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Abstract

SnO, nanostructures were synthesized via microwave-assisted process using
natural fibers from egg shell membrane (ESM) and carbon nanotubes (CNTs) as the
templates. The process used SnClys-5H,0 as a starting precursor for Sn source. H,0O,
treated natural nanofibers from egg shell membrane and UV-ozone treated CNTs
effective scaffolds for SnO, formation. Effects of crucial process parameters including
surface treating time, precursor immersing time, microwave power, irradiation time and
calcination temperature on relevant physical properties of synthesized tin oxide
compound were extensively investigated. The structural properties, morphologies and
relevant chemical bonding of as-synthesized samples were characterized by X-ray
diffraction (XRD) and scanning electron microscope (SEM) and Fourier transform
infrared spectroscopy (FT-IR) so that the important process parameters were notified.
Moreover, the synthesized materials can be applied as potential Gas sensing material.
The eggshell membrane was immersed in hydrogen peroxide for 12 h. because the
structure of the fiber is still. . it is unclear to observe the formation of SnO, structure
on the ESM surface. After the irradiation time and increases power and increases
concentration the cluster of SnO, particles was sparsely dispersed on the surface of
ESM with less uniformity. Then study the conditions of the hybrid composite tin oxide
using carbon nanotubes as templates found to tin oxide particles that resembles a

small structure, a stage called cholesterol. Is perched on the surface of carbon



nanotubes. Sized crystalline particles of tin oxide were prepared from the electric
power of 300 W is approximately 2.4 to 2.7 nm and approximately 2.3 to 2.8 nm when
the microwave power of 450 watts Burning Annie's help. the tin oxide particles which
have solidified the greater good. The results of analysis of particles of tin oxide
composite hybrid tin oxide using natural fibers from eggshell membrane as a template
and a hybrid composite material tin oxide using carbon nanotubes as templates. Points
out that Thermal energy rising affect the formation of tin oxide particles are likely
better. The alcohol sensing behavior of the hybrid composite were investigated. It was
found that the sensing response of the sensors depended strongly concentration and
temperature. The sensing fabricated from the composite prepared at higher
temperature exhibited an enhanced sensing performance alcohol at room

temperature with low response and recovery times.

Keywords: SnO,, Carbon Nanotube, Natural Fibers, Microwave-assisted Process
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4.1 wansnmnIsUsvanminvaadawdanliseniswalalasaunesaonlas. ..o 51
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fio 4, 8, 12, 18, 20, 24 Hlas wdvimsUdeslviuwisiigumniivies

4.2 wansanuwaizlAsas 9N U UANINRITa B Ol URON VRN oo 53
wilelasuneseanlesmelditoulunsudlslaswunesoanleslunaifiuanansiu
fio (a) 0 T, (b) & Falus, () 8 Falus, (d) 12 Falus, () 18 ol
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4.3 wansdnwnizve ot Al uES RS UTUIAT oo 57
@) 8 4w, (b) 16 4law, (€) 24 s

4.4 wansinuaglasaiveriannaylausaiuoanlenlneglidulessTuYIR oo 59
niedenludundiuuulaenisudidedenlyluasussneuiiueonlemiiunan
(a) 8 Falaq, (b) 16 Falus, () 24 Tl
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nelddulesssurdnndodenitiduwituulrensutidewdenldly
asusznouiiusonlemidunan 8 $alus, 16 $alus waz 24 Falug

4.6 NTIATINBUNTIIAAUNASUVDITAANAULEUSATNIUBDNLYA .o 64
elddlosssurdanndadenialnenisutiewdenlaly
arsusznouiueenlemilunan 8 4alus, 16 1las way 24 Falug

4.7 YaguavlouiafiusonladlasldidulosssumpniBerudonlidumsiiuy ... 65
Tnepnududuvesansiadu (@) 0.05 Tua, (b) 0.1 lua

4.8 uansanuglassainvesiannaylausafiuoenlealnglddulesssum oo 67
nndadonludunduuulnenisudidedenlylumuansussneuiivesnlas
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Taglmaaluldln 300 394 (@) 2 W, (b) 4 w9
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2.1 fivsanlaa (Tin oxide)

i (Sn) Wusemy 4 109913719579 ansainuiseneendintuinduiivlessunay

v v a a 6 1 a ) ¢ a < & a 3 =
JfuaIsetuvsd 1wy eendau vise Aaslsninduaisuseneuiu iueenles (SnO,) &
lassaimanuuuwasylinuea Aaguyl 2.1 AoUsenausie Sn 2 exmaul wag O 4 a¥nay Lag
11585197 UsEALTENIN90EARLLUULAILAUIVS OUUUNATE BN TOU FalA1AINvaelATINGN

Useaad a = b = 4.43 Uay ¢ = 3.72 daanseu (Wuasnadnlvda n-type NiLaunaaeuy

Ao9MUUTEUIU 3.8 eV

5Ufi 2.1 Tassa319994Sn0,

AN5199 2.1 duUfvasa1sUsEnau Sno,

AUURVDIANT SnO,
walaana (g/mol) 150.6888
1A59a519 wnszlnuea
AUAUILLUY (X107 kg/cm?) 6.55
a0y ENIGE
a Y12
qaudton (°0) 2,000
qavasuman (°C) 1,625




Sn0O, WU semiconductive oxide 9 Dol iy gas sensitive resistor IngUnfilu
21117 SnO, fnsluihusesfivanntusied reducing gas U H, , CO uagluiana
Bun3d 3 dusnsatautansilwasenunludaunndeuls ﬂalﬂsuaﬂmimammuwumum
MnMsasuulamesianuimynuazannilitfies Sno, Wegniuufainag Tu
aInALiaeen@iaugnanduuuRivesiinsIviavinlinisiluiana dlodudatuudaid

4 (23

antAduidmdiagu  H, Shdufaazviujiserdueen@auuuRvibinsilwiifugy
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FauUinuve R itLAaTe aveuiiniswasuusinansilnihvesnsaiausa

2.2 iounlumsuau (Carbon nanotube; CNT) [9]

viounlua1Fusu (Carbon nanotube; CNT) Ae Taanavesausudisinisizoafiu
Huduen war 30229 ndlouriavunnia leflduruaudnatsifesnin 11 100,000
WURWNAS (Wouni1 100 WIluuns)

vieuluasusugnAunulag Prof. Sumio lijima [4] #uAs1e9 Fullerene chainud
Fdaaning mqumam‘wlmmﬂmimsmvxlaLaaiiumﬂﬂiymumsmmaaLaﬂmau (electron
arc discharge) mma@wmﬂwmsﬂmasmh Jwduenig viee sunudunguilulaseadig
wuunslwiiueynievuieuTusasvieuilu fwiourluiidunuaiausntu Ao Hesdinuils
wangta (multi-walled CNT; MWNT) m'amﬁmsé’almw3‘1/‘1LLasﬁﬂﬁmsu’%qwéuwémma%
mmﬁawﬁﬁaﬂﬁimmﬂ;ﬂaﬂ sauvaiinsamdurieunlunetudon (single-walled CNT;
SWNT) ieagluguvasnsiluls aziduden fanamunuiu 2.267 ndusegnuiafisufiuns 99
WaONWAa 3550 ° C fiannudiu 10 atm ANABUWAT 4027 ° C VUIALFURIUAUENAIS viBU
Tuasueuntafien 1 uilusmsvioulumdveusiivanstu 2-100 urluns figui 2.2

Wusgneiinsruiudn s Wudsdifanuudansann selasmisneauiiiannnis
FourasyninaiuszoterneuaIsUaURiafundseg1sad uivouTuaisueuduie
nsenszuenidvueluszAuuly Taevihluusznouse wiuvesns i (graphene) shurfueg
6‘3@LLmﬂﬁmﬁulﬂmmé’nwmwaqgﬂiw YU @IUUTENBU LA dUUANILAL LAT 9519989710
wilupsuouilanuudusinimesuaznsali Wesan Wusyssninsezmeuasuauiien
ios 0.1 uluwns @undunes) Tnslassadreweansilalviidu ansueu 1 sxneudouiusy
fuarsvouameznenluszuIuisrfuLasSnniavuszarluaduszuudaly uwaiuse

senInszuvlindasanninuaziadaulmle
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5UN 2.2 Tassadrsiuusineguasviaunlunisuau [10]

dnwazmaadivesifeunluanfueudaldinduarsidos uivaevieddnvaziviou
yaaeuazhwonsiufAtewn dauauannsalunisit iy veuluafuoud
anuaansalunsiliindndmesuns sautsaansavanyasediinaseuainUanevesriow
Tumsueuluanzaganeld Wensegluaualyihildmdndrinii ilsflaudmiduls
Fransniainiiuarlans

wadiamsdaaesiviounluaivou annsavhlivareistuegfuanifvasiouly
AsUBLlIIFeINTg Fennfintsanameumaiinsdaasiazutdldidu aszusumsild

g flaauazamungiuiunarwsenisaniaisuniaail (chemical vapor deposition; CVD)

9 Y

d! = L s

Fafle Wisuiflaunszuiunsdaasgiing 2 35 asnut vieuluasueuiidansesildagd
dudevu tufife lassaiedugiuvosaniueu fussizedivasnde uazeunasziuLn
Tuvasunslyld WWudu urinsdansgimnegamglgnduisily vieuludfivsUssinnides oo
uluntistuider vie vieuTlunimaetu 100 %) uaz aunsaeuAsUUIAELRLUINAS
vosvioululd wianusodansiziluuiinuiies Tasnssuiunsildaungigsesldinaia
n1389n78La19035 (Laser ablation) tnallan1slgkas (solar method) wag watian1sdanae
SLannsouU (electron arc discharge) @1u3sn1sAlnaTunIaall azuuInunIsLenuLia
lalasiauanusuuasisniswseulanedusau)ise
Tuagtuveunluaisuandinishuiwamuiiasldnuiuegransnangluiiumigg
afiu Tunenswnng wwidaiididey fe nsuireuiluasveudnlululassadiasesu
wad tude annsaliidulnavlunsnnain vie THWavwaEnun dmiulanddesans
y3oluiana (Ultrasmall Pipette) ingueadiiimane uddesduagfudnsanvesounly

1w

Arsuaulunistuatsuazlanlasssndigeivizitdinuny (Targeted Drug Delivery) d@au

Y
1

nanudme dnidwnldlumenms Wy deinigiunsegu daimunlvegludnuvueiduly

=Y

Feu ve nIzngagludulelndiwes niudimalnsiind MndnvaeveinisinuTou
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NIDIDAINLUULUU (flat panel display) Tu light emitting diodes (LED) LUALAD3VDY
Insdwnilefiouazaouinnesuuulinde waduasonfing aunsalifulalasiou nsdunis
nampsewsieasEinani Wy Voltammetry sudailuldlunsamansiailunssuaunis
solid-phase extraction taaldiludanduniaail saudanisnsiainaisiaiinuy
chromatography 1 Tun1sldauaiureinisnsiainluanemuzaey electrochemical 999
1384 High performance liquid chromatography (HPLC) s luvasdenfuiieviewilu
A§uBuEluzUraaNTANath (semiconducton) axamTaiUAsuLUAIR A UMlAFTY
ylfsmeesinlanntu uiiifedee liaunsousnsinvesufadifeududusilfuas
filamenauAsuutasaamzuanden i Anutu gamndl wagenuSuAadiariiu vl

PINANENNTOUVDLULTDTANAT

2.3 wawlaanly (Eggshell membrane; ESM) [10]
lugnyieviuseiUdeniidimumunyszanm 0.2-0.4 fadung dvesiUdenlvazunnsing

i Fuiurlauazareiiuduesdnidn lnemalulalnedidendvdes ludaezdidvn wazly

1 =

unazdyauuienly aelulisziigedenlinvuliunsiaglivitegnisluy Wenaiis

[l ‘dl A ¥

wWaenlivesdniUnlaeialuusenaunie 2 dundng fe daumduldenls way e

9
o

aelu fegun 2.3 Tneeildenlisenausiedetuluy Weduuen  Tveseonadusuen

k% 1 (3

fl3edesiunisunsveaiiogdunsdiingwad TassasnadulvgvonddenlyvesdniUnidu

Y
v

HANLARLTEUATSUBLLA (98.2 % vesmiindenly) wuniifsunisuawiun (0.9%) Nvide
[J ! ! 3 a 901 = 2/ ! dy ! a v &

Duwseeene sauislusiusasin Fadassasianaiil e1avsuanaslunusiinvesdniln
(m157971 1) drudoriunieludenlefiosdusznevaiulugdulusfudssanm 69.2 % lasiu

2.7% duimdedilngdulnalalusiu siuvisdeiinnfiue 3 7 way 8 ogane

wonldonly a g
ilaanly

JUN 2.3 Waenluuazideviunieludenly



A15199 2.2 aspUsznaumaaivaalaanla

L35 % (Ingtimiin)
Waenlala | wWaenlulde | wWaenluunnsem
CaCOs, 99.0 96.5 97.3
S 0.1 1.2 0.4
Mg 0.5 0.1 1.0
P 0.2 0.5 1.1
K - 0.0839 -

2.4 walan1swsauRuaantaa
2.4.1 3n1slwataa (Sol-gel method) [5]
nsrUINNIseseNaIswuLlea-1aa (sol-gel) Wunssuluniswssna1sidaaiuuy

d Yo a 1 o 3 A Ao a a a [
\Wan (Wet process) losunautiousgiein LD AUANLUTZENTNINNADUUNES

Tunsndandununduszd@nsnin venainideamnsadnludaudas Ussyndldeanlunis

duasziildvainuanezuuuy wu nmsudndutanwiinlasnsiilinanadumauazily

= - — v A

Tinnusou, msnasluiiduuinedoudaTas lnenisquiagisesnisiedevasiulea aniu
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[
a6 =

iUl uSauaunana duliuiduntianurunwduanty (Dense film), nsuaadudule

w37din (Ceramic fiber) Ingnisfsganeldnnizifiaumgiigs vie mswdadusuniavuin

Y

LANUAZALLELD

e lunssuiunsinleaas A NNSasUanIULIINTeaIIBeNI “laa” @9

2 v A

agluzUresmananadieyntrvuain Wuasidudiiuudaduiuifianuvilags asenin
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198”7 Fan1smseNaIsaransleaaadztdun1smsnansiassniIseaznulmdnnulagls
LASRINUANSNS U lANS U N sl a suandtaz S usnuduansdrludndaanis
Fesansavarelwaail dvuneuluniswisuarsnligenn auisailussuunlaldssuu

eyINAle anunsaAuAnUSINaMIsReasLagldRuuiliewsansteuTesaviinaila

| '
o =

q
hansieseulmiuasniuluniswionfiduusofiiu Msvyuedeu n1sgundeu uaz

| 4 & v & O v o Y. d v
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Solution
of precursors

Spray, dip. o spin coat_~
s

sotse_ .

o

Dense ceramic

-
(-]
P2 o )

Coated subsirate
l
NSNS N NN

Dense thin film

JUN 2.4 BmsiwTeuansazatefiedsansazaneleaiaa [5]

2.4.2 33nslalasiwesuea (Hydrothermal method) [5]

Bmslelaswesueailunszurunsiiisadesiunisiiauseunnditufisendu
a1sdmanlaveeenlentansenlynvsentlansytindugiegluguuuuvesasuuiuassvie
arsaras laenshiusiusargamgi Nasdnszuaunisilagilildasiiluneivsen
11 (Anhydrous powders) danwagrsutralaanuidufitay uenainiu nanladsdvuin

3 v = wva o = v o = a £
aunadntuszavuily, Jaudfanies, dnsnseangdiveseyniates, dauusgnsys,

I3 = a 4 = < X o o Aaa = Y aa s g o
WUNANTWAYD LaZHANUUULUBLALINUNIUALNA ﬂ']iLGﬁEJlIﬂ'J?J'Jﬁl‘ﬂiﬂﬁlm@ﬁll@ﬁuu@"lﬂﬂ

a

n1siiandnvesansiadnigliussiunazaungivesarsazatengalaeniluazldgung

Y

Uszanay 100 - 350 eamwalfivd Melausanuiie1agde 15 MPa NT8UIUNNTAING1IT01

o a Y = @ A o v PN ! v
Marmssunelundeiisonle (Autoclave) NNMIUIIINTAANFUITONUNTUABLINAULAS

s
a a

a Yo PN As' a % a = &
@m‘mﬂuaﬂ‘l@@lﬂz‘ﬂm 2.5 N\‘I‘V]UﬁﬂVIﬁLLagll@‘léﬂqﬂmu’]ﬂLaﬂ‘Wﬂ’]ﬂ%u@aqﬂiqﬁﬂ LmiEJlIGUUN'WVLgﬂWEJ

q vy F/

A dou v &

anzildoradunuunisiinesndindunsesandunls wasiidrAgeuniailaaziundn
A A Ao & v oA - oA o
Fadeanlddnduseadinsmmvseundesdnase

Slainless sleel
lid

Water
{or ather solvent)

/ Solid reagents
Stainless-steel shell

Uil 2.5 dnwnzvawdiatlednle (Autoclave) [5]
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2.4.3 JnM1Ianaznau (Precipitation method) [5]

nsanaznau (Precipitation) Wuwmaliadaadvssinnusunainsiziuuuden
(Quantitative analysis) Usgianuilsfisiunununazgninluldlunisinieuaisusznevves
indetunidyiingneg laegsunnuneg

msnnazneu Ae msvililuianavislossufiegluasazatsiinnisuendieenun
na1sazas lnensivaisaiiiiieondn filianavneu (Precipitant) og13dq Tu
Unaufimnzay nalnafiddy Ao nisiiniaedea (Nucleation) wagmaidulavesluiana
ﬁalaaaummmmﬂamJaaaﬂ,umsazmsJImstSLﬂWLLuuagujuuﬁuﬂaquaumaqa‘qmﬂ
szmon annsavilinalnanisiivinvesssuudsusdadls uenvninisiiviavesnznou

AULUILNUTEINENME anT N sRulawandeiuduanrgdidnfivinlingneuiilalisusis

Y

' [
v a =< 1

Guuuuueulelemsed (Anisotropy) ansaraneiifisyfuanudusuuudseiniingsdu dea
Tsnsnainduedeaiintuny synianznauivunadnas vie e1aagvililessuiimun
Annsanazneusg1enaEd Maiustisisaimnnaznouadlulumsarangluymnaiiun
Auluendssalingnouiifntunduiugansazanelitnads nurislurmedivhmadudiane
Ssmsanazneuaslulumsavangazdesnesniuasazatogsaiate slinisnnpzneu
Hulvegnadng waginds Sweeilildngnouifivunnlng desenisnses wininifanis
anpznouiniuinaull erilluananielessuvesarsuantasutzdudnluluide
pzneuLLuaTs demalinznaudldlivians veddsududouiutuneunisdosnzneu
Wlusn (Digestion) Tnsanunsarilalaemslirudounnansazareudrsainnzneutuan
Tl Frevuailngnindu nsmusunisinazneuansaildles msmuaufaLUsineg
U AIUANIATINITHANAUUBIAITAEA ATUANANMYNUBIATALA1Y AUTUTUTDY
d13araty A1fLe(pH) SasnskanfukaznIuasasareliidiu lunsannznoudy
Sududesiisansazarsiolidranamis eldnisnnaznoudiluegsauysaiuiniian
ynndsonaldiaaniies 510 Wit wieviensdoraunuf 24 $alus udaurvievesufATend
Antundsanyhnisanagnaundiunningdesdinssuiunmsgesnenou msdnemznau wio
Tuunedenadosiimannazneusndnads widawinisnses adalumannagnaugnuuld
Tunswieueuniavesansusznousenladiuegiiniien iesanaunsaviloyniai

AIUTANGas warldeuniaruindn
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2.5 msduaszilagldaaululasianegae (Microwave-assisted Synthesis)

