E0%B8%81%E0%B8%88%E0%B8%B8%E0%B8%A5%E0%B8%B4%E0%B8%99%E0%B8%97%E0%B8%A3%E0%B8%B5%E0%B8%A2%E0%B9%8C-microbial-spoilage
http://www.foodnetworksolution.com/wiki/word/000332/food-poisoning-%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3%E0%B9%80%E0%B8%9B%E0%B9%87%E0%B8%99%E0%B8%9E%E0%B8%B4%E0%B8%A9
http://www.foodnetworksolution.com/wiki/word/000333/food-preservation-%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%96%E0%B8%99%E0%B8%AD%E0%B8%A1%E0%B8%AD%E0%B8%B2%E0%B8%AB%E0%B8%B2%E0%B8%A3
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3.1 ATTUIUNITHAANAEU
3.1.1 1ATINLIANANENIANEYYINIALUUAINAUA (LPP)
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3.3 ATLUIUNITIATISNANITNATOY
3.3.1 n1snagauAUvUILiuveasayyadasslunatauidemaliaaiuninsalnd
nuuLUaas (Optical Emission Spectroscopy: OES)
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nsudanasuduNssaaiUalnsalal (Fourier Transform Infrared Spectroscopy, FTIR)
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ndisinlndidnaseudiuninsalnl (X-ray Photoelectron Spectroscopy: XPS)
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3.3.6 MIVAdaUANYMzdngIuINg1vaRlag1udstdismatiandasganssal
LUUEABINTIA (Scanning electron microscope: SEM)
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3.3.7 NM1INaFaUNIsAAULasNITasTiauLasvasiattanled1afenalindng
T Taranuazigidaaiuninsalny (Ultraviolet and Visible Spectroscopy: UV-Vis
spectroscopy)
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MnMsmnassiioliaszimaniizvesdademnzauiigalunisinisuiuuse
AnianTAvesutain ddldmadanaranidusnglunsuiulsinuanidlagasldnanan 2
viiafe wanauimuFu uaznatanladidnvidnuutiensfiavise Taesinsdudunuves
ATIULKLNUTIMIIADIa AT EsiHan SnaaesldRsd]

4.1 wansnaaasannslfimadananaunviinannududinlunisuiulssauantdAvesuds
417
4.1.1 MmsAnwanuuwiuvasayyadasslunaiaundlewmaliaaiuninsalnluuy
1asuas (Optical Emission Spectroscopy: OES)
FovhnsAnwmsiamanumuiniuveseyyadaszlunaiamnen snou anms

[

Taanasunasniuaseaninfluidas seAunduiuand19iuaInaIng 39 uandeuyyadase

fd1finyAo NO O OH N, HB C, N H, Ho Uz agnaumed Ar fsanansainldinanuduves
miﬂamdamaaa%aﬁaizﬁLﬁmﬁuluizwwmam lngnunNguveIeEnauaIsnau (Ar)
Tur23 651 - 843 unluiwns (Li wazAmy, 2015) ayyawes NO 1 283 uiluluns (Rezaei
LayAy, 2018) BUUAVDY O‘1'7i 297 UULUAS (Calixto-Rodriguez wagmy, 2010) RIPEY
yaslansonda (OH) 7 308 uluums (Chou wazam, 2011) DUYADATEUDS C, 7 516
uluims (Puliyalil wazanug, 2016) dAsnagnunguues N, uay N 7 394 - 452 unluluns

507 way 535 wilulumsiaz 556 uluuns (Bystrov wazAtdy, 2013; Kiristi LazAgg, 2015)
wazldtnmsnsenulunguuedlelnsiaudeny Hg 7 486 uiluiuns H, 7 603 urluins uaz

Ha 71 656 unluiams (Chen wazAmy, 2016; Chou wazAnz, 2011) waziileynsAnwing
TaAnuvuLdueseuladaselunatautasneunasladegsluasgyyIna wudl A
mMyinawnmunasiaseenuniluusdazssdundsnuiiuandnaiuainaini 4o eyyadass
fwdloufulunananiesneuneuldiegiautisin udnavesramiduduveseyyadass
anaq esnadlewanauinssnuasuuiuiavesiegnautidndsmalouneanieluanaves
meghufiansrganszngegnelussuy vilvauduvesnisvanydesvenauauyadasy