Lulasnvunduwimanlnin (Electromagnetic wave) fanwagaaiunduineunil

A

AudauUndT fagui 2.6 Tulasianegluguveandsnu (energy) Wogniudeuluniusou

Y

(%
L) Y

lnen1sauaziiowvedeyn1Aniivse e svyumveduananiivs yilvsuiveyniavse

, .a
Tuanafieginadss ndsnifmglasurdunaziinisgadundsanudanan WunaliAnam
$ou uag Senuuandrsannslianufounuulenianssiinufeunuulendiatu Hinan
Asumunszualylin (electrical resistance) vosTanuazivdsudunmdoulngnss
ssuumsvhoreamlulasioniy laddyuonnlalasiam fe fufindnseu 7
wdusasundsuliduedulilasim Tnessuunisvinu fe adulilasomazysann
nniianislagsouvasnisiuly udnduauigeazlunsenuluanadiedie Weadu

Lulasnnlunsgnuiudiegns svdwaliluanavesininnisduasiiiounasvuluanadug

salUauiadundsnuaal waz wasulatfaznatadundsunnusau

THE ELECTROMAGNETIC SPECTRUM

1w o ! 1 got  witye? | gt V) 10 et ot o't Taol?
aweniuing : 2 . 3 2
(wma) o A Ko & —
criger - . ] =} W [ sherter
E= o s¥o gy This Fecirt @ ing e
s::“: % sandut Cal AR Prokein  Waber Melecue
Common e 1 - -
mamaoms | [ T iardt xrayBP
Radlo waves — Infrared = - ‘
i *soft” Xra mwa ra
S Microwaves . « L
Y i - -
1 | % = ; 2 ol
wesnerindafios : N m; & ' EE;" P ’Q?
= u Micronwies e Pk JG s
£ Radar bt Bt The IS e
AMRadio  FM Radlo " o s \Rap " Girures
pavnnsand L Va8 i . .
107 0k 105 g LA 10 e Y 0% 10 *0dadF 107 105,10" ot
Energyof 1 Figher
@ne phaton
(ectrgpiolt) 107 10 1A 108 SIok WO S0 105 Y | 100wt el it By 10f

g‘dﬁ 2.6 wauanasueausimaniuiia [14]

funsisevasadululasiavidedag

1.nm3azvieundu (Reflection) Adululasiniflolunsznufunvuesiilulavevded
drunauvoslave adululasiwlianansanzarunivugfnadld uizaziioundunua
fedu Tanmauildlunwueiiiulavedsiiinaudou

2.1M5d9W U (Transmission) AdululasanaIsangaiIuA1vUEAinFIouA
nseanw Lol widnuagnatadnld imszaivugdinanlifdunauvedany Judunwusd

Talamtumlalasin
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3.1139034 (Absorption) lagunAdanlaeig luavuseneumeluanavesinludan
Frazgadunaululasn vinbiianSeusdesansa wazdndenis Welmanavesgaduaiiu
lulasinudrvzaanadaluriuil vnlildfnnsazeay

a 4 =
nalnn1sifinauiauiesanlulasian

o [

Ao = = val a a o Y a [
GD']ﬂﬂ’]i%’)ﬁ]q%@‘ﬁUWﬁN’]u%ﬂﬂiL’JW Luaqmﬂuammlmmaﬂmm A lAAANGI9Y

v A

Auseutungluian lnedisnenuin msiemuseunsluingndudaduedululasiviuy

q

(%
[

fauvmunannaln 2 Uszns Tiun mevsuvesansuszneudifitn (dipole-rotation) wag N3
indouiivesloosuileagluaunsli (onicpolarization)

1.ﬂﬁ3%gumaqaﬂsﬂizﬂauﬁﬁ°§a (dipole-rotation)

Tufanusznaudeifidiuiinauandeiu dudulianaida (polar molecule) Fily
anmunfazFesiiodndliifussideu (random orientation) Wlesiuauslwiinssuaady
il UssagmﬂLLazauiuImLaqa%muﬁ’uﬁaLﬂﬁauﬁﬁ‘mNmuﬁﬂsﬂaqaumh\lﬁwaé’uﬁuq
Tnensmusndulvinaninegasnidnumisilulasion 2450 fudiuasaseiunit vhls
Aneufeudunaznszaisludluanadiudes iewnannisvusenitluanavesi T
dunasluanafiogluanuzvasuds wu thudsdu lwanavesihagninfniulassasneis
dnwazionnzyeamanuayliannsavyusiesnnnefiazsuiulianadug egiiufes il
liAnanusoutulduarludmnastuanaiiegluaniuzufaniole axiluanadafes
$uautesuinasrufuauauisavilfifeansfouldivudu lnssunsiservinid
ey Tian

2 maiadeuivadlessu leegluausiluii (onicpolarization)

anelumnlulasnvaziaunsaifiiondt wunilnsou (magnetron) Avimtindiains
aunilwihnssuaadu Ssauuliihazgnasiseenaludnuay 3 irmis Ae vugans 41sgdna
uaz wihgnds Weeymafiiuszlutanduiatuadululasim axvinliiAansduuazindoud
Jufnnsru wie dendtusuniafiegdrades WunaliAnausoudulutasiu ddasvily
fagazdesdusznouiidudou Tusumtuazindofiazatelfunnd sty 1wy leideu
Tudadon ude waadounaslsd deluianamariazunnialilesauuan (cations) uag

[y

leaauau (anions) Ay aun1ANNUsERIsaInsanvelounsiseniu auuliiilag s3umns

1%
vV =

awnuliihignasuluelulasiviaubieiu

Uadeninasianislina1usaunlelulasian

'
[

Tadeninadenislianuoumelulasivasiiertesiussuululasinuag ngign
liseudy Yadenane vesaansnussyeglunvugnldiumlulasiam lawn
Laaumgiisuduvemandu Wednglasuaiiuiouainlulasiin nsiiuduves

gaungiiazduiuiadenieg MinerdivTanuaisedns lnsgamglisuduvesianiu Wulede
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afglunisnmuunsanstaziiailunisiininuieu lneialutu nszuaunisliaiuieoulu

gounTFuAUDIas Tngavdedeuitvu druladudAgdug Ninaneguugiinels fs nns

9 9

a [

Anauiouluinguinageidudaiululasion Wesnnalaiae st vudannaaua iy
ANSOUITNITALoRNtUTIAIUA19Y TosNNaTRINISInvIU Tnen1siausouLay

ARATUBE19RBLEHDY BV lmARANLSaUTURE195IAST WalsuiuAsnsIiAUSDULUULAY

[

2.0 e liingSeudy dngilvunmilouiuasSoutuagaiiausasvun

19 A

YosuTandnnindesnndsnutieanitingndvunalvanid

9

[y [y

3. sUuavdnuazduguvesing neingnisusliadaneeadewinisliaig

s

¥

auinniuly dwingnidnyagldwuasivuldunsintuvesninu Seuaiiauouinnii

[ A

mofyuLaNVTEUNAILNUILAT U agslsinuTngnInaunseR A didnvauzadne

7159N3UD1LHAIUATINANNSTDUNINUTIUDUY win1shimusauuniulyu a1 sadunn
1o

| = <, AT o o | Lo &, X a o av

4. pununiduvsen ey dngaulngdnianuduledaaiunly

adaueddmansynusioTngnvinisentu Inaanizeg1dalunisivmiuseustisaiaye

[y

mnniAurEkuunIRwnlinnasldalunsliauseunnnitingntesausenaui
Uauazidugngu

5.anusoudunig Wuauifnuguninadenishiniiudou deruveaninugainy
Joud e Ao USinauanuieuivilvinguia 1 Alansu Jouniiiiudu 1 asrwadea
v & 2 ¥ cs' £ v v ' v & <
AaiudsInunuiounagdeddlunslvauseunningmelulasaniuazduraunainug
YBIAUTOULH I

6.81U5£ANTNITUIAIUIDU MINABINITILNAANIIZAIST AN OUTMUNL AL J9

[

¥ U a g ° ¥ 1 o i o
ndusivansudulszdandsnisihanuiourewiazesdusenauresingiiduusgy 910013

Muvesiaingilasunnusoumnnfiuly winseluiuingiududuey e1ainainnstiaay

a1 L

Foununiiuluserivesingdaiiarduuszansnisiianuioust lngdnsinislianudaud

£ °

wiangausesiniuld AuAmdulsednsnisiiauiouresing

Yafvasismslalasian

1 Wantos Usendaofiuazussa ansuautaniide esngunsalvhadu
Tngflisndudonndoud

2.N15M¥aNaIvRINauY (Energy penetration) lulasivlanunsanzaneaindnly

9
o
Y

Afandanuaiusounisluing Mildanuieuinisnsgaredainaueniieneuinglu

vaugnsiianuiounuudug aglvanuseuniivesing feenanelitinaiudenienig

'
Y]

auuen wmzlaamginaguiuly luraeingluvesingdlasuainusoulainife Fedlv

'
a (% 6 (%

nandaanuuldlanunmmunaenis uenanduddldnaiuiumin msedvednfianiwi
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auanansolunstemanufeu fufunsihanudeusendinululasnniddiaanim
WA U9 TAN I

3mmmmsa°lumiLﬁaﬂﬁ%@m%’uwé’qmuhimnWmalui’mq (Selective energy
absorption) Jnquisriiaanunsagadunasnulululasianlaviui uiinguissialiauisage
Fundsenld autfmarid WWudelfiuisudnuisUsznisveanszuaunislulasion foen
U ansnsalvaudeuniingiiusseiivieldleaglivinaneiiuvie

4.015AIUANTTUY a@usariliAuazsings lnesssuwiivenistn-Ua a1u1sn
Wasuwlasszdunsviaufeuseiuiiviula igsusvinsmugumdsnulutisuieen
vasunasinile Milvszuviivssaninmuazianuuduaulunisaiuaunisiiausou
gunsallvinnuseunuuim wu nevauiounselui desldhnatnnlunisuugaumgil u
wnlilasnanansaUugamgiiseszuudidnnsednddsldnaniosn

5l mvesingity Waisufussuumslivienufeunuuia osmnsedu
msvhesouiigariiatuiifnuesan wileufliaduszuumshauiouluuiia

6.UAUNIIAANANTENUNINEN WAz ATy AFeINslE TnsusnAuFATen
maailuaznisnmazgnissliiAatuanauiouiiadsdheiBmad ldund UAsenanes
&1 (Puffing) n1suasuazaly (Melting) n15Ra 1% lUsAuUdsuananlu (Protine
denaturation) n137utletAntaanfiluiedu (Strach Gelatinization) n3e UjATenuqi
AU

7.U58dn30 Mg (High efficiency) n1svianueusniglulasivldndeaudesnin
mMshanufeunuuii Wefsuiunsiauiiuanuieunigluingiiviniu (Msviau
Younuuiindiuszansamlagsanuszana 10-30 % luvaigiingvinanadeuselulasiond
Usransnnlngsaussann 60-70 %) Tnensvhnudousie®s ndsnuanauiuudivgn
nifhasgnutaslnenss ileviliinguinausoutu Inelifnmsgadelusuena adses
91 anewuddswEedudug vessruy Suarilugnisuszndandany

8lulasinidunssuiunisfiazenn (Clean Processing) nszuaun1snislulasianly

#5900 AININNTEUIUNTIALS DU UUBUY dasltanaslun s lng
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2.6 fng1dauis [3]
e sazudiudAgdmsussuunisauguneBiannselindaunsouanina
20NUNUNIINBUAUDIVRIUTTAMANNAVIYWENUBNIINITANIA LaBw dula aundu

NTANTALAZNISUDWIY 15197199l UTURTIBINNITduNansolasudunaulaensslu

USuauiuniAiudaandanstanieazsuls wuwesazaiuisananaiuniedidnnsetndnln

PN v ]

ATIAUNTMDUALBIUD9319118 Be19lsinIy 81908171691 NsauILTULEslATing
9 I3 a & A cdg Yo & aa |
W ndugunsallulasdidnnsetindniidyaanlufdneast1aunn lnglanignsnouaues
i ~ ° Aa = vk
measall nsvilulasiWuniinnulilunisnevaussdeslanvu

Ty aAdnealundiannsedndvesdiasiadumaniizaazaiunsadsanazlindu
YosdeliidIn Dawdudlussuuiinerdalssuugianiu way nsiausununglea n1sin
AU UYRIATANLaEN1TAIUANUSINATdR gAY NABIEY TN zuNUNYTeR TR
FEUUNNTRINe el aulufianazlamnsiaduiinisnevaueswaznsuenuezia ae1alsh
au adlastaine nansalufnsiadunaeiivasnisdine 1 fiauisausnuezasuay
nsneuaueIfifmuilsuszuuiine ity lasunisensu Tudrmesseidiuanladnig
Anwnifeiueganinewine Baiesuwueesnlasuanuiisn loun nglaawuwes Wewin
a313ledne 31m1gn Auamsaldudaiale welvinisnevausiid daugndes uagdinis

wansnatdudaunIneaiod1gnenisiienu

o o o g v ¢

2.7 Amsdanfanleiueenlyn [3]

g1snemuIueenleanigiaues Buas1ulul a.a.1968lnuigasulinilasy
W ialtlun1snsiadianie LPG Tuniaireun lndniswauiienazlelunisnsiadunig
wInduUMIY WL A1gAsusuLauaanlan(CO) waangea(C,HOH) lalasiaudalwa(H,S) uay
falalasian(H,) [Wudu

pudnsaninanil ladnsAinewegnasdeaivruunnsavewiindanansnadaui
A o [y 2 e - oA A | N 5o s a o & A
R lUlglunsasradufwwuges nuin diesivesnlonniviwuiwesydatfeLniitun
aunsansduineanvieleldesasudlad saunensnsTuieTiindue

wsnisuiuesnlaalilasuniseeusuingais Wesannautfvesiueenles Wy AN
Llunsnsirduineigungiivies anuduniglun1snsiaduinguasnareinuy vivli
ANNUIetiavasgulgeTanas e NwewYeiNg gdelaniugnAeweIn1Tin
wavAulasndedainsnteuywd dedu Jsnisimuiveenledniotouludieg wag

a wa ° va ¢ wa a a

Wasuwlasautfvrausenisausinliiueenlondaudfnmuizay way daulilunis
n5235uRelaST Favuneninuin Aueenlesiawuwesaiunsansiaduined Jusunauves

A15NHANULIUTUR LS
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2.8 NANNI5AIAIALAFVDIRINTIIARA v RAF15NeAN L anzeanlayn
ansnasinlanzeenledlneidluutseandu 2 Useian laun ansiesainlany
sanleaviladu (n-type) lneazdididinaseu (electron) WWudsyamive wazansnsdiatlany

sonlesviiail (p-type) azdilaa (hole) Wuuszygnme Fanalnlunisasiaduufasslidnuae

wesnanuly Wy Feseanlesiduansnediuilaneesnlonuindu aziidiannsauldulsy

o

W dunsueseanlamiluasiaiilanzeenleduiadl seilloadulssgnive Weoans
Awtlavzesnlys Weansiwilansesnlenduiaiuoinie luanavesuideandiauay
o [ U a d'a v LY Y] &Y a I~ a
gnandu (absorbed) Inunsduiudianaseunininvesiviauiafiadusandauloounas
< 3 3 . Aa g LY & 1 Y a gj
naneiutusenlyn (oxide layer) U199 IRInveIRIIAuia dwalmintulaenusenive
(depletion layer) 5 Aakandtunin 2.7() welluAseninaduazduegivoumngdl nin
qm‘wqﬁﬁﬂuLaqaﬁuaqLLﬁ"aaaﬂ%Lﬁ]u%%’Uﬁ’UﬁLﬁﬂmauﬂmaL?JuIMLaqaﬁuauLﬁ”aaaﬂ%Lﬁ]u (O
2.ads) muﬂﬁﬁ%&lﬂuaumiﬁ 4, mnqmmﬁqﬁumm’h 250 pIALYALTUE IuLaqaﬂJaﬂLLﬁ”a
a dl' U a @ d'q LYY &V a I a b & 2-
PONTLAULALIEIDIUDANATOUNRIVIRIALAR Iz AT ueanTaUleau(O ) %38 (07 .y)
muuiserluaunisi 2.3 21nUfAsen dendravitlianudumuliinvesdiinuiagdu
Hesanagdsdidnaseulyainia lunenduiu nsdansidainlanzeonledviiail wu
aateseanlyanilaailudszgwing arwduniuliiivesdiiiauiaszanaiionnin

goydedianasou

0,(gasi+e € O,

2,ads

(2.1)
1 ) ¢
—0O,(gasl+e <> 0O _, (2.2)
2
1 J A
—0,(gas)}+2e <>0O_ (2.3)
2

diethdriauialuasiadawiatmune wiadmuneasyiufizendutuesnleaniie
nluanasendiaulessursesandiaulossuuuiivesivinianna1iun U§azenenan

eAnTule 2 wuu Ao vinlianusunuliinanasvrsevinlvanua uulnd ALY 9t

[y a (2%

Yusgiuriavaadaidiuennsain Inemillazdnunuiavuneesandu 2 Uszinn fe

¢
Y
=
3

wAasAndu (reduction gas) 819 lalasiau (hydrogen,H,) taniusa (ethanol,C,HsOH)

wauluile (ammonia, NH; ) waza1suaulauantyn (Carbon monoxide, CO) Usetnniiaas

Ao uwhdeondiadu (oxidation gas) lAun e9n@1au (Oxygen,0,) lulnsiaulaoanlaa
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(nitrogen dioxide, NO,) Talau (Ozone, O5) Lazdaoslavonlan (Sulphur dioxide, SO,)

s
: (a)
Zn0O nanoparticle
. . o
o ___.O ._/0 ! s AP -
o 4 . o
1
o i o
——— |
o e o
1 A
N y 1
& . AR,
— > I VW o
Depletion layer e/i\ Conducting channel
Potential barrier high
b)
Zn0O nanoparticle (AW |

c e co,
F Y - R
.\\\ p y O
)e' e
} \ /1% Y
Q y AR O

1

1

1

| 4

co oOf co Vg C"co

H |
:

1

1

1

1

Depletion layer e /:\ Conducting channel

Potential barrier high

JUN 2.7 aouzinurivasiddauiianinainaineyniaunludedeanten (a) Tuaanaund

(b) nésufigarsuautauanlandvinu)isen [7]
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A
g
N
&
| inair A7
Rair
3 ] & D -+
5 |Si3 | £
B |e! & % =
g |32 g5
o 3 Q1 E
i ?
C AR=|R,;Rp|
' -
Time
S
—
| g
o P 2 & § =
= = = N A
S A DV 19 AP
- gy g = i S
(& = g— i3
2 5 | ¥
A ; D X
Raif ; - h .‘ B \.-—_
inair 'MmCOgas inarr

Time

JUN 2.8 nvanusumulindiguiunaivesitiaufaasneiailanzeanlan

(a) vHadu (b) ¥HaN NoukaznaInsIatawAaarsuaunauantaa [7]

[
=

<@ P v} 6V 3 Y] a d! LY o o’d‘ v
ziulaI nalnnsnsianiaty Jusgnurinuesaisnesunlansaanluny kbl

Y

v v Y 1 s

miauazyiinvesiadmunenyinnisnsate Megrudu driaufavinaineyniaulluded
sy ¥ & =% o o a < A o o & a & ! v a1
sonlganldiluarsieilansvliagu Wedinuiayiaiogeinianiumiuniuaziial

897U Lfeandeilnililh (conduction channel) wAuas dennnesiuasEIveIdnglnii
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5¥N3198YN1A (potential barrier high) Nkansluniny 2.7 (@) Woeuilunsiainufia

asvaunauanlendaluufadivuie ufanrsusuususnledazriuiisordveendiau

s

losawiaufanisuaulasenled (CO,) 1nUfATeNY oanTiaulossuarlidianaseufuun

'
[ aaa !

Hvessunaunlugadesnlen AwfATend (2.4) uay (2.5) dwalvitulasnninzuauas e

na18nuladn desilninnine@y daanslunini 2.7 (b) mnddainuianysefiugain
ansnailanzeanlenviineu lesniaduniaeandintu wu wideendiauasnuii an
Audunuliihneldussenavesuiigeandiauiiai gy Wesnnuiaenauluuia

ONTATUTIRL ARSIt LR ULAaASUsUN U BN AT LT ULAASANTY

CO,_, . +0_, <> CO,+e (2.4)
CO,, +O., €>CO+2e (2.5)

TunsdiiinufiaiiussRvganaisisdininilanzeanleduini Falleaduuszqmine

gnudn Weiluasaadndufirwaisuenneunenledaiuduniulniiasa@y leswn

aaa LY 123

ponTLaussiisenfuuianisusuusuesnleduazlvdidnnsouuluniiivesaisiaiai

a a1

Tavzeonlesviail dwaliuszgnmziieinias Wefleuiuinudidnaseudiu A1ru

(% '
= = o o

auniuliidagelunuanaliluniw 2.8 (b) nginssuifintusgasiiududuansnedaui

Y

Tavzaanlaardaldu Lazuintimdaniansiiainaisnasitilangeonlensiailunsiain
Jundaeen@wdu Arpnuunulniinigldussonniaveuiaean@aduazsiiat sl
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2.9 dnswandsnanan1snsvIawAE [7]

2.9.1 NSNAAMULUTUVDIRAATINNNE
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WU AIAINITAUAIEEAEITY esan luanaveseenduiinisiniziianindy
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pandvauleaaulaunn Tun1anduiu 1eANUNTUYRLAEUINTY ANIAINISABUAUDIALEY
A

2.9.2 aNdWAVDIUUNY

gaungiindwaneaudivein1snsiaiauia Ae guuiidsinneuvisegunginly

1%
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luvrgnaaes lagnudn Ngaungiian maniwhilAdesuazaziiaigu Wegungiilunis
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:)E

warsUiLarduguvesiagildiusrinufawasvunvesagiltilusinuia dedema
Aogumgiifivanzandne

2.9.3 YuALazzUIveelEnAIngIadauis

U9 (dimension, D) uar§U1984 (shape) Sanaiaufaiduiiadoddaminiidos
Ailsfwuavesianiiliiduiioufateudiusuuunnduiuaanllunsn s iaufa
Faduusiuaauenesuie (Debye lensth, L) auaunsd (2.6) dlemnuerunasue
e swozarwiniiauulnihainanmsaounsiudluludeYagdassanm 5 uilu
wAs na1ade mnvuinvestaniliiduifnufadvuielug duasvirldaannlalung
anaiaufaanas vnvuievesianiltifuiiaufadandnasaulndlfesmasainvesan
srupeiune (D52L,) manwhilunsnsadaudassiututazaanmilunsasioiouia
Wwgituegaani devunvestanfiliidudataufadduitunietiosnitaesviivasd
ANNENILABSUY (D=2L,) é’qgﬂﬁ 2.9

ekp

Ld — qzn (2.6)

i & ¢
WD Ly AD AITUYILABDIUNEY

€ o annzgaumslnihvesgaaine
ks Ao mpsivasludsiul

T fie gaunigil

q Ao Uszglwihvesdidnnseu

n Ao mmwmuﬂmaa&ﬁﬂmau

D~2L, D>2L, D>>2L,
: : 210
14 & : Z
12{ @rets? Epoe '180%'
?Nlo. 5 -150.5
g s g -1zo§_
oL ' gl
3 44 E : F60 ~,
< ref. 3. : ' o
2 t et 52 el 38 -30 ty
0 ] 1o
0 25 S0_75 100 125 150 175 200
Diameter (nm)

JUT 2.9 neuansaduRusIznIneataninlivesiriauiafivvuiavesTaailddy

WIALAE [7]
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2.10 ip3asdienldlun1sinIeuens
2.10.1 130ed9ETUUUALIDEN
Tunuidell [aestiansuuvazideniiianuazidenimetion 4 dunia fegun

2.10

5UM 2.10 1A32909aTUUUALDEN

2.10.2 Asesnudrsazansvinuimannionliainudou (Magnetic stirrer with

hot plate)
Wudasniuaisazatendeulininudeuiiszuumimdnftielunisniuaisazaie @4

Jefpdldsauiu Magnetic bar Ingofiausifgaseninawaiudnyinlin Magnetic bar viguls

[

anunsaUsugamglinaranauiilunisyuseuld IMineamgiiluglvesesriwadea dagy

9 Y
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2.10.3 1ATRMUWIBY (Centrifuge)

& a4 A % v ' < < = D

Juinsesilelduendiegisreuvaisanainvendaayninvuinianuseldivanen
Yaamamangquiiafiianuardingieiuliianisuentu Ingerdenannisisalieynina

AnAznows I Aeldaunuvesuswmsmiaudnans

;;‘Uﬁ?i 202 Lﬂ'%laamgum%m (Centrifuge)

2.10.4 L@ LH1BUNNAH
W dildurisuainudou (Heating Element) fivianndanaumslus (Silicon
Carbide) vefi3eniusislnsun (Grobar) Fsaglvimnusouldfaguvnd 1,538 ssrivaidoa
wiee199yi 1,600 evriwadoawmnilionmaigeinddiulvgwnanfasiussinvnes

dauriingauuniea (High Fire Porcelain)

v sma

SUN 2.13 W HIaundeEs
U 9 Y YU


https://th.wikipedia.org/wiki/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
https://th.wikipedia.org/wiki/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%82%E0%B9%87%E0%B8%87
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2.11 1A39938ATIZRENTALRNIZNG
2.11.1 né’aqqamiﬂﬁ%Lﬁnmamwudaanim (Scanning Electron Microscope;
SEM) [8]

napsganssAmidianaseuluudsInsin \undesdidnasouguuuunilafildlunisfing

NURIUDIFID819 198N15d9981D18NATaUNTIALUTINTNRIVDITUIUBE 19 BLTDY LAITLAY

9 44'

aualudinenin WeddnaseuwindunsiseniudidnaseuszUassdygaesnuliteya

e

Aenfudneasnianenin ssilsznaumandl wie audhisug wu sl Gudu
1389 SEM UsznousaeaiuUszneundng dwielull Lundddsnidadidnnseu

(electron source) #50 Yudadiannsou (electron gun) 2.1audsIud181dnnseau (electron

lenses) 3.7 13139520819 (sample stage) 4.1a3a95uday1as (detector) 599010

(display/data output device) way @ulsznauLldsy (accessory device) Mgn18luLAToY

d
Y
oiwn unadldnndangssnu szuvagyInIa szuuyia iy winanil 1aseq SEM Ads

I [

& ' & A Y] Y  da o’ 2
@Q@%UUWUWUiqﬁ"\HﬂLLiQaUﬂﬁLV]au LA S 'e]gﬂu‘lﬁ@ﬂmﬂlﬁi&ﬂﬂqﬁﬂﬁqﬁ‘r\ﬂﬂauqﬂLL@JL‘VTaﬂ‘Vﬁ@

a

aurulily Tnewn3esdiuluginasiinsessrduginedisdos 1 w3es (asund Lo
Lﬂ'%'aa%’ué*zymwmsum@ﬁﬂmaunaaqﬁ) Lm'mm%gﬂawﬁm%a%’ué’aymunmﬁuqLﬁmﬁu laun
energy-dispersive x-ray spectroscopy (EDS), back-scattered electron (CL) Wag electron
back scatter diffraction (BSE), cathode luminescence (CL) a¥ electron back scatter
diffraction (EBSD) \fuu IneUseAnsnmueuadosdiesiaiiduegiueiauardnuiumes

d‘ [ A & 1
WISy iludIulsENaU

NIZUIUNIILAANINYDY SEM

a

luin309SEM 11291 d1didnnseuazgniaseannun WeldsuaiudouainUuds

a < =

didnasaudengluyusznause Taalnanyianianuudvesisany dngnldlulugs

a &

Sudnmseusznni \losanniiganasumaigefigauaziauduledngaluusialans
s dadusuFagnldlunisudesdidnnsousenin Weldduaudounarusnandiiug
s1a1liunadnene venaniisany asfiannsaUdesdidnaseusenun Weldsumiuiou
wazuenani dedlsaliunadndae uenaniiem ansiiaunsaddesdidnasousenuly
16uA F2mInaiiviinnn waumnif enezuslsd (anthanum hexaboride (LaBg) Ssasnsngn
THluiaios SEM smsgruildvisany fanuudld ff’ﬁzwqmuzmmﬂlﬁgﬂﬁwuﬂﬁasﬁu IGE
Yuvdesdidnnsaunuuauiy (field emission sun (FEG) Faduviinalnmbudildndn
Mawunuuisndusivdesdidnaseu wie wuusend (Schottky) Aildmnusoutie Feld
woslaleeanlen (zirconium oxide) WusiUasediannsou %aimaﬁalﬂﬁwé’aqwuagiuﬁdaq
0.2 -0 keV lsignililiAalasiaudsindidnaseuniamseansdu ielmanidugaididusinu

ALENANNUTERIN 0.4-5 WILLWNAT INUUEBENATOUILHIUUNIANTINE W30 UKWl
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Alureduivediinasou Felaeniluazeglulauddugarineg Fesininddianaseuly
LWIKAY X waz y Wiedsiuasladesnsialufiazuarvuioninvestiuny Weddiannsoulsy

piilaAndunsizeniufiedne Sidnaseuszagdendsulilaenisnszdwuulaiiianieg

Avo

lusunuazgnaadulinieluiinassunentesiiedneiisinuluie “Usinnsveamaiin
FumsA3en (interaction volume)” dsdnasluaniimiiifosnit 100 uilumasialszanm 5
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Uagtunmngniuiinbiludiiudeyalupeuiiamesinameneues SEM ausagniiiuly

ude 10° wimiTe U 10-500,000 wir Mdsvengvasninluiaies SEM lilauegiu
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Maaveuauding Jauannansainndssganssainuulfuaiaznaoiganssaudiannsounuy
d09Vzqin389 SEM 19WLA383 scanning probe microscopy fddvgnatlunaunaingnsdiu

A & Y Y | = I3 Y A a = cs'
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v

Al Masereganindunaniainnisansuiafianiluduundua fely Mdsvengves

7
SEM Fagneunulagnszuanliiuunain 5o AIRIUANANSTIATULHUANWTULLY Xy

Y

v
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warliguiumdwweauding

A3 SEM @ru1saununlaiasiest Janlarainatewin 1w lave ki ws1ina

q

arsnafnasnedwas Wudu uenanidianuisaldieseidununidneuznainraey

wuuseiu lewn Junuiiidnvasdunwseduy JununiduianUssneu funuiduduled

lpansssurfwaznsduaTen W duleansveu dulownd sauvs 1 vie dwmenlaann

Wulesssuwd winnegavzieslivwaiangauiuyaslddagrauazlnenilugndaineeis
< Y oAl = i ] < =

WAL SIUUMILAUAIBENNNITENTT LN LASES SEM

Tun5wSoUfI9819FIUTUNITIAIILTD1992418 3D 810 JUBHAUANYULVDIIER

Y 9
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uwazdeyanfeints dmiunsaiiunmlaeniluluaies SEM fegreazdesilnile egnq
v Aa v v ] a A ) Aa v o A &

Wesfimtuazagsawaasfiuiolesiunisasauvesuseglniiimvd Jagidulany
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Unidngnindeumeiianiouvedianiianunsainlniilanuisnn lngluindauuurifiiegng

Insuwuunldnisiadeunuualames (sputtering) Tuan1izayainien

Spray aperture
First condenserlens

Second condenserlens
Double deflection coil

BBl

| =l
| T

mﬁr@j

detector

Todouble____,. '—ﬂ
deflection coil '

Magnificatonc ontmlx

JUT 2.14 asAUsznaunANTRINdeRanssAlBianaATauLUUEHRINT1A [8]
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a ¢ a ¥ =< v a & - ] 1
2.11.2 mymseniadasairmandlsmalianisiaeuuvesdediand (X- ray
Diffractometer; XRD) [5]

a ¢ o % = v = & v ad 6 & a4 A 4
MIegildasaiananmewmaianisifeuuvesiidiond Wunsedienldly
n13n519figatienanuallivinateansdiagne(Non - destructive method) Ingldnannis
Beluureestdidndiinnnsgnuntindnveansiies 1979 fuNan1sIn e lavsgn
ldiSeuiiuiugrudeyauinsgiuiiessyigniresrusenauvesansiiegsdeian iy

=% A o Ao v o o v | & = v o o
nanAeiannin1sinteiivesezneuniglulasiasisegralussidounisiniteeiives
aznounglundnazddnvasiussuiudunswuuiuudagssuivaveginsiulusses d
Aawandluun 2.15 erszaenng d agdauandresiulidudusssusnfveawdnasduluay

Nge4 Bragg Feaun1sd (2.6)

2dsind=n A

- e @
=

£ ® 0

L ] @ o d
-+

B ® o

gﬂ‘ﬁ 2.15 nQvas Bragg’s law [5]
2dsinB = nA (2.6)

fenaiindediBndazgnasistunieluvaendadsegneldannvagminasesud 2.16 (n)
Tnelinszualfiuniduainilanamst (Filament) fioganelunasniiiingsdidnddsazsinli
GuandoutunasielfifiansuanUdosdidnnseuseniniduaindidnaseumani avgniss
Frearusndndgailiiadeuiiduatafianuuifidudualnadisainuigadisu
Hueluadslngiluvhanlavenounsdidnaseufifadrsuasyilidiinaseuadlugn (k-

shell) vesozmaunawasrgaoantuinindudorin@ulunalididnas sursueniiegdnun

Y

v a & ¢

(L-shellaz M-shell) LAANISLUASUSLAUNAIIUAIL LN UNYDIINUULALNITANESIFLDND
ganudiegy 2.16 (V)5sdndiineeanuIazitueenIInvaeailnSd@dndludsansiieeng

Lay SIANINALLULEENIINEIHI0E1ENATIVTUMEY aUNTalnsI9dussdand
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= E o o
33 Jrd 4
| o i
[ N it o B3
T p i, T rAR 5%
A 2%
£
£
= L
Il
e
T ..:F K
=% 3
(n)
ffnaroundinu ~40keV Intensity
win'ldwaoa ‘H'I alh//)
b K
— 'S - T A=0154nm
I : g % ?1"5 fafilinTdn wunanis
| 30 R i'rn\'j)ﬁ:tﬂuan Cu
K fafEnduvusioioa
VW K | 203 o]l ~0.0001A
2 1 3p \_. K
1 21 M@ 8
2 0 12
1l
. K,

w w 1 0 12
Wavelength

()

UM 2.16 (n) veanniinssdidnduaz (v) S98idnd [5]

aunIsi (2.6) 38NN ﬂgmammﬂﬁ Tun1awdningn (Crystallography) @1unsauas
wAnIszneUmsTEUILYRIesneNiie Insnssrysuvaglddydnual (h k ) Ssan hkl
Zenin dudifawes (Miller indices) Wutavsuaufadaud 0,1,2,.. S50¥M195EnINesEUIY
Tugafoafuiuogfudedfiaans (hk ) wazaArnsiivaslasandn (a, b, ¢, @, By)
AuduuSsEnINTzsisuasssuUiuaafiveslasndnazdas et ulUunussuUREn

wuUsinelunstlog9918 WaNNTUMANNALATIES 1L UUAITA (Cubic) FellA1AalaTengn

v
v A

PNU

a=b=c 0= =7y =90°Cazldinnuduiuseail

a

NI+ kR + 1P

d,, = 2.7)
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ANMUFUNUS TEUINT LY LNN9VDIT LU UNUAIASNVDILASINANAIANNTS

1 4sin?0 h*+k*+1?
?: > = = (2.8)

'
1 =

1:4' A a
bl a A8 ATANVILLARNY

A9 ANAUENIAAUYDISIALDND

N
Py

€ Ao YUTBINMTFLIUY

1 = M Y Y a & Ao a & 3 1%
33‘1«!7‘10{51’]\‘1ﬂiumﬁﬂlﬂﬂ@ﬂ@l%mﬂﬂ’]ﬂaﬁnL‘U‘L!Lﬁll’e]‘lﬂ seunUlANSIEDNTNNNTENULAD

=] v

N3813990NUNAARRBINUNHVBIKUINA 138N SEUIUKUINA (Bragg plane) yuiissdasviou

=

uszuunvNAUSIERnNnsenU ISendn Yudeawuu (Diffraction angle) &4

a1 [d

Ay 2 wi
yosyuazion Weuhiduusiiwisut unnluindeisnmaidsnvuresdsdiinddeindes
X-Ray Diffractometer A1au0e¥ B dfiAaLUUIAZLNIASNULAN9 A2 gNATIIN A1
Faesziiluinseilassasismdnoesdiduuns nsmlanuduiusssninanuduaza
Aoauuiild Bonin wuuegrenisiaeaiuy (Diffraction pattern) @eazdidnwaiziannzdmsu
swseansUszneuviafeiiu Weldtoyafindnanudiazanmsadameasivesiass

NANFULUUNISELMULTDIT IO NDUanIATIUN 2.17

100
¥ )
E<
= 80
= - -
A A = 0.1542 nm (Cukg-radiation)
g
£ 60 -
£
=
e
> 40
@
=t
&
£ 20

3 1 ]

20 30 40 50 60 70 80 90 100 110 120

20 (degrees)

JUR 2.17 sUsuumsideauuvesssdiand [5]
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91INEUNIS Sherrer’s equation @unsamAvuInvesdiananlanadl (Grain size)

KA,

D=—"2% (2.9)
B, cos

d' = < =
LB D A8 YUINVDILHANAN

'
1 =

R mmw%ﬁuﬁwmﬂLLangs'wmeﬁ@wﬁﬂ(O.SQ < K < 0.99)

=

O A9 YUUBINISLAYILUY

9

B,y @ ﬂ'wﬂ'%"wﬁwmmmm’ﬁﬂqqﬂqmmaammsuﬁmLuu
(Full Width at Half-Maximum of the diffraction peak: FWHM)

Ay #o manugnaduvessididng

< ¢ 1

3UN 2.18 AMNE8LATINNTSIABIULYDITIEDND Ju XPert PRO Panalytical

9
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2.11.3 iBasiiaszilassainafussvasansussnaudemaiinnisganaused
dunssa (Fourier transform infrared spectroscopy; FT-IR) [4]

yizesuefudunimanlnsalatiiuniediingzilasiaiavesansuseney
Tngldudnnisnsgandussddunsisadesidbunsisagnaaniu ndanuduasgniudeudu
wdsumsvsuazduvesluiana Tnsluanavesasudazvinaglvanefuiduendnwal
vosiusluluanatug Sudulssloniogisientsignimgnslasaisvesansusznauly
U290l IR Spectrum Library ¥09a15Usenaum199 ﬁ%’mlﬁﬁﬂundm auauUAnIuadi
ausalTeuiisualanSure9a13@19819AU IR Spectrum Library Iaggnlusifnieseuy
poufiameifianunsnuentiavesarsiedsldndanisarunsnduanmuinuvesans
eesldidoiuiuasnnsgu

mMsfnwlendnaivesansfeadanunimsieedesliSoimaunesudursise
awealasalad e limswumfilaituiidgfyanelulassairsluanavesas BnsiEuanmi
A569E191UARU KBr AoansiieseUszana 15:1 snansdresnsliidunsiuuney el
wasriuldanduiiilulaly sample holder thluiadeindosiFusnsuasudumsian
aalnsalad Tngdnwilugasniue1indu 400-4000 cm™ iiieAnuilasaaisves

asusznausaly

LA

Mirror

L e —————————————r -t )

IR Source

Optical Palh

A [ 5}

<

Mirror Sample

== Lﬂ—‘ 7 |

sample Compartment

SUN 2.19 LEAINIWVRANNITIINUVDIATILDIATILHLATIEE19NUS ZVR9E15UseNBU

Y

1'% a

dremaliayiFemunasudunsusasunlasealad [4]
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T}
a A

2.12 NE15HazUIWNINYITD

Tutlagtuiauidenlianuaulaneiunisuidymilududanndenduddy
Fatunuidenainnarenuidsldintansssuindseendldeludunisdanse i
Tnssaduiifuasvannvans Sssavinmvesiagliifiinnty  swiaduiastuiuinden
Winsntu wardadinniwnieudisututanduaseiiilasaednvueadioiu T
Jagtuamunsaduaneiuwaswisulanainnaieds dnsuiluussendldaulunasguuy
Maes LYy