lusguvanas WaweuiuAmanuntuveInguoyyadassvessyuunouldnegi
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4.1.2 Msfinednwusnsiussialinifiaduuuiaflegnwtsinadiematiaytes
nsudanasudunssaaalasalal (Fourier Transform Infrared Spectroscopy, FTIR)
lnsneunisvegeutnddelavinsnunyilenduredlassasisitegrantadng
mewelia FTIR feugninandsulsmulassasiawengunisiulamsnlulsinusosas 64-73
nquvaslusAukazAMuTuYIIIMSosay 5.8 - 7.7 wagnguvadludiulunniosay 1.6 -2.8
Fululsunawesssdisznounmuaiindeglunledn uazainnmsfnwmunyilaiduves CH,
C-0C=0uay C-NiJudu (Romdhane Karoui, 2010; Zubair Farooq and Ashraf A.
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ngisinlndidnasauannsalnt (X-ray Photoelectron Spectroscopy: XPS)
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Wodkues Fadanalviiniusemaall (Z. X. Xu wazay, 2011) 3109 44 i asrUsenay
MaLATveIRIsUDY (Cls) Usenaumeiusyyes C - H/ C - C fidunis 285.0 eV C- O 9
° ! aa s o o ! aa ¢ q'
AuMLe 286.5 Bianaseuliad C-OH / C - O - C Wisuvis 287.4 Blannseulian C = O ¥
Fuviia 288.0 Bianaseuliad uavgavineiuszues CO / O - CO Tisumus 289.0 BLannsou
1786 (Cao wawAy, 2016; Puliyalil wazAmg, 2016; Wang wagaAmg, 2008) ANINU
o ' U A a = a & (3 a &

Aunisvesiuseliinanlulasiau (N1s) 11 399.8 Biannseuliad way 401.5 BidnnTau
Thad Fauvadunguvesaiiu (amine) fia C - NH waz 10lud (@amide) fo NH,* (Cao wazaay
, 2016; Z. X. Xu wazAg, 2011) naannarauilasunisenusenatauingululnsiauves
ellunavngueludazgninunldBnase uazeendiau (O1s) amnsauusesnidudmumianiin
1¢filo C= O C-OH uaz O - C = O siunusgeandl 531.7 Bidnaseuliad, 532.9 Bidinaseu
Tad way 533.7 8ldnaseuliad a1uadu (Jian Yang wagAmg, 2002; Wang WaLAMY,
2008) FanwazvIRUsEAAATWANIINNATEN I LU U ATeAUTAssas Tt 39
INHANTIINUAIENATA XPS NAnwINsiniusElagyinNsnTIadauaIn 3 asAusenauman

Y & 1 a a ¢ a ) a A v Y] ) q' v

an b ALINANAN1TIATIEAINUNUTEN19LAN AN AR DINUNAYBINUTE NN TIINUAIY

wadla FTIR 3931nnave3n15nadaunlgmaila FTIR 9gnIanunguveslaseasig

LY )

aslulaasn WWskiu waglulfu Aussdvseneauiieglundedn wazilioinsnsivaeusie
walladsaninguvesiusendeglulasaiisvesudatniguiu Mdunanisinsiginig

watia XPS Fsraglunisatuayunaresnaia FTIR Tdanudamuiinunnauy

i a ¢ ¢ = o | v v a
M19190 4 ﬂ’]i'ﬁLﬂﬁ’]g‘wa\iﬂﬂigﬂau‘mqﬂLﬂm%aﬂ@]'ﬁaﬂqﬂLL{jQGUTJ@I'JEJLV]WUﬂ XPS

AaslnAn (ne) vy eridfuy

C N O /N Cc/0

0 76.25 372 20.03 | 20.50 3.81

50 80.09 1.10 18.81 | 72.81 4.26

75 78.51 2.19 19.30 | 35.85 4.07

100 70.43 1.28 28.29 | 55.02 2.49

125 71.20 0.81 2799 | 87.90 2.54

150 69.09 2.35 2856 | 29.40 2.45
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AN 44 HAYBINITILATILY XPS NOULALUNAIDIUAIENANFUITVUAAIIUAUAT (LPP)

(n) Asusu (Cls) (@) Lulasiau (N1s) (A) p0nTLau (Ols) Aa a@Wnasuueasingl

ABUBNUMIENANENN wag (%) ANSUBU (C1s) (1) lulmsiau (N1s) (3) @8n3tau (O1s)

A9 AUNASUYDIFIDLIINAIBIUAILNAELN
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LAZAINNNT 44 LanINanITIATIERvaINgunusENinsenIeuiisevenguoyya

daszvatouiuseandiau wasngueuyadassvaseunusiulasaulunatauivlaseasisves

q 9 q

I
v

wlad13 nudinnisidsunlaseanguluananivaivsinuanacdioniagrantetniniu
n1seumIgNaaun wagluanavesngulufivadusunaniiud dewalvidiegsvesudsdnng
ANLasalunIsyeuIanatarANaNnTalun1sveunuiLINTY (Peng UazAme,

2017)