Shuchen Hsieh [15] way Az lsvinsAnwiRsafunsindedenlandseyndld
1 Tnensidewdenlyluudivlalasiauesoonludiiienruauuunavesgngu Tnelinan
wETumnensiy fe 0, 4, 8, 12, 20, 24 Falus Fauanslugufl 220 Fauansdnvarlaseain
youdodenld Taogy (a) Wulassasweaderdenlanlilsvhnmsuglelasiauesoonlus
gy TanvasiluduleiSewonu Siduiiugudnasussana 2.5 Um + 0.5 Um o

HunsEUINNSw balasaulaseanlan wWulodnnssiusmiuiinanIu 9993195eninadule

fu1nanadan 3-10 Um mdsiiies 1-5 Um wdaannnamiuld 24 $lus dadusiusd

71 natlunswilinanavunvaLaEUle

-0.5

-1.5

JUN 2.20 dnwazvaadulesssuviaanidaudenlylagnisudlalasiauneseanlad [15]
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W.T. Tsai [37] uaganig lovinnis@nwdnwaenidlassasisuazaudanisgadunes
Waenlduaziowdenls lnevndeildenliutluaisazaiensnesdfin (aqueous acetic
acid) WWunan 2 Tu mmfumuﬂszmumsﬁwmmazmméﬁ’wﬁmaamﬂisq Mniuldesld
wrrsluenae (50 °C) tutaan 2 Tu é’QLLam‘LugU'ﬁ' 2.21 Fauansdnvasiuinveaddonly
wansdoidentd Tnewdenlafidnuvaundudulevedusiu Svualnguazsoswnnsiuauuin
A1 mean diameter LWy 77.9 Um A1 median diameter 21.1 Um wag A1 mode
diameter 13.6 im auasu @rudeiUdenluddnvasdudulovasduus voslusiu wn
A1 mean diameter 1Yy 160.2 Um A1 median diameter 14.2 Um uag A1 mode
diameter 185.3 fm mud1dy ntwinsiessilassaianstussiomedaySonu
Wesudunsuseanlasalal nudn wWienliuasifewdenlufdruusenoundnidu asuen
(carbon; Q) talasiay (Hydrogen; H) luimwu(nitrogen; N) 99n%Lau (Oxygen; O) wag
furdu (Sulfur; S) 91nA1519% 2.3 wanslidiugn lassasreveuddenleiinnsuaiun
(carbonate) 1udiudsznoundn viliwualunesunisganduiidiumis 1417 cm? Fady
WUGZUDIAITAITUDLUA UAE ‘wuaLUﬂm%’mmi@mﬂﬁuﬁ@?%mm 712 cm™ fu 875 cmt 1Ty
WuszuomAadunAIFuaLLLA (caldium carbonate) drulasvadivendeldenlufiidnuoe
Wutdule dwedudnalsn (polysaccharide) Wudaudssnaunan ilinuaiunasunis
gAnduisumus 3200-3500 cm, 1651 e, 1536 cmt way 1384 cm Wuiuszuseii

a

(amines) uae Lolud (amide) Feagdunaladn dnrsuanUfouiussiusendng

—NH;_ way —CO—N+H2_ flogluansazan

sUT 2.21 udnsdineaizues (a) Wienly (b) Wewenly [37]
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5UM 2.21 (sie) uansdnuaizues (a) wWienld (b) Weawdenla [37]

M19199 2.3 uansdulsznauvassgluldenlinazigadenly [37]

Sample C (wt.%) H (wt.%) N (wt.%) O (wt.%) S (wt.%)
Eggshell 13.09+0.00 0.35+0.01 0.54+0.01 29.46+0.08 0.03+0.00
3.00+0.04

Eggshell membrane | 47.50+0.07 6.78+0.08 15.34+0.06 12.03+0.04

w
L3
5
E
z 1417
£ cggshell membrane
3627
1385
1652
4000 3000 2000 1500 1000 500

Wavenumber (cm')

JUN 2.22 uansanasunisganduvealdenliuasidaidenly [37]
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Qun Yong [21] waz Az laviinsAnwinisdaaszilnnudey laensldigeiben
ldunduwuy vinsduasilnnudeulaeanladlagly Inndeunaszaaslss (Titanium
tetrachloride; TiCly) fanszUIUNTTIowaLea YBalUdenlad (Eggshell membrane; ESM)

'
a

MeunszUIUMITANEzaIaenNIsa s UaenUsey ludluasiwieulamduna
13 ks ntuluviniswniigaumgl 400, 550, 700, 800 e waided 1utian 1.5 Falus
JUT 2.24 AIMAINNEBIaNTIAUBLENATEULUVARINTIARARIIATIAS LAY AN BULNUR IV

[

Taguay nullousenled-geildenly aznudn 5UN 2.23 uansdnuuzlasasnwetde

9

Wasnly ddnwaziduliivesitisudadudaudisenn Wunauiannisidsidaen ldl

drudszneundnifunasaiiau Miduriugudnatsuszanm 400 nm fa 6 Um JUR 2.23
(a),(b) yinsundigaumgdl 550 ssawaldea Wuleliuesazdvunvouduriugudnans
Uszana 0.2-1.2 Um saudedinsuasaliianunsasnugusiaadulildundn douniia
gamgiinsisndu 700 ssmuaios nuguil 2.24 (0),(d) Iwesiinisdeuseruiisnnniy

fidnwasduaou aavhemugamainiswilu 800 ssmigawlod auguil 2.24 (e),(f) n

wesivaiiduas fdnvasmiiounsanasiie dvuiagnguresudiies

5UN 2.23 dnwazvaadulesssuvinanigawdenty [21]
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JUN 2.24 dnwauzvaadulesssuviAnnibadanlivinnisinnaamglinneg [21]

Chao Chen [38] uagang lavinsfnwmnisdaaseilnniledlasenlynlnenisly
Wewdenluiduwinuy et luuszendldlusu photocatalytic Insnsuiideidenlyly
wilulnnideulaeenlsdiiduasiesildannszuaunislea-on usislivssana 1 42l
nniuiidliukaigungifesdunm a8 Falus ndurhmsuniiguumgd 500 eseuaaidea
Wuran 2 $alus lasaznui lassadrwendedenladlisinisdesy wasidulelvivesd
yuaduRIugudnatsUszaia 0.7 s 2 lulaswns Wnedilnndeulaeenleinizeguy

lassaieveabeowfenly fsgun 2.25
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UM 2.25 anvazvaadulesssuvifarnibadenla (a) Heliuisiaangiiealu

1381 48 Falus (b) vinisniigamgil 500 ssrwaidea [38]

Qun Dong [18] wazame Mévinsfneinisduasgndsdeentadlagldidedenty
Wiy eetidewdonlainienld vinnsudlumsavane@edlumsaiduna 13 ol
Udeglvuridlugumniveadunan 10 d2lus 9nduriininmniigumad 450, 550, uax 700
psrwaidoamudiiy iunan 1.5 $alus lunswnfigaumail 550 ssrwaidea Jedoonlod
fnandevuaruszaududofortuiubedenly lnefiduiuaudnarsvadliives
Uszann 0.2-1.5 fm 910t ¥inslinsesidendonanssaibiinnseunuudessiiu 1
WU lassadwesiuuuAsudaziden synirvesdafeanlaneradvuiaanisse suuily

% a ¢ I3 ) v a | ! ! v = U a ] A
"'INGENﬂ@E]ﬂl‘l]’ﬂU'Nﬁ'Ju‘lﬂllﬂ']ﬁLﬂ']gmrJﬂUﬂﬂﬂjaﬂquﬂﬁg‘Vi'ﬁqﬂLausLﬂ Iﬂﬂuﬂqiﬁuuwiqujq Ly8

Wasnlunliduwisuuildlunisdanszroaiinisaanyly
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T. Krishnakumar [22] Lag aalg vianisieseufiueenlannignssuiunisiulasian
Tneldfiunaslss (tinll) chloride) Wuansaadu IRAdslniin 2.45 KHz WHuan 10 und
mﬂﬁ?uv‘hﬂmmﬁqmmﬁ 300 Way 600 paAgaldyd WUl AourIuNSEUILNISILASING
NYNTUYDI SngO(OH), mé’qmﬂchuﬂizmumﬂaﬂiﬂ5L’;Wﬁ]zﬁmsm§awyjﬁqﬁ%’u mugﬂﬁ
224 nanedu Aueenledlassadiswuy wanglnuea lsun@n fifa [101], [110], [002],
[200], [112], [211], [103], [220] Lﬁaﬁwmumﬁqmmﬁﬁ 300 WAy 600 BeANLYALTUE A
Wasudulassadrwesiivlaeanled Tassadne wuumasglnuea fifta [110], [101], [200],
[111], [211], [220], [002], [310], [112], [301] vurnveseynaiduailfegiusyanm 26-34
ululns elfingamgliniswn vuineynafatuszana 26-31 unluwns azidiuledn
vaveseynedvuasatudnios daazusdlan wwneumelildsunansenud ogangd

ASNTLILTY Y99 nsiAsulAsIas1wes Ausenlaaluidu dulnsanlys

A 2 B :
(d) g (@
g =82 ?; ] H:«a;:;
i e TEz=2

sy JE_ UEC .

(110}

- T (e) ) (e)

= = == W =

= Z.35a% Ta J Ha ;Eé

5 8gEss | VELGTS
-"%' i) A V;.,)k./‘r’m.‘..r"\ P ¥ 1
= =

o]

=

—

E:‘ZWI

L

g::uu

i (220)

3
Eﬂmﬂ
o
ffh
?:-——'-n 12)
{{:‘— (211)

M |.
N‘wl«w‘ t u"" L!WJ‘,,H‘»'M,, i MMJ M&W \ﬂm'&-&(::.,

10 20 30 40 50 60 70 800 10 20 30 40 50 60 70 80
2 theta (Degree)

JUN 2.26 N15AATIBENISEIULYRSIEDndvasiiuaanlys (A) iApH 7 (B) fiApH 9

(a) Wrunszurunsiinaumglulasian (b) ndnsiuiigumgil 300 asAngaldes [22]
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Dien-shi Wu [24] wazaaz lavian1s@nwinisesoufiveanledaieisnislaadu
Tulasin Tnensldfiuraslsiduansiiu azanelunsalalnsnassn anniusinisuduen
Hunsa-arefiuszuna 9.5 dreusuluie THi189lulasavn 640 Yad Udosliusad
gaumniivies wuin awdeuiiAnannslinduselulasmuazasligumglinsiluang
Louifisaneisazansailasulassadvesivraslsaluilulassadsvosiiulaoonledls
anysal dungldann wansinssinsdenuuresisiidndanguil 227 ievinisliady
lulasindl 10 uifinar 15 wrd saudenisiluvinnsmfgamgiivsyanal 75-90 osa
waLdua WusTLURENveseynafiusenled (Sn0) delldnvarlassairaduuuuanslnuea
(Tetragohal) fiszunu [101], [110], [002] mﬂﬁuﬂwé’f’sasmﬁlé’mv‘hﬂmmﬁqmwgﬁﬂizmzu
95 samwaldea Wuiian 10 wadl Jseznuszurundnvesayniafiulaeanlyd (SnOy) i
SyuU [101], [110] Feanansavediiidiuin anudeudiiAnainnisliaaululasinuazain

Souniinangaumglinswndianenisiaeulasiaseen dusenledluilufiulaesnled

Sa0 (101)

Q (l) SnO(llll)sn()(m]

5

fF B

ﬁ (3)

< r

W

E w“

20 25 30 W w0 o

20 (Cu. ka)

JUN 2.27 M3daszinmsideauuvasssdidnduasiiuaanlys [24]

Bee-Yu Wei [30] wazaAny bavinn1saunsieiianunauseniniivesnlanuasiouly
ArsuaumsnszUINnslulasan waziluussendldudinsiatauia lngldnsiadauia
lulnsiaufiguugiivies lasnsTeuifieuseninsnisaanviounluaniuou agnuin lums
wavioTuasveuandunsifiulsavs mwesnisnsan iaufaliiiussavs fmdiuanndu

Wunaunann Wusesening ansusulalasiau



Voltage (mV)
g 2 2
°e. 2.9

o
L

'500 T T
200 25

350
Time {min)

—
0 300

400 450

Dreteeted gas off R,._,.. =R = ]
— i
8500 55

sUfl 2.28 nsnsradauRavesiannan SnO,/CNT [30]
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Huan Liu. [31] wagany lavin1sanwinisnevaussveakiabulasiaulnsanlann

2NN tnemMuuaANULTuYaalulasaulneenlenn 13.7

9 Y

ppM ANUUVIINITNAADI

QaUNYI 25 BIANTALTYE 50 BaMILTaLTEa 80 BIALALTEA 105 9ANLYALTEd 120 99

Y

walged nud e iigu Ausenlydauisansidululasiauladesnlydlany

NUUIINITAIUINU response-recovery A7 first cycle Tananstiniuns1ei 2.4

P ]
139N 2.4 LLEAS response-recovery Nl

a

Y

U9 [31]

a

gaunil (°0)

Response time (s)

Recovery time (s)

80 99 130
105 83 a5
120 79 35




unii 3
A5N15AHUIUIY

3.1 sawedluazgunsalitldlunismaass
3.1.1 sswedfildlunisnaass
~dewdenls (Eggshell membrane)
- viaunluA1Sueu (carbon nanotube ; CNTs)
- fiumanlse (Tin chloride ; SNCly5H,0)
- lalastaunesoonlen (Hydrogen peroxide ; H,0,)
- ouluily (Ammonia ; NH5)
- ﬁﬂﬂaaﬂﬂszﬁ; (De — ionization water)

< mmﬁa‘ls‘%ﬁﬂ (Fluorosilicic acid)

@)

(A)

40
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1311301612

Ammonia 0% (a3 NH,) PA-ACS
Amaniace 5

(@)

sUN 3.1 a19miinldlunisnaass (n) WwailUdanly (Eggshell membrane),
(@) isunluaisuay, (A) Aunaalsa, (1) lalasaumnasaanlan, (3) wauluwile,

(a) n3aylals®an



3.1.2 gunsal
- wdeau
- wdesdvanBen 4 Fum
- weululasian (Microwave)
SRR RRER
- Lﬂ%wgumém (Centrifuge)
- HNDUAINTOU
La3asniuasiaglduviaudmdn (Magnetic Strirrer)
- ineseugilelan (UV-ozone oven)

- 99819MEAANDan s tala (Ultrasonic bath)

(@)

42
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(%)
sU# 3.2 gunsalnldlunisnaass (n) LaTaeufa, (V) LATe9YeazIBun 4 A1unis,

() wraululasian, (9) LKIQUUANEY, () LATAINNUMREY, (]) 1BUANTBY,

(%) wsaenuasinelduvisudivan, () 8198190andusans loda

3.2 YuRBUNISIABNEIsAuRanlgnaInfiuaaslsn (SnCl,.5H,0) Are3snisannznau
1.L0581815 SNClee5H,0 U3 1.753 NS (nSelAUNTuaNssasy 0.05 Tua)
247873 SnClee5H,0 Mwseuld azaslutasauseq (Deionized water; DI water)

Tudsums 100 Hadans

a o vy a ' 8 v <

3.MUAITaYANIAS 8L LIARELASBINIUANTALABLUULIMANAEAIINLSY 250 S8U
soud Wual 30 wi

4.uansazangnadludenansaranewsaulitnedu aunseisamudunse e
WAy 7-9

a a v o )

5.59ansarareanagneuioamgivien et 12 il

6.dnansazanensed lanyinIsryuIIes (Centrifuge) MagIIUIBY 5000 58U
fau ivianua 3 S8

7.0upENaUAlAIINNTRYUIIBIAIELATEINIUAITAZANRUULLIMANGIBAIIULET

250 sauUmau LHuan 30 U

U7 3.3 anwazvasnznauiilauasantandnudaiialiluam 12 ¥alus
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3.3 yunaun1sUivaninilveudaldenlddledinsudlalasiauilasoanled
(Hydrogen peroxide; H,0,)

Linssuldenlalaan Tuswaudiseanis

2 snseenidedenlteanainudents

3 dndewdenlafiniould uvhanuazeradieniséraiasnlseq (Deionized
water: DI water) 377U 3 A% mﬂﬁuﬁﬂﬁ@uﬁaﬁqmmﬁ

a.shluuglulalasiaueseenlas (Hydrogen peroxide; Hy,0,) lurianfiwmnsnedu
W 0,4,8,12,18,20,24 31w

5. dngawdonlamvinnisurfisliiausngamglives

Y

: s,J ? i
= P~
SN i'i, 1S

JUT 3.4 Wwawdenldnldiluusinuunasainnisuiuaninia

3.4 Yunaun1sUSuan R wiaunluAsUsuAEITNsaUEIATE L Ala LU
Linsguviowluansueu 31U3U 0.8765 n3u (nsdlasduduasniu 0.05 1ua)
2.8 wdnpseseugilelswlunan 40 unil

3dwiewiluansueuiinseuialilidudnenumgivies

U7 3.5 sisunluarsusuiildiduwivuunasainnisusuanmin



45

3.5 YunauN1smsauiuaanleaniddadanlauduwnsinvuu

a

Lihiuraslsdw3sumedsnisanaznou uvinisavanglulivasalsesgieseull
19NNSEUMELATEYINANNATDIRRIsAdudanI latia (Ultrasonic bath) Wuan 20 w1
o a cay v ° P a 1 2 v 2

2.1 7umalsa N lAu1YINISNIUAIBLATBINIUEITWUULLMANA8ANLLEY 250 SaU
fau Wual 30 w1
2. ngaannluitiun1suSuan nRILAL Wvinnskrastuiiunaslsaneseule

nniuidhilugaumgivies

Ul 3.6 anwauznisutidaivdenlyluaisasareiiuaaslse

35 = a o‘z:' Y 1 4 I 1
3.6 TunBUNISLASEUNIUBN YN ITviaunluA1S U UL T ULAILUU
LihiuraslsnwSeumedsnisanaznou uvinisazargludivasausegiesoull
11YN1TEUMELATRWINANATDIRMIgRAUs ans twila (Ultrasonic bath) 1Wuan 20 i
2 UunaslsaNlnuvinAsNaNAUYaWI I UAISUBUTINIUNSLUIUNISYINAINUEL DA
a v A ' < v < | a 1Y) e v v a
B 11NIUAIELASDINIUETWUULLLANA8ANLSY 250 SaUFBUIT WIauTliAu5aun
gamndl 150 osmeaidoa (Juan 1 93lus 30 wiil

3. dhansazaneiiuraslsnnauiuiouluasusuiwieuls Aslilidungumngies

Y

3.7 F3nanseutaananlauiaiiveanleditldvieunluasusuduwivuudrenisiviaau
lulasean

Lihdewdenlsivhmsudlufiuraslsaiiwdenl’ uldlumuusfindoudiotid
wwSadlulasi

2 dnsugldiegeiivmioulfiinunnmsaiinanianseseanioslulasim

3 smsusuidsinivesrdulilasndiunnsisiu Ao 300 nd way 450 o 1Hu

1281 2 W9 WAL 4 U
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4.4 Jaonaufiueenleafildieudenludumivuuan el iidunaamgiines

Y

3UN 3.7 Jaquanlauiafiveanluninldvisunlumsvauluuinuy

3.8 AnansenTaanauiiveanleditldiaunluafuauduwsivuudrenislviadu
lulastan

Lidefunaslsafinaurowlumsueuiesonll uldlunausfiwSoudiodid
wsadlilasian

2 hawuzldseseimionlithunimsafnarainseswesnioslulasion

3 shnsusuinddliheesedulilasniiuanmiady Ao 300 Sas uaz 450 Yo Ju
1287 4 U9l wag 6 UM

4.drianuaniiveenleainauiuvioulumsveunnfisliliiunionmgiivios

- — T S o A—— S—

U7 3.8 Taquanlauiafiveanluaildviounlumsvawluwivuy
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3.9 YunaunsnsenTaguadlauiaiveanlynldidulesssumfantadantaudy

ALY

fumaalse (SnCly-5H,0) + UUasnuseq (Deionized water) + waslaile (Ammonia;NH)

dN5azangfInu

N

- azanglutasalsyy 100 Haddns
- Auael pH vosuwauluile 7-9

- Uandn 59n15AnAznaU 12 Gl

- YmIviumies (Centrifuge) fae
F1UIUTBU 5000 S8URBIUT

U 3 ASY

i ﬂ?ﬂﬁﬂﬁaxa’]ﬂﬁ’lEJLﬂ%’eNViiJa‘lJﬂ’J‘u

(Magnetic stirrer) auiduiilowfoniu

arsavatennuy + warldanlvlueulanenaiuy

4

- dudadenldualuansdadudu
1387 8 Tlud 16 97y hay 24
D ETR
o A o~ | P S v o

- Jngoidenlawtluasianun
AUIUTUAIAY AB 0.05 Tua

way 0.1 lua
- A luNS PN UAIEARY

TlASINARNNY A 2 U7

way 4 U9

- yMMsAusaungnaululasyIv

v [y A

MaIRN9nUY A9 300 199 wag 450

=b.