4.1.4 MmsAnwin1spadunaznsazieunaIvasilegutsinadlsmaiindnsilale
tanuazagiiaatunlnsalal (Ultraviolet and Visible Spectroscopy: UV-Vis
spectroscopy)

nTraulafinyinisasyieunasvaingudlegraieldlunsatuayuves

Auautiveslslunisdisdntesiansaingilusssueid dslunisfnwdudenldinaila

1 A

UV - Visible Spectroscopy @aidumaiianldinAinisanndunazagnounaslugisuss

Y

gIuAzUAIIABLUYIN 200 — 800 unlulins 1NNWT 45 wudnmsAnelugiisaula
ADYIUAIGTUAZUAIUTY INNAAINTITALTIDULAIVBIRIDENBULAYNAIDUMIENAENN bl

nsdsula Baanadnnsenumenaiaulidwalinuauthveinsasyiounasvaui

o o
PridaguLlas
3
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— T.75 - T.100
2+ e—T.125 —— T.150
; e
aF . o
X 04 i
.] o
-2 il
=3 T ¥ T T T ¥ T v T
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Wavelengt

AN 45 HAYDINNTHATIZVAENATA UV-Vis NOULALAEIDIUAIENAFUIVTAAITUA UM

'
N o W

(LPP) finaslyliin@e 0 50 75 100 125 wag 150 Tna
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4.1.5 Msfnerdneurdugiuvutuanuiegiwdediiiriiuniserudlgnalaun
AewAllANda99anIIAlLUUEaINTIN (SEM)

NNIANBIANWUENIFUFIWINET (SEM) vesitedraudedniainaini 46

v
A a

nuIeganlulaeuamgnatauIAuaus (LPP) dulliiuiiNnseu waslusiognainiy

gy nadanaladnlinumsivisuwdamisdugiuine

X116, 666

1Skl o 0X10,880 1um 8028 EMR S¢ CHMU

o)

r
i 15ku 7 Xi1e, 686

Y 1 1

AN 46 Frvg1aNBURIUAIENATIANT ; (N) AIUAN WAy (¥) AeudIuNaraunluszuy

U 1 % 1% Ao o PN ! (% v
dgeUeunNIe LLaSG]’JE)EJ']\‘I‘VIaQ’e]'TUﬂ’J‘c'JWﬁ']aiJ’Wlﬂ'Wa\‘i‘lWﬁ’WlLLﬁlﬂGﬂ\‘iﬂu (A) 50 % (%)

LR A

Y s

75 30 (1) 100 798 (3) 125 94 (@) 150 TnA
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FINNTEILNANUT DU LANUUNURNIVDIFI 08191899 1NNTDIUNANEUAINA LY

'
a = a o

ANYUENIIFUFIUINGIVINFUAIDE1LAIIUVTVTFUUNURITAAAIN YA IANAIFNY]

[
a = [ ] = ]

AATEImMTaNIIAANTOUUUNURY WondunatauiNTudmalinugussasiin

[l

aviBunuuinvesutairifinduniudidu nsvdsuulasmesiuiiulddadanideesna
unmsorusenanand 125 faduag 150 Yad wuilaseadanedugiuingvesinesng
mvuaulifinmadsundadurnsilasadudadureniedn wuuinnvessesuanifisiy
punsiTuremdsunatan dauiafivsvsamarienainainnisiandeuresnaan
ImEJLﬁmmﬂﬂg‘jﬁ%awawﬁmaaaumﬂﬁagjmsiuwaﬂamLsu'ulaaaul,mz@LﬁﬂmauﬁLﬁmﬁu
seminnseruionatan mMaUisuulasdnvuensdagiuinefindrefudunuldly
fegnareaunauiilisunsenusmenataun (Sarangapani uazany, 2017) wasiunidly

waratdwanansaaduiiaziiudeiainannmsivisuiUasdugiuing veaiui

4.1.6 Mm3fnwauauTAnIsgaduthuaznisgaduthdiurasutiednng
MnMsAnuMsinnuautRvesmapadutiuas gadutnturesiogautlstn
fhenmsoumenatanannwil 47 wudndelmaraundluluszuuidsgautsineg
wanauazdluiuAseuiiuiavesiegrutinfdematensiudsuutamnadiued
Tnganmsnnassfiogendanniiunmseiufenaauiauausalunisgaduihanas

wazangusulAuTulasuiuAINNaIusalunIsARtULIkaz U uYeY AeenaluNEu

Y Y

A158IUAIENAELT FINAFBARADINUNANITIATILAABNATA XPS INNANITNAABUNU
WUsEYY C- O C- OH C = O Uay —~COO NUITIUNUNT FINguvasiuseNilvguilesiogis