(3
219

e

€

ineaumgivieadunan 1 Falus

=)

Tanwaulauiafiueonleanldidulusssumiandedonludundiuy
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3.10 YunaumsmssNdaguanlausafiusanlenildviounlumsvauluuinuy

umaalse (SnCly-5H,0) + UUasnuseq (Deionized water) + waslaile (Ammonia;NHs)

- azangluinUasausyy 100 daddns
- Amuaen pH vosuwauluily 7-9

- Yawan 59N15ANAENDU 12 T34

GURHERMRESN
- M IVUIes (Centrifuge) fae
d1uausoU 5000 SRUADAUT
MU 3 A
- MUAITAZANLMELATOINYUNIU
(Magnetic stirrer) auiduiilowfoniu
\

A1582a7909AU + YIPuIlUAISUDY

- 199Ul UAISUBUBUAIE Uv-0Zone

Wuan 40 wd
- nanlunishimnusaumenau

Tulastandsanaiu As 4 uii
LAY 6 W
- yImsanusaungnaululasy v

a9y Ao 300 Ta6 wag 450

=b.

(3
e

v a v < 1Y)
dngaumgiivieaduim 1 Falug

Y

e e

=)

- IMIENTIRUNE 400 B3N
WALReE hay 700 99FYaLYed

WWuan 4 Flug

Jaouaulausafiuoanleanldvieunlumsuouluwivuy
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3.11 A3manseaudaaeiansaiaufaandaguauiiveenlediinauiuvieunTuafusy
1Lihfiussnlesiinauiuriewilumsusuiivsouls uldlunvusiedouls wdh
nsuenyflels@an (Fluorosilicic acid) Uszanas 1-2 nen 9ntuwihnisaulidiiy
2 thansiwseald innseaasUuLRuTAesunaiasealiUsEana 1-2 ven uéa

° = Y  aa & ° v v Y a [ T’
YINNSLARBUANEATNITUIALARBU Iﬂﬂ‘]/]']ﬂ'ﬁi‘l/iﬂ'ﬂlliﬂum?ﬂLﬂi@ﬂﬂ')ua'ﬁiﬂfﬂﬂuﬂ%mL‘Viaﬂ

al

(Magnetic Strirrer) figaumaiiuszanal 90-100 ssmwaLdoa Wuan 15 uiil

a

3huwsiutmeunsivhnsuandeussusesuad unviniseuiigumniuszunmn

Y

100 a9 waLded Wual 10 wi

4.4 1UNUTINBIUATTINITEU INTSlAEuiigungTvies

Y

}24
o

UM 3.9 2mesuasivinnisindeudaanaulauinfiveanleainldviaurluaisvaulu

winuuwayszenaldluunsivinnisnevauauia
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3.12 nMsAnwantAlanzvesiaanauiiveanludiinauiuvisunTuanfusuiiiinng
ABUHUBIABLAH
L.nsAnwaudinisneuauedouiavasgunsel
MsnudnuzlamzvesTaguaiiueenludiinaud uviounluasusudauting
povaueswesuiaililunismnaes Ao usansead Mluvneililinovauowioufauasyinns
ovAUDIBuAd LilevnsmAnsnovausswesuialiegluguvosmeanuiumuli a

Anuiumulninvesiigunsainiinisnevaueiewia aunsavimsdeaunsalnugy 3.10

FLUK NetDAQ Logger

[ ]

VOCs Detection O 0O OO0

ﬁe—s Selenoid M
Valve 1 i

Flow Meter

liquid
i Chamber

Nz Sensor ,
Hot Plate .
Selenoid e E=
Valve 2 L Exhaubt Data Acquisition System
Flow Meter

5UN 3.10 szuuildlumsasiaiaufa

nMyinnumunuliinnseevauseia aunsarinnsAuIulAfENN1SN

3.1
(R¢—Rp)
s = (=) x 100% 51)
Ro
MU S Ao AINIRBUEUBIVRILAA
R A AIATIUAIUYIUNSABUAUBIYBILAE
Ry A AIAINATUNIUNNTABUEUBIVBIDINA
WAz N1sAUIMMAUGATeINIIRoUaAURIweIiIY Yin1sAuwinlafaunisi 3.2
Rq
S = = (3.2)
g
Avuali S Ae UfsuInInavauadvatLia
R, fio  ArAnuaumulninvesenne
=

R APUAUNIUl AU LAE
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UNN 4

NANISANHUIIUIY

4.1 nsanendulesssuvnangadanlanldidunsinuu

4.1.1 nmsUsvanwiRvastadente

UM 4.1 wananrwnisdsvanimiavangaienlusrenisualalasiaunasaanlan

Y

aeld€aulunisudlalasiauines sanlanlutlariuansienuds 4, 8, 12, 18, 20,

24 gl uawinmsusdesTviuvisiigumgiivies
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4.1.1.1 wan153AszRaNtanIswuiavagaUfenly ddendasganssail

a & 1 ¥V :l' [\ -4 4' 1 [
danasaukuvdatnsnneldaulunisudlalasaulasaanlanluiainuansneny

HANTIATIERANINHNURIIENADI9aNTIALBIANATOULUUABINTIATO TS
Wasnlunnunszuiun1swlalasiauuasaanlontuianiwnnaneny tHe9a1nanuised
#9an15ANYINTIaNsUsEnavlalasaulasaantem ey liinn15 Uas UL UaIuD IuUIn

' A =~ ' ~ A = & ° a A6 ¢
YBIFNTULALAINNUIMULVRLEaUFanlY TaufisbaFenliiluarsimindunid s
o & v ° ' ¢ & A o S L a ) v a | I’z
Jdusosinswy lalasiueioenlediievinliusnuiuiiwasdesnisiiinnguilsidu

A A oA A | ° aaa v a yaa £ ) P
uoa Weniaildanluszaunsainuisenduiiusenlenlinsu Tnvdnvuslasadiewes
WarldanluAnandulevadusiuidausanu danvusludulelnuas Aanansluguin 4.2
AMnduiinsunawidawdanldlulalasiauleseanlas Wunan 4, 8, 12, 18, 20, 24
LAY A95UN 4.2 (b)-(g) FENUI Warldanlimasoulasidnuwuzlaseasrady
dule@adilassadraufoarduiauny wanaiuy 4 was 8 91lue wealdenludigady
Talasiaunasoanlanbidiud vinlmdiulassasrwentowdanlaludman Wariinnandy 12
q.'/ < % dl' = n:l' % v 1 I I3 I3 1 vl 1
2w ziulpssasrveniawdanluiedredunouwslalnsiaunasoanlafod1aaLau e
datiunawaidu 18, 20, 24 F7lua v lilessasiavedulunian1sanseesfunuIwLy

& X ° v ~ ¢ % = a ¢
WaLLUISIUNTY FlEnsTURIUTDelalnsauNesaaNlwRbPEIN FI9INNANISIATIEED
Wasnfuwalulalasinulasusdlmiuin mnldnarlunisudidedaniuglulalasiaulasi
Y Auly azdwmalnlaseassvesdules 1ian1sdnsaaf unuILUULaz LI IwsIuNn Y1l
N15uRIuYeslananIea1saue nearulaein WewninsiinU]is sreendinduves
cysteine Ty cysteine silvilassasranfinusyladalus (Disulfide) Audusanazaunss

(%

Jostumanzariuvadluanavuiaanld dadudsaguin nattunisudlalasiauweseanlyd

'
[

Aaa & 44' o o Y A o a
MAvan fo 12 Tlue Wewnanwarnadastaiwendulelusiudnsanimiy
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UM 4.2 uaasdneauzlaseaiienisuiuaniniavenadanlddlenisuy

lalasiaumwasaantannigldtoulonisudlalasiaumwasoanlad lurainuanfneanuy Ao
(@) 0 Faluy, (b) 4 G2y, (c) 8 w4, (d) 12 FaTuy, (e) 18 ¥2lus, (f) 20 F2luy,
(9) 24 ¥3las udwihnsudeelviuienamungiivio
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JUN 4.2 (dia) wansdnwazlassadranisuiuaniniivautadenlddlenisuy

lalasiaumwasaantannigldoulunisudlalasiaumwasoanlad lurainuanfneany Ao
(@) 0 Faluy, (b) 4 Faluy, (c) 8 w4y, (d) 12 Ty, (e) 18 ¥2lus, (f) 20 ¥2luy,
(9) 24 ¥alas udwihnsudeelviuienamungiivio



55

UM 4.2 (d9) uansdnwauzlassairanisuivaniniiovaagawdanludienisuy

lalasiauwasaantannielddoulunisudlalasiaumwasoanlan luiainuanfenu Aa

(a) 0 92Tu3, (b) 4 H2lus, (0) 8 ¥2luq, (d) 12 42la, (e) 18 42Tus, (F) 20 F2laq,
(¢) 24 Flug u,é"w‘hnwsﬂdaa‘lﬁuﬁqﬁqmmﬁﬁm
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JUN 4.2 (o) uansdnuazlaseainenisuivaniniivasgadanlidaenisuy

lalasauinasaanlonnigldaulunisudlalasauinasaantan luaiiuanfd1eny Ao

(a) 0 921wy, (b) 4 H2lus, (c) 8 42Tus, (d) 12 4alus, (e) 18 Falus, (f) 20 Falus,
(¢) 24 Flug LLé'w'hmsﬂdaﬂiﬁuﬁ’aﬁqmwgﬁﬁaq
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4.2 msfnunIaguaulausaiiuveanladlasldidulesssuyfaniadeniadu

L UU

4.2.1 nsAnwnansznuvasatudigaildanluluaisusenaulalasiaues
sanlwandinasaautfvaiaguanlaviaiiveanlynlagldidulesssuyfaniawadenty

Wumsiuu

NN3UT 4.3 wansnmdegreTannaleuiafiueenledlanldidulusssui
mniedenldfuusiuuy Tnswdsunarlunmsuiibodonivlumsdsiudunm 8 dalug
16 $las wag 24 Falug udwhmsuaesliwisiguvaiivies Ineivua alunisuduanin
fufnvesdedenlvlulelanuiesoonledifuna 12 $alus arskedufiunaslsdiina

o

Wuty 0.05 Wwa antuldmaianishiadululasnnddiidalndn 300 Sa¢ Wunan 2 ui

sUf 4.3 uansdnvazvaudadenlyluarsasduiduiian (a) 8 ¥aluy,
(b) 16 Falus, (c) 24 Flus



58

4.2.1.1 wan153nsziaudanisuivesiaguaulausafiueanlenlaeldidule

a o o " ) ' v Y ¢a & '
ﬁﬁiﬁJ’U'Wlﬁ]']ﬂLﬂaL‘l.]aaﬂ1‘llLU‘ULL&ILLUUﬂ?ﬂﬂﬁaﬂﬁ]‘aﬂiiﬁuaLaﬂﬂﬁauLL‘UUﬁ'ﬂ\iﬂiqﬂ

NN3UT 4.4 uansisdnvazlassaanazdnuarnsidusnguvesansildann
masdenTanuanlsuiafiuoonledlagliidlosssumanndendenlafuwiuvuy Tnsduns
leannnmeng SEM uane anvazlassasisianuanlausaiiveanlelagldidulesssuwifiain
Fowdenlsfumivuuiildannsusidedenlvluasdsiudionatfiunndeiu wu 8
Flaa 16 2l way 24 Falus Hudiu Mnduinisudesuisiigumndives wuih synia
fusenlediidnunndunsnan warusduddnuasndunie ingeguuiiuinve aderdeon
19 1dulsusdsinmsdouriuiuawilvunsdnalbifverissniaduls anam @) e

| a

) QI 1 & o.'/ 6l Y a 44'
inmsiinnadiduiag 16 Falus aenudn suaefiveenlediinisiniziivuiiveade
Waenlawinninfivian 8 1alus uadadiiusenleduisdruniziiudunquiouauvinliiiu
panlasursauluouiuaulimdsrosineseninaduls 9100w (A) W9YiNANSIRLLIATLY
&, ) | ' 1Y) a & a = = Ty Y

Wu 24 2109 980U NULT NNSnesiYesiuesnlenuuRivenioildanlimdanedunng
WARDUAIUURLYIN LU Euloddnwazdounuiy v1ad uldnuazidslagsduaunouidy
dall a %) o U o U 1 124 a éf v 1 a Kd' = 1 1
Waietuauinlidesitsseninsdulafintuiseun susisiulaeenlednusinglisusiely
o wvwevaskdnAsudindn eswinilassasiadusuuedugiu Senseiunisiiui
97N@xN15 Scherer’s equation MnNAMAKERAILTLALIT synAvesiueenlydiinizeduy
Wawdenly uagdnwiueynavesiveanlealduiuiinTy Wevitnisiiunalunisudide
Waenly Fse1aagulain nanlunisundeldenlaluansisiuiiunaslsiing 24 Falus 1
naafge esnfiveanleafinizdieguuiinvesdeidonlnldduwivuuiidnwass

g0 Fedenndesiunanliannsiasizinisdeiuuesssdiand



sUN 4.4 nansanuvaLlassas1evesiaanaulavsaiiveanlunlneldidulesssuvnannia

v q

wWasnluuwidnuulaenisudigalaanldluaisusenaviiusanlaadurian
(a) 8 YAluy, (b) 16 ¥4, (c) 24 FIUg
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UM 4.4 (sa) uansdnvaurlaseadrsvasiaguanlaviniiusanlenlagldidulesssuyi
nawdanldlunsivuulnenisudiliaildenlyluaisusenaviiueanlaniluiian
(2) 8 Faluy, (b) 16 Faluy, (c) 24 Falua
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4.2.1.2 wWamsinsiznantanilassaisvesdnananlauiaiiveanlynlagldidu

Tosssurrfantiadanlaiduninuuagnsa93tAszin1siagnuusdnd

a P a ¢ & Y o N & )

1NJUN 4.5 wanafianan1siAsIennIsidenuunieSadiinduesiannay
lauseaiiueenlenlagldidulusssuvdnndedenldiluwivuuilsanniswadedentavluy
A1IAINUALLIATILANANNAY AD 8 TIlad 16 T2lae way 24 92l 9ntuvinisUase L
a a v ' a s o Yoy ' v & A v @ =t o
Ngaumgivies wuii suniefivesnlednwisulativuindeudadn Tanvasidufedugiu
Tneszuruvesiiveanles (SnO,) funis 20 = 52.05° Fanseiu laseasnevesayniniiu
20nlYA (SNO,) TAsaas 1 uuwATElnuea s¥u1U (211) wWevinsiiunailuniswdibeden
laluansnsiuduna 16 Falus azdunaniuii Wewdenlainnsgaduansaadulauniiiauin
dy 4‘ d' 1 d' A 1 Q. dg( L }% U dy a
U WenanudigaiUfanluiinuiniy Tnedungladaindy yiunisidesiuuveseoyniniu
200 lYA LLANMLTUNINTY INTUrINsinnantlunsidgadanlaluaisiadudunan
24 Falus axdunaiuin dnisiineyniefivesnledmnizuulassadivsadaidenlung

a

897y wona1nd AnKan1sIATIERNISEEIUUYe S EONgdiln1sUsIng Ay ranag

Aonvuvendedonliildiluuluuuiidunisuszana 20 = 20-30° Faduniside
”iyjagmmil,ﬁyml,umaq alanine, serine, amino acids [36] %aLfJudauUizﬂawaﬂL?J@Lﬂﬁaﬂ
il uniuvy Tnsnufinalunmsuddewdenldluasdsiubung 8 Faludanudy
Guaqé’zyzmmmmﬁqm e?fqmqﬁ’umﬁmswﬁmammﬂmﬁmmasuawmgmﬂﬁuaaﬂiﬁﬁﬁuamﬂﬁﬁu
1 nudygrunsdisnvuvesiiueenlediiduinntu wesndlanauidenFenlvuniy
$runumaineyniavesiveanleduinmuinvendeadonldiunniu silfaudures
Fyransdeivureniewdenldiauduiesa: fudenadasiunansinssi iildann
nseseindesgansmisidnasouuuudensiaitindiui Wenaitlunmsudidewdenld
Tuansisufiunaslsdifiunniu eynefiveenlsfazdimanizuuiveadendonlifliiu

WU WUULNNLINTY
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immersed 24 h.

(211)

A o ol

immersed 8 h.

Intensity (a.u.)

20 (degree)

JUT 4.5 nsdsiginisideaiuuvassididnduasiaanaulaviniiveanledlaeldidule
sssuvnvnwarldanlaidumsinuulaenisuaigaaantalugnsusenauiiusanlamiiy

981 8 LAY, 16 VALUI way 24 Y29
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4.2.1.3 wan1sansizandanilassaisiuszvesiaguanlauianiueanlanlay
Tdulesssumpandiadanlidumivuuiewmaianizesnsunasudunsisaanle
salav

INNANTTIATIEINITILATIAT LTI sUTENaUMEIATiAYS e NI 1U
Wosusaanlnsaled vesianuanleuiaiiusanludlagliidulussmumaannidewdonllag
nslsnautiewdenlvluasdadudonafiunnsieiu wu 8 $alus 16 Falus waz 24
Hlug udu nuanisialasisuniavadu 400 - 4000 cm! 9MnHaNTIATIZA Fagud
0.6 Fiuisisanaunisgandudl 3500-3845 cm! Wun1siinituszvosmy] O-H nie
nqutuszA1UBNTa (Carboxyl) Tnsifnaindumeunisuivanmiaveadedonldlngnis
i ludluarsuseneunslalasiauesoanlan (H,0,) ﬁwa@mﬁaagjuuﬁmmL?J'amﬁaﬂiszjﬁii’f
Huusluuy delvianunsaviiufasentuiivesnledlifdety Snsdmuaunniunisganiu
voinguueniiuamides) lugrsawnasunisgandulugae 1250-1750 cm? Tngweniuiduy
dudsenevlulasadiveadowdenlvdilfiduuivuy vonenddedlfiduivanniuns
ganduiiduais 500 - 600 cm? Fadulassaiisvesiusyseninadfiutusendiau (Sn-0)
wansdanisiianasnisiiegveteuniafiuveanles lugrufeinulaedyaruanniunis
arnduiidnvnnaudniu Wonalunisuidendenldluasdeiuiumntu wandiiiuin

a

sumAvasivpanladisaufiusnniudmalisuneymeavesiiveonlsdfineguuiaves
dowdenludliiduuduuuisuamfisnnndy wansliifiuiteuniavesiiveenlediisiuom
dusnndudmaliauoyniavesiiusenledimeuuinresdedon lildfuuiuuud
Suudfinndu aenedastunaiildainmsiiesginsiisnuuresdsdidng wazndos

aVTIAUBLANATOULUUABINTIN
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LA DL B B B R D EL N LA LA L L L B
O-H amides Sn-O

immersed 24 h.

immersed 8 h.

% Reflectance

4000

3750
3250
3000
2750 -
2500 -
2250 -
2000 -
1750
1500

Wavenumber (cm_1 )

UM 4.6 n1sAATILNBUNIITAaUNATuvesTaguanlauTaliueanlaalagldidule
sssuvsAangarlaanludumsinuulaenisuaigailaantyluansusenauiiusanlamidy

1981 8 LY, 16 YAU9 wag 24 YU9
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4.2.2 N1SANYINANIENUVIANUTUTUVDIESAAUTNUAalsANdINanaaulR

vasdanuanlauiaiiveanlunlasldidulesssuvfandawdonluluuiuuy

91n3U7 4.7 uansaniaguanleuiaiiveenledlngldidulesssuuaanie
Waenlwfuusduuy Tnewasumududuvesansaedy 0.05 Tua uag 0.1 Tua Tnesmunls
nanlunsuduanmituivendowdenlalulslasioumedoonlsmdunan 12 $lus uay ud
Bowdenlvluanssdudunan 24 $lus mnduldinadanisireaulalasindadimdslni

300 406 Wuan 2 wi

UM 4.7 Taauaulaviafiveanlydlagldidulesssuvrfanigawdenlyluuinuulag
AMuduvesEIRsiY (a) 0.05 lua, (b) 0.1 lua
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4.2.2.1 Han1ATzRanUANIsNuivesTaguaulausadiuaanlyalasldidule

a o o & ' v Y a & '
ﬁﬁill’lﬂﬂﬁ]']ﬂLfJalfL]aafﬂ"llLU‘ULL&ILLUUﬂ?ﬂﬂﬁ@ﬂQﬁVIﬁiﬂuaLaﬂﬁlia‘ULLU‘Uﬁa\iﬂi']ﬂ

d' = o 4 d'd @ [ I

NN 4.8 uanadiadnuuglasiadieiivuadnuazanuaznisilugngy

AV v = ) A a Iz v v a = =~ &
vasasilaannswseudaananlavsafiueenledlagldidulesssuvfanne ewdenludu
wiwu lngdaunalaannainaie SEM wansdsdnuaelasiasisvesiannanlausafiueonle
Togldiduleosssumdandawdanluidundiuuilsannmsuidoldanlalualsaaduiiaing
Wuduuansaiadu 1w 0.05 Tua way 0.1 lua wudl laseadendauinmdnvesoyniniy

& 1 a d' = 1 1 I a a v = a
sonleainisinizeguuiiventaldentiegudusuley uddnvasmilousuninvesniu

s A | p A o | fU A a & | Ao &,
panlunindovaguuiavetaiUienly uiddllauniavesiiueonlenuisdiuniianwaeduy
N3NaNNIzeguNiiveladenluuiy Suddnuazvetdulauazdesinsseniraduly
vaudotvdanlantunlndundnuulseduladinisdouriuiu vinlvdesinsseninaduled
Snwazwnnaanuld sudewuiavaaduleivuialuwingy Sdenalrvesinsseninaduled
yunlilvindu a1ainanndunsureIniseadaasnlululalasaulaseanlas wWeavinainy
avomiiventaildenty inliidedenlasinisgedulalaswaeseenlendnly wilidasg
nsznuliilassasrsvaadaldanlvwdsuntadly WevinnsiiuAuTuTuYe9a15AIAY A
denalidnuineynIavesineanlenddnuufindniy siufiuiueunIAvesiueenleni

a a d‘l = 1 o Q‘ 49( ¥ 1 d‘ o a
n1gUsnaRvendefn il uininTusnNluiie wiilierindnuIueunIAvesiu
aanlyAniiviuiiudy inlidnssaudiduessynieiivesnlenuintuniulunie laed
anwazilunguisusuinlvg sznsznsinbidulevsudedonldlounedu aulimie
Fosiesninuduly v3e Yevhvsenindulovisdiudvnnninas lnegmilousuniavesiu

e’d' ] [y =4 LY} dl' 1 i 1 d' [ 92 =3 | =1 1 ]

sonlgansiunguiu Judeuseninadule uillodungaziiuil I5esunnseninanguues
aunAfineanlynianissiudiiusasinizeguuiivendadenlun ldduwiuuy Feain

Wurau191n NSILANUTLTUYDIENTAIAU



=

UM 4.8 uansdnuvazlassaiiswasiaananlauiaiveanlynlagldidulesssuvifainges

Y

wWaanluuwsiwuulagniswagailaanlalualiuaisusznaviiusanladainududu
(a) 0.05 lua, (b) 0.1 lua
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4.2.2.2 wan193nszvautanielasiaievesiaanaulauiniiveanlynlagldidu

Tosssurrfantiadanlaiduninuuaiernsasdiasizrnisiagnuusddndg

91NNMNT 4.9 UAAITINANITIATITRNITEEIVURI8SE D ndvaTaquay
lausaiiusanlenlneldidulosssuranndodenlaidunduuunlaannnisudidawdonlaly

S v Ao [ ! a s al
FAN1TAIFUNUAINULYUYULHR AR AU LU 0.05 Illa hay 0.1 Illa WU ’e]‘igmﬂ‘muaaﬂlﬁﬁm‘m

= v I3 = o ) o = = a = a =3
L@ﬁﬁlllﬂlmu’]ﬂLﬁﬂQULﬂ@U‘USNaﬂ‘UmgL‘U‘Uﬂﬂaﬁu‘iqu "?j\?llﬂ'ﬁl,ﬂ@lNaﬂsﬂaﬂauﬂqﬂﬂu@@ﬂlﬁﬂsﬂu

fisunis 268 = 52.0° Felidnwaglasahradunvunnselnuea (Tetragonal) s¥u1u (211)
na1INHuYINsLANNRTuYasansasnunldlunsuditadenlunuiindnveseynia
AuvonlgaldnuIuiuNIntu FunnlaandIUIUANUUNTUY I T U AANNINTUTINGS
o 1 a cad a & ao 1 9 o o fo) o =
mLmuwaqaymﬂwuaaﬂlmwLﬂmuwmme 20=26.5,33.9%,52.0° uag 62.5° 4
anwuy lassasunnsglauea (Tetragonal) Seuau (110), (101), (211) wag (301) M1UEIGU
PNKANITIATITANITRINUUVRITE D NG Funaiuladnan n1suansseuIuvesfiu
sala I3 = ) a [V & v | :4 1%
gonlwnniauilundngs Wevhnmsiiuaudutuvesansasiuildlunisudigaiionluds
a o § v W =2 a ¢ al a = - o’ |
agiinavinlinisnesiveswdniiusanlsaninizuuiivestaasnluniluis vulnenaves
NNFIATIZANISEEIUUTOISIFLD NG T INaenAd i UNATBINITIATIEIENADIgaNT3AY

aLSﬂWEBULL‘U‘UﬂI@ﬂﬂiWW



(110)

—

—

=

e
|

(301)

Concentration 0.1 M

Intensity (a.u.)

Concentration 0.05 M

2 B(degree)
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JUT 4.9 waaen1sieszinsideauuvesssdiinduesiaquanlaviafivaanlunlagly
vulesssuvnanadanluiduwitvulaenisutigaildanlaluainuaisusenauiiu

ganlennNudUTY 0.05 lua wag 0.1 1ua
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4.2.2.3 wan1saasenaudanlasiaiaiuszvesiaguanlauianiueanlalay
Tdulesssumpandiadanlidumivuudewmaianizesnsunasudunsusaainle
salav

INNANTTIATIEINITILATIAT LTI sUTENaUMEIATiAYS e NI 1U
Wsasudunsnsnanlasalalvesiangnaulausaiiusenlenlngldidulesssumfainige

WasnlJundnvunlaarnudidodenlaluansdeduniaududurangnaiy wu 0.05 lua

a

uaz 0.1 Tua 9nmsialagimuaiauadu 400 - 4000 cm™ 91ARAMTIATIEFIFUR 4.10
PFudssadneiunisgandulusums 1073 em iumsifiniussres C-O Tanfsiing
Anuszvomy O-H nengquiiuszaisuenda (Carboxyl) fisf1unis 1700 cm™ uaz
awnafunisgandulugag 35003845 cm?  TasiAnandunounisuivanminvende
Waenlulpansinllwdluaisusenevlalaauaseanlan (H,0,) ﬁmaﬂmﬁaawuﬁwau%
Waenlildiduiuuy wWelfannsaviujisentuiivesnleslyidsdu uenaind dudn
WusrYes wauduuazueulud (@ammines and amides) Tutsannsunisganiulusmums
3200-3500 cm™ FafudntsznevveadaFonliliduuiinuy Ky mnsanes
maganduluiumisingg fUsinglu aunsotsdld lutunsunisindeenliuus
an i léfinsuaniudsunguilsddutuseninaenlings uay ~CO-H-CO-NH, uanaini
fainisusinganasunisganduesfivesnlediiiumis 429 cm uag 460 cm? Fauduy
las9as9vesiusyseninfiuiueandiau (Sn-0) uanitansiiauagnisilegvadenniniiy

ganlen MnwnisiiANuduturesasawudamuannsunisganauvesiivesnlen

£
1 U =

iurdafeaty Aa 429 cm™ uag 460 cm eannasunisaanfuildnyazidudatuiiies
ey yihlmiasilaindviueyniavesiivesnlyaildwuiinundudoanududuves
A1 UINNNINTY FadnAdoItuNanITILATIZRNI5AUUT0IT @ ONTuazNdn s

avSIAUBLANNIOULUUERINTIA
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O-H amides

Concenfyation 0.05 M

_| Concentration 0.1 M

% Reflectance
|

1
4

4000
3750-
3500-
3250-
3000-
2750-
2500-
2250
2000-
1750
1500
1250-
1000
750
500-
250

Wavenumber (cm -1)

SUN 4.10 wEAINISATIZNDUNTUIAFUNASUVB daNaNlausSaiuaanlenlnelddule

v 9

sssuvRvIngadanluiluminuulneniseataaanldluauansusznaviiuaaniya

AUUTY 0.05 Tua waz 0.1 lua
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4.2.3 nMsfnwnansznuvaattunsiirdululasiiniidwaseauifvesdang

naulausaiusanlaalaslfidulesssuvifainidaildanludumituuy

1N3UT 4.11 uansnmannauleuiafiueenledlasliidulesssuminnide
Waenlfuwiuuu Tnewdsunatlunmsliedululasinddimadini 300 Sad Hunan 2
ur? way 4 urit Tnodinuald narlunisudvaniniiuinvededenlely
Telasiaumesoanlemdunan 12 $alue, udidowdonltluasdsdudunan 24 $alus uas

ANMUIUTUANTAIHY 0.05 lua

| Microwave;300 W, 2 min.

)
-

..\
e
i

L

|

t WQMiAcnrowave 300 W, 4 min.

JUT 4.11 Jaeuanlaviafiveanlunlagldidulesssumpanidadonlyluuivuulag

Tinnaaluiiln 300 W96 (a) 2 W, (b) 4 w1l
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4.2.3.1 wan153nszrandanIuivesiagranlausaniueanlenlaeldidule

a o o " ) ' v Y ¢a & '
ﬁﬁiﬁJ’U'WlQ']ﬂLﬂaL‘l.]aaﬂ1‘llLU‘L!LL&ILLUUﬂ?ﬂﬂﬁaﬂﬁ]‘aﬂiiﬂuaLaﬂﬁliauLL‘UUﬁ@\iﬂiqﬂ

= = o £%4 A < [ <

NNAINT 4.12 wansdadnuaizlassasiaiivunadnuagdnuasnisidugnguy
S o % = Y a a v v a = a |
vosanswsealiannswsenannaulausafiueenlenlagldidulusssumnmnnigewdenly

[ | gy = 1% 1% % A = v =
Juwiwuuiilannniswieulaglinnufoumendululasanlunaiiunnedieiu 2 uiil uay
4wl Fanslinarfuanaeiu wudn lassasiefdeuiadnuesfivesnlediniousguy
Ravivendewdenly Wevnsdunnasiiuii euniavesfiveenledndvuindnyiinig
= I a o B a i 1% & L o Y v a I3
wmdovaguuiinivendadentiaundraluilioweaiu nindiloyninvesiiueanlyd
vduinnsTndiues fanvazdunsinaunizeduuinventadenly dwmaliounia
a 6 g 1 1 U 174 o Y o1 U 1 ;74 a 1 1
voafiueenleatuluvneosdnseniraduleyilidesinsenitaduledvuauas susialdl
Wiy aandwinsiianaitunishinuseusisraululasinazdwalioyninveaiiu
sonlwadvuadnas wadnsidsudnvazainnsinaniduninuuadnunay 1n1zeguy

a o = - ' =y 44' = 1y v ! o Y A
Aaviiveudadenly swduduleveudewdenlenldilunduuulidnwasadieiinig
vgneiiinaniy auvhlbiduleveatawfenlulinisdouriiuauniu daievasinessning
dulevinldiowmdnas Feeradunaunanidedenlasinnsgedulalasiauleseanladlu
3 o a 4‘ I 1 = b4 ¥ b4 v dll A
TURBUNTINANNEZRIARIvBLEaUFenlY Tudwailinislianuseumenaulalasiini

WinLNTuenvdanalasias1wadaiaen e nl g dunduuy
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UM 4.12 uansdnvazlassairsvasiaauaulauianiueanlealagldidulosssuvifanige

wWasnluuwivuulaglinidsluia 300 994 (a) 2 wi, (b) 4 Ul
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4.2.3.2 wan153nszvautanielasiaisvasiaanaulauiniiveanlyalaglddule

a o o ) ' v A a ¢ =1 v o o
ﬁﬁiﬁJ’U'Wlﬁ]']ﬂLﬂaLUaaﬂl‘ULUULLQJLLU‘Uﬂ'JEJLﬂiaﬂ')Lﬂi']Z‘Viﬂ']iLaEJ'JLUUi\?ﬁL'éJﬂ‘U

NN 4.13 UARIINANTITIATIZANTIREBUUIe BN duasianlausa
ueentyalagldidulosssuviianitedonly Mwseulaeisnsiianlunislvaiu

Lulasfwansineiu 2 i wae 4 wil legdsnistimuseumendululasnnudl Using

£%
% a

dyarunsideivuvesdowdenleildiduuduuuiidumislssana 20 = 20-30° Fady

v
(% a

druanunisiaedtuueed alanine, serine, amino acids Fadudrulsenevvesdadenlan

T dusdwuy Mntufnwinaainnisindyaiaibeauy nuidissuiundnveseyniaiu

panlad (Sn0,) Ansiinuandulusunus 260 = 52.05° Falidnwuslassadraduiuunnsy

Tnuea (Tetragohal) s¥unu (211) a0ty vimsisalunislirauausounelulasian

o I

Jemanuszuurewanayafiveonleni funds 26 = 52.05° Fuiredneiwseuladag

]
I =

[d = a . £ < A v = [ [ ¥ o o a
Jundnfideutradnuinauieuiidnuusilunsedugiu dungladndi Wevihnsdiunaily
v Y w = Y & Y v ad ¢ a <
nstinuseusmgatululasanudidyyiunsidevumeSdidnduesouniaiiueanlys
v = Y v P N =, W = a fu < T I
galauidutey Sududiuadiinisnesivewaniiveanlendlivuisiiney viseunuazlald
e Waunarlunistinuiaumeniululasion lngataagulain ndimuauseuain

adululasynealiiiesnelunefvssndnfiusan lwa liniLLINTY

300 W 4 min.
&
=
2
£
o
=
300 W 2 min.
T T T T T T T T ¥ T ! 1
20 30 40 50 60 70 80

20 (degree)

JUN 4.13 uanensieszvinsideiuuvasTaguaslauiaiiveanladlasldidule

sssurrfandadanlaiduminuulaeliniasluda 300 Ya6 2 Wl waz 4 Ui
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4.2.3.3 an153Asenlasaaianussvasiaguanlauianiueanlualagldidule

sysuvfaniBadenluluwivuuiewmaiiayFeimunesudunsisaaunlnsalal

PNWANTIATIEVINTILATIETITUsEYasanTUTENUMEmATAYS NI
wosudunsisnanlnsalatvesianuanleuiafiueenledlasltidulsssumAainideden
Tduusiwuuiildanlinarlunslvedululasnviiunndisty 2 uidl wag 4 il 9nnsia
Tnetvuaiasadu 400 — 4000 cm™ A1nHaNITIATIERs JUT .14 Flduistsadnesuy
nsganduludiumis 1540-2125 cm™ Wunsiiaiuszueniiuazieulud (@mmines and
amides) Fadudrudsznevvendoldenlinléifuwiuuy srudeiunsnisgandud
Fwans 1530 et i un1siAniuszues CN stretching/NH bonding modes 1ilasainiie

o &

Wasnlunldduwinvuduansdunsd Jeendudesinluntluansusenavudlalasiaules
aanlad (H0,) Welvifinuszveny O-H nienguiusza1suanTa (Carboxyl) wiiali
a1unsaviugnsenfuiueenledlia @y Fausinganesunisaanaulugae 3500-3845
cm ™ vinliuewlaan psuandsudseysendnseulully wag ~CO-N-CO-N*H, lutunay
Yaansusvanmiiveadadanlvlaga1anudunsauaza1ardinanalas9as19ua i
Waenlanldiduuduuy Snvisdamudunisnisganiuisiunis 875 cm™ Milunsiiniuse
YBIAI5UBULURA (carbonate minerals) MTudrulsenauvasvadanlufioradeluuniuLde
= |4:1' Y @ 1 % gj o dl' = [
Wasnlunlddundnuy Tng9190nA19u191nTURBUN1TYIIANAze I aUdanlunau
ulgau wenanlddinsunnganasunisganiuvesiueanlanidiumug 429 cm?
waz 460 cm™? FudulaTiadn e TenIIAUAUeanTLaY (Sn-0) LAAININISHAALAZNNS
flegveseunipiiveanlen azmuldnanasunsganfuddnvasiutaniy wandliiug
auNAYRITILEBNlYANIUIULTINIINTY denalidnuaueyn1AreIiuanlgaNnIzuLRIveY
A a A Y | a o a -4 P ) A v a &
Worldon g dunluuuiI I URLLINTU @8ARaaINUNaT bAINAITILATILIANIS

Beunressididnd wazndesganssmiBlanasaunuudensin
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e —
O-H amides and amides Sn-(
P 2 carbonate miherals
v i
e
© 300 W 4 min
i)
|9
LU
vl
()]
o
P
T I T I T l T ] T l T I T I T ] T I T l T ] T I T 1 T I L]
(=] o o o = o Q Q o o o o o (=] o (=]
o [=) [Te] o [Te] o wn o wn o Ty ) (=] [Te] o [Te]
o P~ w o o I~ Ty) o o M~ wn o o M~ Tp) ™~
h- o (32 ] [32] o o™ o (o] o (oY} ) o — — =
N

Wavenumber (cm )

JUT 4.14 uanen1siasziidunssaanasuvesiaanaulauiaiiveanlealaeldidule

q

sssuvRvnaaanluiluminuulagliniadlwia 300 906 2 Wil waz 4 Ul
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4.2.4 nsfnwnansznuvasiadlniivesadulalasianindwadaautivesisn

naulausaiusanlaalaslfidulesssuvifainidaildanludumituuy

91NNNA 4.15 uansnniaguaulsusaiiueenlenlagldidulesssuifiain

Warldenluwiwuy Inawdsunidniivesndululasiniisigeluda 300 Sad 19y

¥
A a

Araaludn 450 Tod laenivuali viailunisusSvan ininuilvewielasntalu
Talasiaumaseanlamdunan 12 1lus, wrdawdanlvluansasduduian 24 92lus wag

AMUILTUEISAIAY 0.05 1ua wazkalunstinnaalnin 2 wid

— 5 % |,
Microwave, 450 W, Zmin..