AIINEIUNTEUMENAANNdNA LT UsE A HTUTINuNana R sdena liluanaveangudl

(%
a o L% 1 o 14 1

TI8nae Lagwunuseues C - C%QL@UWMﬁ%ﬁI&JWU’J LaZAIDENNFIDIUAIUNAIAUINUTN]

(% ' 1%
a = =< a

Wusyves C - C Windy Jsdmaliluanavesngulafivaiudy Jafndwmarilvaiuaiunse

lunmsaaduihanas wagauausalun1sgaduldusTunLEaU
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= = = v I =2 v v o
ATNT 47 uansnani1siuTeuiguvesdiedranisaadulaeldnatanininudue
(n) MIgaguinvesitauay (WH1UN1TEIUAIENATEN) NIRRT VDIAIRENT

HuNsEUSIENaNEINTIsEalnin () 50 36 (A) 75 e (@) 100 Tne (9)

1%
= o

125 99 waz () 150 06 (2) N13paduuidu squalene vasn1sAIvAu (ldsuns
91UMENATAN1) N159FUUTU squalene VOIFIRE19MHIUNTOIUAIENANANT

Al (¥) 50 06 () 75 08 (1) 100 09 (gy) 125 0dl waw () 150 04
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4.1.7 n15AneIN15UUUauYa L YR AUNTINDULATNAIR 10819 NHIUNITDIUAY

WA

a

NNANABINITETUENTAUNIIvaeUTaTlAEN1TOUMIENAIENIAINAINT

a

48 NNRANITIVINUIINANEUIAUSUAT (LPP) @runsatredudutoadunsdluwtdatinle

9

lnenunguveseuyaredlonsanda (OH) MAndulussuLTIaNITaRTIINUMEmNATA OES

LazIINNANITNAaRInUInieliidelniNgevusinliriveseuyaveslansonda (OH)

Waunsaau Inensileyyaveslansenda (OH) asidrldilvivlealndlausnandoviuigad

a | v a a | - N
deove denalvidmiTevesvanfiegneluwadlvasenuignisuen Wt vieveuvaiiie
¢ a ~ v U = o8 v ¢ d a ade¢a - v
meluwadiinnsdeauna daudsiliwadresteyaunsdiianisiies wnn wasaielade
nIwaauUni (Kong&Davison, 1980) A9tuaINNan1sAnedaInnsavanliiniionguves
auyaveslensanda (OH) LT dwalinanauniiauanansaludugugesdusdlniadu

AUAIAU
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AN 48 ANNITINEAsLLBLED () AR819LTNNIUBIUMIENANALT WALAIDE1INaIDNY
PIYNANFUIRANAAUINAFILNA (1) 50 06 (A) 75 06 (1) 100 T96 (1)

125 996 wag () 150 Tna
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4.2 namsnaaasannisidimadianaraunviialadidnninuusioas Aayisalunisuiuuse
AuauURvaInidng
4.2.1 MsAnwIAMNUILLNYasayYadastlunataudlswmatiagunnsalnUuuy
1asues (Optical Emission Spectroscopy: OES)
Sovhmsfnmnsiamanamuuiueseyyadasslunanauneuiifegauts
danaindt 49 uanseyniadassiiddnie N, uay O usnanidany O; MNAUMisved

O 11 296.3 UlWAT WAzARgeEATINUABNGNYBIBEADN N, 71 315.0 - 391.1 UlULIAT UaE

a

7 398.0-434 urluLuns (Calixto-Rodriguez wagauy, 2010; Goujon HagAMg, 2004) Lag
Fethsegrautsdnanunsansiainmemamuiuiureseyyadassvesatainainamil 50
wueynAdasEiddnAe N, O wag O, Fmusyyadasymvileufuaiunniuvesedomandn
filaififegnautlstn TnsiAnnsanUdosoyyadaszyes O 71 297.4 unluing waswuoyya
Saszwes 0, 7 393.8 wiluiuns uaveyyadaszvaINgNozmey N, 71 315.0 - 393.7 W
Tuns wazdl 400.0 - 433.4 unluluns (Calixto-Rodriguez wazAniy, 2010; Goujon WA
A, 2004) wazlavinsfinweyyavedlelau (O,) way tlunsneanlud (NO) lny Telau (O,)
waz lussneanles (NO) lianansatasemaia OFS 1¢ fufusiialdinsindeniadle
Tunsseduanududuinalelvunazluninoonles Tasazldiaiesdiosu Sky2000lunns
asradulundneanles (NO) wax Tolau (O,) Jsaunsatnarvedlelay (O,) s 280
ppm uaziaUsinawesluninean-lad (NO) léfiusunas 100 ppm Fseysavedlely (O,)
anunsadatulaemaiuiatentusswin 0 fu 0, uadlunineenledifinannsuiazen
38171709 O AU N, Fiintuluwanaun (Aboubakr wazAme, 2016; Kang uazAme, 2015)
é’qﬁ?umﬂmiﬁmznLLazmﬁmaauﬂmamﬁamaqwmam Feanunsaduigiuldineuyadassves
0, way NO Miintudwwalunistredudedsuiloulushogruistiwazanunsagaslums

USuussnnaudinuaulacie
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AN 50 ALUNATUVDINAIAUIANUFUUTTEINELUU I BLEN NSNS 108 5Aaw153 (DBD)

Y

YU NLAIDE19 DI

4.2.2 msﬁnmé’wmwwﬁus:mﬁﬁLﬁﬂﬁuuuﬁqﬁqaEhm,l:f]a%'wé'wwmﬁﬂw“Fsa%
nsudansudunsHsaaUalasalal (Fourier Transform Infrared Spectroscopy, FTIR)
mﬂmamﬁmeﬁugﬁqﬁ%ﬁwmaﬁﬂ FTIR 97nnSANYINANISIATIZR 1981
yoautadlneialunungiladduves CH,C-0C = O uaz C - N1dudiu (Romdhane
Karoui, 2010) 91na il 51n nuitdaegraudstnndiniserudenaraulnenulaseasng
T9sTu 3000 - 2800 ¥y wag 2300 By Fuina1nlAseadneves CH, Tassadrslusiunay
AU 1,700 - 1300 @0 wa91nlATIa519 C = O wag C = O - OH wazaslulawnsnd
1200 - 1,000 1t 91nWusEvas C - O way C = C (Romdhane Karoui, 2010; E. Xu hag
ARy, 2016; L. Xu wazAme, 2017) dnvaraiunasuvesudetnanuininnisideule sy

3 N a ¥ 2/ a b4 % U 1 A
parUsEnauMaAilisuAuLaslassasclushiunsiulawmsauazl aseaselatu Aegrefiau
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NNIRIUNAIALNaNwLYeIlATIas19NAdeTuiuaeg19RldlASUNNITEIUAENANELN
281915 ANUNANITANYILAAS AL UAIULANA T NI 19N D ULASNEIDTUAIENAEL

PUINLATIAS19ASIULELATAAINAINT 519 LAANISANAIYDIANNENINUSE TIN15tUABULUAY

a = U

ANNENINUSEOAATUL TR SNoYYadast Tunanauwd luvi i use 7 Banieiuly
lassairavesitegrawdetnifinnisdunazdmalvinsenuivesneulndidssdailasaaing

WasukUass lidsnanavunavinlilaseadialasundasannlasaasamy
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4.2.3 n135An¥IIATIEIBIUTHINd T U0 9AUIENaUVBIS IR A e WATiALND
sinlndidnnseuauninsalnl (X-ray Photoelectron Spectroscopy: XPS)
NANTSIHATILIDIAUTENBUNIALYDF D8 19bUNUINDUBALARID UM ILWATEUT WU

Usznaulumeasrusenauvetaznaunanaiusin 1own C O waz N 1udu

a a 4 (3 IS U 1 14 14 a
A135199 5 N19IATIzBsAYIENOUMSATvasfgsulstImBwmatia XPS

narlun1sarudlewataun (3und) nyjileridu

C N @) C/N C/0
0 73.41 3.55 23.04 | 20.68 | 3.15
10 70.09 3.60 2631 | 19.45 | 2.66
20 69.57 3.76 26.67 | 1850 | 2.61
30 66.58 3.28 30.14 | 20.29 | 2.21
40 68.72 3.53 27175 | 1947 | 248
50 70.38 3.14 2648 | 2241 | 2.66
60 69.97 3.34 26.69 | 2095 | 2.62

1INMISNN 5 UIBD9USuauansduiusvas C/N way C/O wuln fhsgaktar1intinny

N1501UMIYNANFNIRALNNIUNITRIUAIENAIANT WUKAYBINITIAAUATEIMALl T
S Ql' I3 a v o 1 1 [

N3EUIUNT AB 9INNMT 52 uantasdusenaumaniivsznaulumemuniaresngunisuou
(C1s) Aa C-H / C = C Midunud 285.0 Bidnasaullad C - O Neunud 286.5 idnasaullad
C = O Nidunud 288.0 Brannsaullas waz O = CO ARwme 289.0 Bidnnsoulias (Cao
wazAuy, 2016; Puliyalil wagag, 2016)dunusnisiinveslulasiau (N1s) Usznauaie

a ¢ a I3 n P
400.0 BLannsouliadn way 401.9 dlannsaulian (NHs") (Z. X. Xu wagamy, 2011) &9
NF991NATIVEDUFI0E1MARUNITO UM NaIauIvedlulasiaunuIdinguveseliuas
wluanasuulas@ainainnisinaran i luyiuiisedudiegrawdatnnFedanala
Uszdninmueanguieiuasialunanad (Chan wazAy, 2018) uaznauveteandiau (O1s)
anunsouteenlu C=0 C-0 C-0-Cuaz O - C = O Munisgegnil 531.3, 532.8
way 534.7 3Lannseulliad Auafu (Genisel wavAmlg, 2011; Peng LagAmy, 2017;