sUf 4.15 Yaanaulausaiussnlaalaelddulesssuvrfannidadanladuwivuulae 1

u 9

aavlalasianiinnds (a) 300 Sad, (b) 450 Sad
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4.2.4.1 Han15ATIRaNUANINNURvesTaguaNlausatiuaanlyalasldidule

a o o | & ' v v ¢a & '
ﬁﬁill’lﬂﬂﬁ]']ﬂLfJaL'lJaaﬂ1°llL‘lJuLL3JLLUUﬂ?ﬂﬂaaﬂ'ﬂla‘WiiﬂuaLaﬂﬂﬁauLL‘U‘Uﬁa\iﬂiqﬂ

1NN 4.16 WUt uansiednyuglassaieivuindnuasdnvnensg
Hugnsuvesansiildanmiswioutannaslevinfiuesnladlagldidulosssuvdanide
Waenluluwiuuu Inegdunaldainninaie SEM uansislassasavesiannanlausniiu
oonladlaslfidulusssurAnndodenlufuuiwuuildnnmanienlneisnisliai
Yousnoadululasimdisnstu 300 Yad wag 450 Tad Femsliauieusnoadulilasi
wui1 Tassadefifvunnidnvesiivesnledinnndeusieguuinvedewdenld ie iy

1 a a = P T [ [ < 1 P o a o w 1 14
@QUUU?L’JNN’W@QLS@LU@@?\I% LUDNINITAINHILLIRUIN LMBVI']ﬂ’]ﬁLWiJﬂ’]ﬁQIWﬂW PRNAGING

[ a

¢ a a = = 1 o PN & 44'
mmuawmmamuaaﬂimwLmzmnmmmmLaaLUaaﬂlwmmuqummu NSIAYD]

[

Aaslviinanduaginlianuieunintuninluaie Jedanalidiuiueyninvesiiu

panladn1zuuRIvaLdaaanuiuuINTUAI8 WananUuiIaalnd AT uSidnans

[ v

1l 1 1 v a & ¥ ~ = 1Al o Y 1
dnwazvanaulgwardeIsErnLduleMdulassassventerldanteNurunladuldwuy

dnee dunnlaain Weamddwdrfiiuuindu ¥inlidesineseuinaduledosas unedlrud

9

D

[ [ 1 =~ [y =2 a & al v & 1 1% LY ¥ PN
anwaztlunnueulesniu i’luﬂﬁawﬂﬁﬂﬂuaaﬂlsﬁﬂ%Lﬂ?%@]’JLUUﬂ@NﬂBUSQL‘UWIU BNUN

| | ' 1] A v & o A ' P = & A o w
9971958 0d@uly auldnwuzidudiindoussrinadulodadunaniainnisiiunaa b



80

sUN 4.16 wansanuvuzlasead1evaidaanaulausaiiusanlanlngldidulesssusifann

v 9

wadenlyduwsinuulneldnaululasniiiigs (a) 300 5ad, (b) 450 Sad
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4.2.4.2 wansAsiziantiniglasaiiavasiaananlausadiveanlynlae gy

Tosssurrfantiadanlaiduninuufiensasdmsnzinisiaeuussadndg

NN 4.17 WANINANITIATIZANSIEERUUMIBSEndvasiaglausaiiu
sanlenlaglgaulesssurfandawdsnly AlaanniswseulneiSnisliainusaumeniu

TulasnAkanA9iY 300 T08 wag 450 194 nan1stianuseuslrsadululasmn wulind

mstiandnaynIrvesiveanles (Sn0,) fidunis 26 = 52.05° Felldnwarlassasrau
wuuaszlnuea (Tetragonal) s3u1U (211) Feeynefiwssuiiawinaeudiadnuinsiuded

[ I [ gj [ a o w A Y =

aﬂﬂmgl,ﬂu@am‘i']u fmﬂuummiLWMﬂWaQIWﬁﬂmaﬂﬂauluIﬂiLW\IEJWNWU?%MUGUENN&ﬂ
a sa o A U A 9 o o & v a & ea

@Hﬂqﬂ%u@@ﬂleﬂﬂmm']LL‘ViuflLﬂEnﬂ‘Uﬂ@ 20 = 52.05 AFEEIUNTTEAYILUUVDITIA LD NYU

AnuduTuandesuazisuaziinisusing ssuivvesouniafiveanlamiuuiniu udazly

o q./r-ﬁ" IS

< Y 1 qyl [ = 1 1 { Y = a I3
Falauannndadusiivdinnawesnaululasndmanenisneniveswaniiueenlgmiil

[

AasininvesraululasnfinuIndu Anusoutuazlaiiuuintudwalynisnediveanan

a cd a X
uponlaniiiuauy

@11)

300 W 4 min.

Intensity (a.u.)

300 W 2 min.

" T y T T T T T i T v 1
20 30 40 50 60 70 80
26 (degree)

sUN 4.17 wan9n153AsIRNISLagUNYddanaulausSafiusanlunlneldiduley

u q

sssuvnvngaldanluilumtinuulneliadululasianiinids 300 Jad wag 450 Jad
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4.2.4.3 wan1sAaszaudanilasaisiuszvesiaguanlauianiueanlydlay
hdulesssuvfanidadenlidusinuudiemaiinyizesnsunasudunsusaailn
Tnsdladl

s

NNANITIATIEYINILATIAT 1T NSV IaTUTENBUAIEMATI AN ST S
nsuanesudursnsnaUnlasalal vesiaguaulsusaiiueenlenlasldidulesssusifain
Howdenluiduwiuvuivhnsdaasesiseisnslisidsliin 300 $ad uaz 450 Sasf 19y
nan 2 uii fananslusud 4.18 Inganmsielasimusauaduil 4000-400 cm! fn1siia
awnndunisganaulusunie 3500-3845 cm™ Fadunnsiinfiuszveany O-H niengy
WuszASuanda (Carboxyl) Wisliiueenlesaunsaiansinizuuinveudowdenlafild
Huwinvy Wesnnidedenlinldifuusduvuiduarssimandunid lnensiinveangs
Wuszasuenda (Carboxyl) Wushdelunaiinufiiewesiiueenlediuideidonlyily
Huwiuuy wenaniiisumisnisgandu 1530 cm™ way 1234 cm Hunisifariusyes
CN stretching/NH bonding modes Miluduyseneuveadedenlafiléiduuiuuy suds
msiinfiiuszrasuoniuuazuanlun (ammines and amides) Tusuntn1sganauy91875-
2500 e wanandussEinInAnuszuns -0 feglubaidonldilduuniuuy Tnowy
Fumsnsgandudl 1073 cm? Fsnnam e ngiansatsdin Sniswaniudeulse
sewinsuanluiily uag ~CO-N-CON*H, ludunauraanisusvanmivaadondenld
uenaniiaiinisuansisanianiunsganduiidumisavedu 429 cm? way 466 cm! @9
wansiafusEIa9 Sn=0 uenaintiu evhnadudidslunisliadulalasion fumia
pAufinsuansdsiulasiuoanlefinafindy wansisnsiafvesminfiusenled Tay
MnuamITnTifemadanslSesunuarladudunsusaanlnsalaliu denndasiy

NaTIlAINMTIATIERNIIRSNUUTITIEDNT UandedganssAlBanAsouluUaINTIn
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% Reflectance

2750
2500
1750
1500
1250
1000
750
500
250

4000
3750
3500
3250
3000
2250
2000

Wavenumber (cm_l)

UM 4.18 uanen1saassiduniseanniuvesiaaunaulaviniiveanlualaeldidule

sssuvrRndadaniyidunivuulaeliaaulalasianiinids 300 Yad waz 450 Yad
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4.3 msdnuiaguanlausaiiveanladlagldvisuluaisuauiumivuy

4.3.1 nsAnwnansznuvasmadlniivasaaulalasianindwadaautfvasisn

naulausaiiusanlanlaeldviouluarsuaudumaituu

n3UN 4.19 uansnnFannaulauiafiveenledlngldvieuluasueswidu
wiihuu tneasundalnidivesrdululasninidddnida 300 Tad waz 450 Tas e
Avuale nanlunisusuaniniivewisuluaisuaudual 40 U wag ANULTUTUYDY

a1569du 0.05 Wa wag narlunisiiedululasnvidunal 4 ui

}ﬁ}i{li‘g’crowave 300 W. 4 min.

Microwave 450 W & Toin

JUT 4.19 Faauanlaviafiveanladlaeldiourluarsveuluusivuulnelingu

Talastaniinnds (a) 300 5ad, (b) 450 Sad
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4.3.1.1. van15aTsautAnIsuitvesliaanaulauiniueanlualagldviaunly

arsusuluminuudlendesganssAudianasausuudasnsa

d' = o v a{'d @ [ I

NAINT 4.20 wansiadnuaizlassasisilivunadnuazdnuasnsidugngy

P P a ) a a v ¢ & | A v

vosanseseulaanmswisaiagnatlauiaiiveanlenlagldvieuilunsveuluuduuunla

1nN5eseulaeAsnstrausaumenaululas N ISwAnNEA19TY 300 196 wag 450

T FansTiaan vy wud synievesiiveenleniinisinzeguuiavesioullunisueu
Ql' [V A~S 1 a v [~ | a e‘q' val

M Jusdiuuy ddnvasdunsinay udvuinveseuniafiveenlednliivainnalgauin

LANAAY BUAnINNsTINFIiuewelaunIAfiveenlefuInNninfaginrag UL e Yiow

Tupsveuildduwinuy Wevhnsdunnasdiui eyniavesiiveenlefiinisinizegusiin

a |

Avesioulumsusuilfdunivuuindsdu wazduiueyniefiveenleadlsnuauiauin

-3 <

U wardvuindnad Wernisiiuiiadndn wazilomdslwiiuunduazyinliiinainu

'
a a a

Souniunnntuiadudsns mildeyniefiveenlediniznusnaiivesmiouiluaisuounld
< 1 A A X o = & Ao w v & =2

Jusduuliin g9t 31nn1sAuINmvuInTewaniy iidelnidl 300 Tad vuinvendn
W dendszanas 2.4 - 2.7 wiluues @unmasl 450 06 suavemanuudaUssana 2.8

~ 2.3 WlURs uenaInd Fanudn veunlumisusuiidnwuzidunidiy Fadunauiainaliny

v A

WANFIIN19lASIAS19vesRusanlan NulanniIstAusaussadululasINluf1§9N

LANANIAY
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sUT 4.20 nansdneuzlaseadrvvasiaanaulausafivsanlanlaeldviaunluatsuaudu

v 9

usinuulneliaaululasniinias (a) 300 3ad, (b) 450 Sad
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4.3.1.2 nan15eseviandanielaseairavasiaanaylaviaiiueanlunlaglivia

UUAIS UL UL UUAELATD9ILATIZINIT REAUUS T NG

ANAM 4.21 WEARINANTIATIERNTAsIULTe S Endreasilaann
mawssvesianuaulauinfiuoenludlngvieuluafusud uwiuuuildannanisulae
FBnslinnusouseadululasamiiunndeiudl 300 a6 uag 450 Fad wudi waannsia
fyaansasauunudl Snsiassuiveesiiveenleiiniunls 20=26.2°, 34.0° uax
52.0° Fapseulpseadrsvesiiueanleduuumnselnuea (Tetragohal) szuau (110), (101)
waz (211) mudsu wenantudmussuvvestounluaiveuildidusduuuiidiumda
S¥UIU (002) ?'EiﬂLﬂué@mﬂcumiLgmwmawiamium%mu uanawmﬁﬁawuawaLﬁmﬁmmwm
nsideauuvesiiaiia Faduinsafierneglunss viumsduasgiviouTuasueud
FWUUS 44.5° LAz 51.8° AUEIWU mﬂmamﬁLﬂiﬂgﬁﬁ@@ﬂMﬂﬂiLgaaLuwuaa%’ﬂ?uﬁﬂeﬁ%
wilddanauin synavesiiusenladiimsssdiuvieuluadveuiliidumiuuy wWevins

a o w 2 [ & a el v X Y &
LW@JﬂWﬁQ?J@QﬂﬁUI@JIﬂ?L’JW ElJuiUWmﬂ']’iLaEJ'JLUu“UENV]u@E]ﬂl‘U@Mﬂ')']llLGUMN’]ﬂ“U‘L! LL’ﬁ@\‘iIVTWm

= a a ] - o v i o a X v
famsiineuniafiveenlennfivy esinnasnuauiowanedulilasiviiagudwal

] (%
s

NMsnNaMYUBINANTuaaN wANATY

—_—
o
=y
L
—

(101)

(211)

300 w 4 min

Intensity{a.u)

L 450 w 4 min

T T T : H ! . . ! vl
20 30 40 50 60 70 80
20(degree)

sU 4.21 LEAAINITIATIZINISLAEV UV aaNaNlauSaiusanladlagldvioulu

u 9

asusutdunivuulagliraululasianiinias 300 996 waz 450 Ia6
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4.3.1.3 uan1sasiziautinilassairieiussvasiaguanlauiaiiveanlanlag

TiviaunluansuausinuufematiayiFesnsnunasudunsisaanlnsalad

PNNANTIATIEVINTTIIATIETeTUsErRtanTUsENUMEmATAYS NI
wosudursismanlnsalativesanuanleuiafiuoonledlagliveulunusuduwsiuuud
Iannladulalasiiuandaeiu 300 fnd waz 450 Fod Wusiu 9nnsinlaeivuniay
AAu 400 - 4000 crm? Fauandluguil 4.22 fimsinarunasunisganaulusiummis 3740 cm
! Hansiieiuszueamy] O-H videnguiiuszauenda (carboxylic group) BgULARYEMIBW

Tupsvaunldidunuy InainainnisusuaninRivesviounluasuaunautunldiduwduu

o w 1 =

Mgdsnisuuaninianiggilelau vinliiufsdnwaedAyvenauiuszaisuandana

a a

Anvuuinainivemsuilumsuounladunluuunieudunisiaufisennisdusaiu

—

sewivesmeneseendiauiuegme Ut fuay uenaniddinsaunaiunmaganduyeii
wazneuluie fiAnandunsunisuivaniwamdunsa-ans lutuneuninniow
ansusgneufiuoenled Tusuminisgandu 1618 cm™ uenainil Ssuanaiunisganduy
yosfiusanlediidiums 400-500 cm! finsiAnlassaiefusyuesfiuiusondiay (Sn-0)
uonani evhnisidslnih dunisnsganduveseyniafivesnleddiafissnniy uans
Tifiuia nsreumvemdnoyniafiueenleddiaty wigsliaunsawdeulasasaduiu
oonludianysaiuvy faifunsdnndu SnOH muauns? 4.1 wag 4.2 FseanisiiAsesisie
watlayisesnsunesudunsiieanlasalalasnnaediu Nan15ATIERIINNGBY

aNSIAUBLANATOULUUABINTINLAZLASOIIATIZANTTE NV E NG

SnCl, 44NH,OH —> Sn(OH), +4NH, Cl 4.1)
Sn(OH), — SnO, + 2H,0 (4.2)



HO Sn-C

300 W 4 min

300 W 6 min

% Reflectance

4000

3750 —
3500 —
3250 —
3000 —
2750
2500
2250 o
2000 A
1750 —
1500 —

Wavenumber (cm_l)

SUN 4.22 wdnan15A1HdUNssnaUnnsuvadannaulausafiveanlunlnaly

Y 9

visunluansuauduminuulaslinaululasianiinnds 300 96 was 450 In6

89



90

4.3.2 nM3fn¥mansznuvasguuiinsfidinanaauifvesiagnanlausaiu

sanlaalasldviourluarsuauituminuu

913U 4.23 uamanmianuanleviafiuenleslagldviounlunsueuiy
WU T,maLuﬁauqmugﬁmiLmﬁqmmﬁ 400 eAwALTeE WAy 700 serwalded u
van 4 Flus Tnefvuali Lanlunsuiuanmiavesieulupisvewduna 40 wiil waz
AU sasiady 0.05 Tua Mdslnivesadululasnndisdslui 300 nd way

nanlunistiraululasiidunan 4 ud

a

U 4.23 Faguanlauiafiveanledlagldviounluasuauluwivuulngigamgl

Y

N3ENT (a) 400 aeFLwaLEed, (b) 700 asrLTaLTeE
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4.3.2.1 nan15AszvRNUANISLRvasTagraulauianiuaanlunlagldviouily

arsusuluminuudlendesganssAudianasausuudasnsa

NN 4.24 wansiadnuazlassaimiiivwindnuaranvasnsdugngy
Yasasfwseuldannseseuiaguaulausafivesnledlagldviouluaisuewduuduuuild
nnswseulaglinamginwansanaiui 400 esrwalliva uay 700 sarwaided Wuan

4 4319 wud Teunievesfiuesnlynuivdiuiiniveguuinninvewisunluasueunlddu

1 v

wilkuy auniAvesiivesnleatvualiviiu willidnvausdunsinausdieiu Jsiiveenlyad
v v < -4 = =3 ! a s ' Aa o

nsimeiiudunguiousuialng Wedungawiuil Sveuiluaiiveuuisdiuniianyuy

Annssawidniveyniafiueenledauiidnuazadieduiluiederiu antuviinisiiy

a ! a s 3 A | a ~
BAEUUNUNTILNN WU'J’]@UJYW]V]U@@ﬂi"?]@lleﬂuqﬂLaﬂaﬂ L@J@LV]UUﬂUV]QfMVQ@J 400 DALY YH

9 Y 9
I

wainnsunguiuendu fdnvauzidumiioudu Wenszats visdulidnvauzdunss
nay wavieunluarsueuldduutuuy Jdnwurvineenainiu ausuuliiianwausidudu

widdiunsduifioynipvesfiuesnlesiniveguiaiRiveisw luaisueu Jauanliliiuin

a 1

gauugiinisidwasolassaivesiusenleiuazlassaiiwewisuiluasuau lngoynia

9 Y

Yasfiusanlenivuiaanad uaviaurluasuaunduilassasisursdruimdsly 1eann

6

samgdnguiuldirbiviewlunisveunaiaduiidn Fwaenadesiunantiainnisinsy

NSLAEUUYRISIFDND
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sUT 4.24 nansdneuzlaseadvvasiaanaulausaiiuaanlanlaeldvaurluarfuaudy

v 9

wlnuulaglvigamaiinisind (a) 400 asAwalBed, (b) 700 deALTALTYE
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4.3.2.2 nan15anszvautanlasiaivasisanaulauiaiiveanlualagldvie

UUAS U LT UL UUAIELASDIILATIZRNSEEUUS BN

NN 4.25 uansHannTeinsaeuuiesdidndues Tanuaylausa
fusenladlagliviouTuasvouiuwivuuildnnnswielagliguvnfiiuandaiu
400 peAgALdEd wag 700 deAN@alEd NAIINN1TIA WU dTsuiundnveteyniaiiy
vonled (5n0,) Ensidandntulutaguasulufivoonlediifiszuiuiu (110), (200), (211)

ANaIRU Fenseiulassasnsvesiiueenleniuumnszlnuea (Tetragohal) nUUTIINITLAL

£
= =

guniinIsin 9enudn sunavesiiueanlyddnisiialundnuiniu lnedaunglaain n1s

dyaunisiiandnvetenniaiiueanleaNiiiuuiniu ndyyiunisiindyyiuiay

< g o

TRRULINTY Uay TAugainniy Fawanadmusyuiuvesiuesnleni (110), (200), (211),

v a @ 6 1w

(002), (301) MIUEIFU NANITIATIZUNITESIUUVDITIFDNT 2zNUT Taanaulauaiiu

sonlgalagldvieunlumsveudunivuy danuduninigeu Wevinisingamgiilunis

WA Lansliiuln n1sfinaantasiinanan1snemvlasIdsNnanviueanlenivuin

9 Y
¥

‘dnas Tuivenngiivigiiu Sidwalviiueenlealdeulasiasidliauysaluuulaungau

(110)

(200)

Intensity(a.u)

400 °C

T T v T T T T T v T T 1
20 30 40 50 60 70 80

20(degree)

sU 4.25 LAAINITIATIZINISLAEV UV aaNaNlauSaiusanladlaaldvioulu

u 9

arsuauluwinuulaglfaaumainiswnil 400 asrwalded uas 700 asALwaIdes
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4.3.2.3 namsaszvaudinilaseaieiussvasTagnaulauiaiiueenlanlag

Tviaunluansuausinuudemaliayiesnsiunasudunsisaanlnsalad

PNWANTIATIEVINTILATIETITUsEYasanTUTENUMEmATAYS NI
wosudursismanlnsalativesTanuanlauiafiuoonledlagliviounlunfuouduuiuuui
Ieanlgaumgiinisiunnsafui 400 ssruwaldoa uaz 700 ssmisaidoa Wudu 910
Myinlaefmunavadu 400 - 4000 cm! AMARANTAATIZRRITUR 4.26 TmsiAnannsy
n3ganduludumis 3625 cm? Fensiiniuszueeny O-H uienguituszaifuenda
(carboxylic group) agiuuﬁaﬁuawiauﬂum%Uauﬁ'ﬁﬂmwu Tagiinannsusuan mAIves

viounluarsueunauiuldiduuntduuy Are3snsusuaniniasiegilelau vinliduds

v
S a =

anvazdidyvoinquiuszaIsuandanfiiatuuiaimivewisuluasusuntddy
LKUUNEBNAUNSANUAAZEIN13UAI TUTENINOLABUTDIDONTLAUAUDLABNVDIANTUDY
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Tin oxide-based nanostructures synthesized

via microwave-assisted route using CNTs as scaffolds.
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SnO» nanostructures were synthesized via microwave-assisted process using SnCls-5H>O as a starting precursor
and UV-treated carbon nanotubes (CNTs) as scaffolds. The irradiation power during microwave heating was varied in the
range of 300-700 W. The structural properties, morphologies and chemical bonding of as-synthesized samples were
characterized by X-ray diffraction (XRD), scanning electron microscope (SEM), and Raman spectroscopy. XRD results
indicate that the composites are the mixture of two phases including SnO, and CNTs. SEM images indicate that the
formation, size and amount of SnO; nanostructures fabricated on CNT surfaces in the composite is highly influenced by

microwave irradiation power.