Xiaojun He, 2013; Zheng uwazAy, 2017)
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FraniuseNnuiinannatau iU jisendunguuesaniveukareandiauiilagly

lasaad1aveds Mnnan suageukandliiiulieyyadassuazeinusznauiiiniuves

Y
I aAa v

waraudRaliiuszeangy C - O C = O uay C = CO Fudwiuszvasluanaveinguiild

q

[ 1 I

ana13991 19298 19u 9018 A UE U150 TUNSTUUNLALTY LaTUBNIINUNUITHUSY

4

a = [ Y 1

C - C MAnTundanndiegraiiun1sorumenatadusaniudu Jedanaliluianaves
nauvesliivaiuuIvihlvdiegvanunsanaduinduldd Fnisveaeumewatia XPS ag
wansnalugUiuuvesasalsenaunaniidleglufiiegie Geullnavesiussaennnefuraved
mMylaszmewmata FTIR @1nnanisvagaunulaseasne C = O C - N uag C = O - OH
& v a ¢ v a o - A a ¢
Judu Zaannan1sinsienniginaila XPS nuiusra 1 diguiy Asunani1sins1ey
aeAUsnaUMBAlemAlian XPS Jsaunsatieativayunavasnisnulassassiinduly

fragnantl a1 nmala FTIR

= (4 t% o/ ] v ¥ a [
4.2.4 ﬂ'ﬁﬂﬂ‘l:}']ﬂ']ﬁ@ﬂ‘ljULLa$ﬂ'1iﬁg‘lﬂE]‘ULLﬁ\??JE]\?ﬂ'JE]f‘Jq\‘]LL{]Q%qQW'JEJLVIﬂUﬂaﬂﬁq‘l'ﬂa
tanuazdgiiadidninsdlny (Ultraviolet and Visible Spectroscopy: UV-Vis
spectroscopy)

INNITANYINITIATIERAINTTAL VB UVBIA28819U TSI NBNTIAEDUAINTS

Y 1
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Abstract. Nowadays, rice products are studied to enhance its value such as in medicine and
cosmetics. This research using the low pressure plasma (LPP) to study the properties of rice flour
after plasma treatment. Rice flour samples were treated of various of powers at 50, 75, 100, 125 and
150watts. During the plasma treatment, the plasma species were observed by optical emission
spectroscopy (OES). The major of the optical emission lines from OH, Np, Hg, Cp, N, Ha, He
radicals and Ar atom were observed. The emission intensities of each species increased by
increasing of plasma power. Surface morphology was studied by scanning electron microscope
{(SEM). The fine grains found on the surface after plasma treatment. The effect of the roughness and
fine grains structure on the surface of nice flour were increased by increasing the plasma power.
Then, the surface chemistry were analy by reflectance-Fourier transform infrared JATR-FTIR) and
H-ray photoelectron spectroscopy (3{PS). Static contact angles were measured the water and oil
adsorption. After plasma treatment, the water absorption were decreased and the oil absorption were
increased at 100 watts due to the roughness of sutface and addition of functional groups. In the
conclusion, LPP can be a promising technology for improving functionality of flour and enhance its
value in various new products.

Introduction

Rice (Oryza sativa L.) 1s amongst the most widely consumed staple food, especially in Asia .
About 20% the total production is further milled and processed into parboiled rice worldwide [1].
Many studies enhanced the rice products value, not only in food products but also in various goods
such as in pharmaceutical, medical and cosmetics products One product using rice as a raw
material is powder puff due to it not containing any hazardous substance such as talcum .As well as
it has biological molecules with antioxidant properties, inhibiting enzymes that darken the skin and
helps to slow down the ageing process .As the substance reduces inflammation it helps cure acne It
can be rinsed thoroughly without leaving any chemical residue [2] Besides bio deterioration of rice
by decay fungus which degrades the cell wall components there are fungi which can cause
discoloration on the surface or deeper in the rice but cause no strength loss [3].

Cold plasma processing has been used for sterilization, functionalization, inactivation of
enzymes, altering the hydrophilicthydrophobic properties and etching [4]. The plasma technologies
have been intensively developed for more than three decades, there are successful progress as key
manufacturing technologies for a variety of industrial applications such as surface modification and
biomaterial processes .Low pressure plasmas are sustained in vacuum due to insufficient collisions
between electrons and gas molecules. In these low pressure plasma, the gas temperature is
maintained usually at temperatures much less than the electron temperature of a few electron volts .
The low pressure plasma sources are attractive in that the low pressure plasma can provide
enhanced gas chemistry via a production of high density reactive species. While the gas temperature
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is maintained as low as the level acceptable for processing of organic materials and biomedical
applications .The attractive features of the low pressure plasma have led to open intensive research
activities that require low temperature processes in materials in biological and biomedical
applications [5] .

Materials and methods

In this experiment, argon plasma treatments were carried out using a home-made 13.56-
MHz inductively coupled plasma reactor [6]. The rice flour samples were put into the quartz
cylinder of the plasma reactor and then the cylinder was evacuated to a base pressure of 0.01 Pa.
For improvement of rice flour the samples were treated by Ar plasma at 3.5 Pa and a radiofrequency
(RF) power of 50, 75, 100, 125 and 150 watts for 4 min. Optical emission spectroscopy (OES)
(Fiber Optic Spectrometer: AvaSpec-2048) was used for observed the active plasma species. The
schematic diagram of the low pressure plasma was show in the figure 1.

Figure 1. The schematic diagram of low pressure plasma using to modification the functionals of
the rice flour.

The characteristic of the rice flour property after treatment for cosmetic powder were used.
The physical and chemical properties such as the water and oil absorption, surface morphology and
sterilization were studied. Static contact angles were measured using 2-ul droplets of deionised
water and squalane oil, respectively, at room temperature. Three replicates of each condition of
treatments were analyed. The deionization water represents the humidity from the environment after
using the powder and the squalane oil was used to represents the human sweat. Attenuated total
reflectance-Fourier transform infrared JATR-FTIR) (Perkin Elmer model Spectrum GX) and X-ray
photoelectron spectroscopy (XPS) (KRATOS analytical, UK) was used to study the chemical
structure of the powder. The surface morphology was observed by scanning electron microscope
)SEM( (LV-Scanning Electron Microscope: JSM 5910 LV) .

Results and discussion
1 .Plasma species

The overall emission spectra during the treatment process at the different energy levels are
show in the figure 2. The graph shows the major optical emission lines of OH, N, Hp, C2, N, H,, Hy
and Ar .By increasing energy the emission intensities of each species were increased .The higher rf
power that delivered an increased energy to the system [7]. The greater collision rate in plasma
space which consequently leads to higher emission intensity by argon emission lines were mainly
observed in the 651-843 nm range. The emission lines of OH at 308 nm and O, at 516 nm. The
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peak at 394 — 452 nm and at 556 nm can be ascribed to N> and N [8]. And the emission lines of
hidrogen were observed; Hg at 486 nm, H; at 603 nm and H, at 656 nm.
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Figure 2. The emission spectra of the different RF power treatment.

2 .The chemical properties

The result of analysis with ATR-FTIR as shows in the figure 3. It was found that in the after
plasma treatment samples have the functions of CH,, CHs, C=0O, C=0-OH, C-O, C=C and C-N
groups [9-13] with the similar structures as untreated sample. However, the results of the study
showed the difference between untreated and treated samples at the CH; positions. Almost
treatments the peak are shifted to higher wavenumber, however, which one of the CH; positions
peaks shifted to lower wavenumber at the rf power treatment of 75 watt. It seem like that if the peak
wave number shift to the higher values that represents the decreasing of the bonding length. If it is
decreases, the bond length is increases. Which the bond length changes may occur due to the
change in electronegativity of the neighboring atom. This is like hydrogen bonding. Hydrogen
bonding is a fundamental element in protein structure and function. When plasma radical breaking a
single hydrogen bond may impair the stability of a protein. For hydrogen-bonding interactions with
polar side-chain groups the C=0 stretching versus O-H stretching, may be employed to identify the
specific type of hydrogen-bonding interaction.
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Figure 3. ATR-FTIR spectra for rice flour at different magnifications
3. X-ray photoelectron spectroscopy (XPS) analysis

The elemental analysis of rice flour components was characterized by XPS. Three atoms
clements (C, O and N) were detected with the plasma discharged at rf power 0, 50, 75, 100, 125 and
150 watts, respectively. The deconvoluted of the untreated sample shows in the figure 4. The main
peak carbon (Cls) was deconvoluted into five peaks at 285.0 eV (C-H/C-C), 285.6 eV (C — N),
286.4 eV(C-OH/C-0-C), 288.0 eV (N-C=0) and 289.0 eV (CO/O-CO). The Nls peaks was
deconvoluted into two peaks at 399.8 ¢V and 401.5 eV there were assigned to the amine group (C—
NH) and amide group (CO-NH). After plasma treated the nitrogen of the amine and amide group
were redused. And oxygen could be subdivided into three peak C = O, C-OH and O — C = O. The
peak at 531.7 ¢V, 532.9 eV and 533.7 eV, respectively [14-16]. The C/O and C/N stoichiometry for
rice flour unterated and treated sample are shown in the table 1. The result of the chemical reaction
of sample process reflects the degrees of cross-linking. It has been reported that a low water
resistance for adhesive is mainly the result of high hydrophobicity and cross-linking, and low
hydrophilicity [17].

Table 1 Show the elemental analysis of rice flour components measured by XPS

Power Functions

(watts) C N 0 C/N C/O

Control 76.25 3.72 20.03 20.50 3.81
50 80.09 1.10 18.81 72.81 4.26
75 78.51 2.19 19.30 35.85 4.07
100 70.43 1.28 28.29 55.02 2.49
125 71.20 0.81 27.99 87.90 2.54
150 69.09 2.35 28.56 29.40 2.54
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Figure 4. Show the XPS spectra of rice flour. (a) XPS spectra of carbon, (b) XPS spectra of nitrogen
and (c) XPS spectra of oxygen.

4 .The surface morphology

The surface morphology was observed by SEM .The untreated and plasma treated rice flour
samples are shown in figure 5.The untreated sample has a smooth surface morphology .In the
vacuum sample no observable change in the morphology was found but fissures on the surface of
the sample were discovered. After the plasma treatment the morphology of the sample had surface
roughness and fine grains which were caused by plasma particles reacting or etching on the surface.
With the plasma power energy increased the roughness and fine grains effect on the surface of rice
powder increase. Thechange of the surface was most evident when the sample was treated at 120
watts and 150 watts. It was observed that the morphological structure of the control sample was
unaltered, whereas the native structure of rice flour was disturbed by plasma treatment .The extent
of fissures increased with an increase in plasma power .These shallow depressions might be due to
plasma etching by immanent reactive species such as ions and electrons generated during the
plasma treatment .Similar types of changes in morphological structure were seen in plasma treated
black gram [18]. One of the reason of the water and oil absorption is due to the change in surface to
arough one .
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Figure 5. SEM micrographs of rice flour a (Control )untreated (b (Vacuum control ¢ (plasma
treatment at 50 Watts d (plasma treatment at 75 Watts E (plasma treatment at 100 Watts I (plasma
treatment at 120 Watts G (plasma treatment at 150 Watts.

5 .The water and oil absorption

The water and oil adsorption were analysed by the time adsorbed. Untreated sample can
absorbed the water better than the plasma treated samples. The drop of the water was adsorbed into
the rice flour rapidly, after treatment the water was slightly delay adsorbed. However, the squalane
oil absorption was shown the opposite trend. The untreated sample was used very long time to
absorb the squalane oil but when passed through the plasma, it was found a higher squalane oil
absorption capacity and a maximum at 100 watts. When the energy was increased, the ability of
water absorbtion was decreased but the ability of squalane oil absorbtion was increased. Due to the
polarity of the rice flour structure. After the plasma treatment incresing of the cross-linking of the
rice fluor structure was redused the the polar function on the surface. Moreover, the surface
morphology are the case of hydrophobicity resulting in reduced water absorption.

80
70 § —  water
60 - squalane
3 50 - oil
2 40 1
£ 30 -
= 3
20 1
10
0 T T T T T
0 25 50 75 100 125 150
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Figure 6. shows the water and oil absorption result of the plasma discharged at rf power 0, 50, 75,
100, 125 and 150 watts.
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k
Figure 7. Show the result of the absorption samples (a) the water absorption of control Juntreated(.

(b) the water absorption of treated. (c) the squalane oil absorption of control Juntreated(. (d) the
squalane oil absorption of treated.

Conclusion

In this study, the improvement of rice flour properties by plasma treatment were approved.
The untreated sample of rice flour has a smooth morphology surface . After plasma treatment it was
found the roughness and fine grains which were caused by plasma particles reacting or etching on
the surface .When the plasma power energy increases the roughness and fine grains on the surface
of the rice flour also increased. ATR-FTIR analysis found that elemental breakdown with the cross-
linking of the surface structure. XPS also supported the conclusion of the FTIR. XPS analysis found
that result of the chemical reaction of sample process reflects the degrees of cross-linking.
Therefore, the treated samples have the water absorption decrease but the squalane oil absorption
increased at 100 watts. Due to surface morphology and chemical structure. It can concluded that the
plasma treatment can be a promising technology for improving functionality of flour and enhance
its value in various new products.
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