Keywords: SnO,, Carbon nanotubes, Microwave-assisted method.

1. INTRODUCTION

Tin dioxide is typically n-type semiconductor material
with wide band gap character (~ 3.6 eV at room
temperature) and relatively low electrical resistivity. It has
been used in various applications such as gas sensor [1],
Lithium-lon battery [2], Ink-jet printing [3] etc. The
nanostructures of tin dioxide have great potential in wide
applications due to its higher active surface area.
Meanwhile since discovery in 1991 by Iijima, carbon
nanotubes (CNTs) have drawn great attentions from
scientists and technologists due to exceptional physical
properties, CNTs have been commingled various of
applications including biosensor, supercapacitor, hydrogen
storage, field emission device and effective electrical
electrode. Regarding distinguished properties of these two
materials, it is convinced that the composites between
CNTs and SnO, can be promised as novel multi-functional
materials for diversity of applications.

The methods to effectively synthesize SnO,/CNT
nanocomposites have been recently reported including wet
chemistry [4], sol-gel [5], gas-phase [6], Microwave-
assisted technique [7]. With considerable advantages such
as quick, uniform and energy efficient heating method,
microwave irradiation has been extensively used to
synthesize various kinds of functional materials such as
nanoparticles [8] and porous materials [9].

In this work, we have the potential of microwave
irradiation to synthesize SnO»/CNT nanocomposites via a
sol mixture of SnCly*5H,O and MWCNTs. Effects of
irradiation power and heating time on the physical
structures of as-prepared composites were extensively
investigated and discussed by mean of XRD, SEM and
Raman spectroscopy.

2. EXPERIMENT

2.1 Methods

A 0.05 M solution of tin chloride dissolved in deionized
water 100 ml. Then ammonia solution was added to the
under stirring until pH of the solution reached 7-9. The
resulting precipitate was washed using deionized water
until no chlorine ions was remained. MWCNTs with

diameter about 20-50 nm synthesized by an infusion
chemical vapor deposition was added in stock solution. The
details of MWCNTSs synthesis were described elsewhere
[10]. A certain amount of MWCNTs was treated under
Ultraviolet-Ozone curement for 40 min to modify their
surfaces. The precursor solution was mixed with treated
MWCNTs in ultrasonic bath for 30 min, and then stirred at
150 °C for 3 h. After that, the mixture was heated using a
household microwave with various irradiation powers of
300 W, 450 W and 700 W for 2, 4, 6 and 8 min. Finally, as-
irradiated products were dried at 150 °C for 4 h.

2.2 Characterizations

The structural  properties of as-prepared
composites were characterized by XRD (PANalytical
X’Pert PRO) operated at 40 kV and 30 mA using Cu-Ka
radiation over a 26 from 20 to 80° with step of 0.02°%sec.
The size, shape and structure of the particles were observed
by SEM (JEOL JSM-6510) operated at 5 kV. Chemical
bonding of powders was characterized by Raman
spectroscopy (Thermo Scientific DXR Raman Microscope
with 532 nm DPSS laser) carried out in the range of 800-
2000 cm™.

3. RESULTS AND DISCUSSIONS

The morphologies of samples are monitored by SEM.
Fig. 1 shows SEM images of the SnO/MWCNT
nanocomposites synthesized via microwave irradiation at
(a) 450 W and (b) 700 W, respectively. By microwave-
assisted technique, SnO; nanostructures can be formed and
coated on CNT surfaces. It can be noticed that SnO,
nanoparticles are attached on the surface of CNT and the
amount of the particles increases with the increase of
irradiation power. The sample prepared at 700 W show
better dispersibility and size uniformity with less particle
agglomeration than the composite prepared at 450 W. This
feature may be due to the sufficient energy supplied by
higher power of microwave irradiation inducing the better
nucleation of the SnO; particles.

© 2014 Thai Physics Society
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FIGURE 1 SEM images of SnO,/MWCNT nanocomposites
prepared by microwave irradiation at (a) 450 W and
(b) 700 W.

Figure 1 show XRD patterns of the as-synthesized
SnO./CNT composites prepared by microwave-assisted
method at (a) 300 W, (b) 450 W and (c) 700 W. The
irradiation time was varied at 4, 6 and 8 min for each
designated irradiation power. For all images, the diffraction
peaks situated at 26=26.2°, 34.0° and 52.05° correspond to
(110), (101) and (211) orientation planes of SnO,. In
addition, the diffraction peak located at 20=26.2° which is
overlapped to (110) orientation of SnO, is also assigned to
(002) d-spacing of the CNTs [11, 12]. The other noticeable
peak positioned at 20=44.5" is attributed to the FCC
structure of Nickel catalyst in CNTs synthesis process.
From XRD results, it is suggested that as-prepared
composite is mixtures of two phases of SnO, and
MWCNTs. The average crystallite size of SnO;
nanoparticles attached to MWCNTSs can be calculated from
the full-width at half maximum (FWHM) of distinct (110)
peak by Scherrer’s equation expressed as follows:

oo 094 o

P cosd

As illustrated in Figure 3, the calculated average size of
SnO; nanoparticles are found to be 2.4-2.7 nm, 2.4-2.8 nm
and 2.8-3.5 nm for the samples synthesized with
microwave irradiation power of 300 W, 450 W and 700 W,
respectively. It is also acknowledged that the particle size
of SnO; increases with increasing irradiation power due to
greater amount of thermal energy provided in the system
during synthesis. However, it is suggested from XRD
patterns that the microwave irradiation time has less
significant influence on the particle size of SnO> than the
irradiation power.

@

(110)

101)

(
{

300 w 8 min

=
% 300 w 6 min
3 N
= | "
=
2 =
300 w 4 min
I T T T T T 1
20 30 40 50 60 70 80
20(degree)
(b)

_(110)

g 8

450 w 8 min

3
o m 450 w 6 min
=
=4
2
=
450 w 4 min
k T T T T T 1
20 30 40 50 60 70 80
26(degree)
s ©
[ s E‘
= o
700 w 8 min
=
s
=
‘B
53
g7 W 700 w 6 min
700 w 4 min

b d
20 30 40 50 60 70 80
20(degree)

FIGURE 2 XRD patterns of SnO,/CNTs nanocomposites
synthesized by microwave irradiation with power of (a) 300
W (b) 450 W (c) 700 W.

324

304

2

2.9

284

2.7

average size of SnO_ (nm)

26 J—

25 T T T T T
300 400 500 600 700

irradiation power (watt)

FIGURE 3 Average size of SnO; nanoparticles decorated
on CNT surface synthesized at various irradiation powers.



N.Sawangjit et al.

1 D-band (@)
G-band
300 w 8 min
g
=
3
g A
A 300 w 6 min
=
7]
=
3 |
£ 300 w 4 min
T ¥ T ¥ T ¥ T T T 1
800 1000 1200 1400 1600 1800 2000
Raman Shift (cm™)
D-band b
G-band ®)
450 w 8 min
0]
c
S
£ M 450 w 6 min
S \ A
£ 7 gl e . 2 el g
3 "o
£ A
= / | l\
/ u \ 450 w 4 min
MWMM“"’/ A A P
y T ' T - T v T T T J 1
800 1000 1200 1400 1600 1800 2000
Raman Shift (cm )
()
D-band
G-band
700 w 8 min
0
=
5
s v 700 w 6 min
5 TN
2
2 A 3
/ \ / \ 700 w 4 min
fj I—— b
: ; : ; : )
800 1000 1200 1400 1600 1800 2000

Raman Shift (cm ‘]

FIGURE 4 Raman spectra of SnO,/CNTs nanocomposites
synthesized by microwave irradiation with power of (a) 300
W, (b) 450 W and (c) 700 W.

The Raman spectra of SnO/MWCNTSs composites
synthesized with different microwave irradiation of 300 W,
450 W and 700 W are illustrated in Fig. 4 (a), (b) and (c),
respectively. The band positioned at around 1350 cm™ and
1585 cm’! are assigned to typical D-band and G-band of
CNTs.

237

4. CONCLUSION

In summary, SnO,/CNT nanocomposites have been
successfully synthesized by microwave-assisted method.
SEM images results inform that SnO, nanostructures are
attached on the surface of CNT and the amount of SnO;
nanostructures and dispersibility of CNT increase with the
increase of irradiation power. The XRD and Raman results
exhibited that as-prepared composites are composed of two
phases of MWCNTSs and SnO». It is also suggested that, the
good formation of SnO» nanostructures can be obtained by
microwave irradiation at higher power.
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Abstract. SnO,/CNT nanocomposites were synthesized via microwave-assisted process using
SnCly-5H,0 as a starting precursor and UV-treated multi-wall carbon nanotubes (MWCNTSs) as
scaffolds. The concentration of SnCls was varied in the range of 0.01-0.05 M. Effect of precursor
concentration on their physical properties and micro structural morphology were investigated by X-
ray diffraction (XRD) and scanning electron microscope (SEM). XRD results indicate that the as-
synthesized composites are the mixture of two separated phases including SnO, and MWCNT.
SEM images indicate that the surfaces of MWOCNT are thoroughly covered with SnO,
nanoparticles. Comparative gas sensing result reveals that the prepared hybrid SnO,/MWCNT
composites exhibit much higher sensing sensitivity and recovery property in detecting alcohol gas
at room temperature than the bare SnO».

Introduction

Tin dioxide is a stable n-type semiconductor material with bandgap of ~3.7 eV and it has been
widely used in various applications such as ink-jet printing [1], gas sensor [2]. The methods to
synthesize SnO,/CNT nanocomposites have been prepared by many techniques namely; wet
chemistry [3], microwave technique [4] and sol-gel [5]. Based on economical purpose, a simple,
low-cost, and effective technique to synthesize the hybrid composite systems is mandatory.
Microwave heating method is considered to be the effective technique to synthesize various kinds
of functional materials with reduced particle size and narrow size distribution owing to rapid,
uniform and energy efficient heating method and short reaction time. In the process, carbon
nanotubes (CNTs) can efficiently act as reacting material that is suitable for various kinds of
potential applications including gas sensing device working at room temperature. Recently, CNTs
field effect transistors have already been demonstrated as a gas sensor with excellent sensitivity and
performance [6-8]. Recently, the combination of metal oxide such as SnO, and CNTs for sensor has
been reported. Nguyen Van Hieu et al reported the fabrication of SnO,/MWCNTSs
composite—based NH3 sensor working at room temperature exhibiting much higher response and
faster response-recovery to NHj; gas [9]. Sanhita Majumdar ef al. synthesized SnO,/MWCNTs
composite for sensing hydrogen gas at comparatively lower operating temperature with ability to
arrest the effect of moisture, in spite of the lower operating temperature [10].

In this paper, we present the synthesis of SnO,/CNT nanocomposites via microwave-assisted
method. Effect of precursor concentration on the morphologies and structural properties of the as-
synthesized composite was characterized by scanning electron microscope (SEM) and X-Ray
Diffraction (XRD). The alcohol-sensing performance of the composites was investigated and
discussed.

Experimental
A certain amount of MWCNTs provided by Nanomaterials Research Unit, Chiangmai
University was treated under ultraviolet-ozone oven for 40 min to modify and functionalize their
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surfaces. The precursor concentration of tin chloride was designated at 0.05 M and 0.1 M. Firstly,
tin chloride was dissolved in deionized water 100 ml. Then, ammonia solution was added to the
precursor under strong stirring until pH of the solution reached 7-9. The precursor solution was
mixed with treated MWCNTs in ultrasonic bath for 30 min, and then stirred at 150 °C for 3 h. After
that, the mixture was heated using a household microwave with irradiation power of 300 W 4 min
followed by the calcinations at 400°C for 4 h. The structural properties of as-prepared composites
were characterized by XRD (XPert PRO Panalytical) operated at 40 kV and 30 mA using Cu-K«
radiation with a 26 ranging from 20 to 80° with step of 0.02°/sec. The sizes, shape and structure of
the particles were observed by SEM (EVO MA10) operated at 5 kV. In fabrication of gas sensor,
the prepared composites were dispersed in deionized water and fluorosilicic acid solution used as
binder was added to form a binding paste. The SnO,/ MWCNTSs composites were screen-printed
onto copper interdigitated electrode substrates and annealed at 100°C for 15 min. The system for
alcohol gas detection set up at room temperature is schematically depicted in Fig. 1. The response
of the each sensor was investigated within test chamber. The gas sensor response (S) is generally
expressed as follows;

‘Rg_ a
§ =100, (1)

a

where R, and R, 1s the resistance of the sensor given gas exposure and ambient air, respectively.
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Figurel Schematic diagram for gas sensing system set up.

Results and Discussion

(b)
Figure 2 SEM images of SnO,/MWCNT nanocomposite using precursor concentration of 0.05 M
under 300 W microwave irradiation (a) after irradiation (b) after calcination at 400°C.

Figure 3 SEM images of SnO,/MWCNT nanocomposite using precursor concentration of 0.1 M
under 300 W microwave irradiation (a) after irradiation (b) after calcination at 400°C.
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The SEM images in Fig. 2 and Fig. 3 show morphologies of the as-synthesized composites
prepared with precursor concentration of 0.05 M and 0.1 M, respectively. As observed, the surfaces
of MWCNT are thoroughly covered by the cluster of mixed SnO, nanoparticles with small and
large size. After calcined at 400°C, SnO, particles was held together as a pack and uniformly
dispersed onto outer surfaces of MWCNTSs. Furthermore, the amount of the particles obviously
increases and becomes densely as the precursor concentration increases from 0.05 M to 0.1 M. The
XRD patterns exhibit the formation of SnO nanocrystal due to the microwave radiation resulting in
the change of the hydroxyl group into oxide group. It is evident that the diffractions matched
perfectly with the SnO tetragonal Romarchite structure. The following Miller indices [101], [211]
were ascribed. When the samples were calcined at 400°C, the composites could undergo the
oxidation and phase transformation to be SnO, as observed in the change in XRD patterns. The
calcined samples at 400 °C showed typical SnO, tetragonal Cassiterite reflections which could be
assigned to the following miller indices [110], [101], [211], [301], [321].
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Figure 4 XRD patterns of SnO,/MWCNT nanocomposite using precursor concentration of 0.05 M
under 300 W microwave irradiation (a) after irradiation (b) after calcination at 400°C.
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Figure 5 XRD patterns of SnO,/MWCNT nanocomposite using precursor concentration of 0.1 M
under 300 W microwave irradiation (a) after irradiation (b) after calcination at 400°C.
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Figure 6 Alcohol-sensing performance of SnO,/ MWCNTs-based sensor prepared with precursor
concentration of (a) 0.05 M and (b) 0.1 M.

The alcohol sensing properties of the composites prepared under various conditions were
measured and the results are shown in Fig. 6. It is clearly noticed that the sensing performance of
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the after-calcined composite exhibits the superiority to the other. The calculated sensing response
considerably improves after calcination. The corresponding sensing response is in the range of 1 for
as-synthesized composite and 1.8 for after-calcined composite. This manner suggests that the
formation of SnO; particles onto the CNT surface during calcinations can provide the enhancement
in alcohol sensing performance of the sensor. It is also suggested that SnO; species plays a key role
on the sensing activity while CNTs can act as template for the formation of dispersed SnO,
nanoparticles and could aid the electrical charge transfer during sensing process. During the
synthesis, SnO; are coupled with MWCNTs and the interfacial barrier between these two materials
could be introduced. Consequently, alcohol-induced electrons participating in the sensing activity
can energetically transport from conduction band of SnO, to the MWCNTs. For practical
applications, further work on long term stability of the device will be conducted in the near future.

Conclusion

In summary, SnO,/CNTs composites were synthesized by facile microwave-assisted process
and calcination process. SEM images results inform that SnO, particles are thoroughly attached on
the surface of CNTs and the amount of SnO; nanostructures increases with increasing precursor
concentration. Calcination process result to the phase transformation of Sn-O species. The XRD
results exhibit that after-calcined composites are composed of phases of MWCNTs and SnO,. The
proposed sensor using SnO,/MWCNTs composited exhibited good sensitivity toward alcohol at
room temperature with low response and recovery times.
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Abstract In this work, SnO; nanoparticles were prepared using conventional microwave irradiation as potential heat source

for particle nucleation and grain growth and bio-natural microfibers from egg shell membrane as templates. SnCly-5SH>O

dissolved in deionized water was used as a starting precursor for Sn source and H>O-treated egg shell membrane was utilized

as a scaffold for SnO; nanoparticle formation followed by post-heat treatment to improve the crystallinity and porosity of the

as-prepared powders. The structural properties, morphologies of synthesized samples were characterized by X-ray diffraction

(XRD) and scanning electron microscope (SEM). The XRD results indicate that the formation of nanosized SnO, particles can

be performed by facile microwave heating with moderate microwave power. SEM results reveal the existence of SnO:particles

attached onto the surface of natural fibers.

Keywords—Sn0:, Egg shell membrane fiber, microwave heating.

1. INTRODUCTION

Template-assisted method is one of effective way to
synthesize  novel  functional metal oxide-based

nanomaterials with fascinating structures by controlling

their morphologies through the designated templates.

Recently, practical templates such as carbon nanotubes

(CNTs) have been widely utilized for the synthesis of SnO,
nanostructures [1-2], and CuO[31and However, due to cost

and supply limitation of CNTs that are major drawbacks,

alternative substitutes for CNTs have to be carefully chosen.

Owing to source abundance and availability, egg shell

membrane(ESM) has been selected as a potential and
effective bio-template for the green way to synthesize
various kinds of novel nanomaterials such as TiO, [4-5,

Zn0 (6-71, BaCrOs 81. In order to synthesize this kind of

SnO, via ESM-template, suitable process must be chosen.

Owing to, uniform, quick and energy efficient heating
method, microwave irradiation has been widely employed
to synthesize or prepare various kinds of functional
materials Furthermore, Microwave-assisted technique via
on microwave irradiation material synthesis possesses
significant advantages of rapid reaction time, reduced
particle size and narrow size distribution. In this work, the

effort has been carried to synthesize SnO»ESM hybrid

composites using conventional microwave irradiation as a

heating source.

2 Materials and Methods

The precursor for this process is aqueous solution

of tin chloride dissolved in 100 ml of deionized water. The

concentration of Sn source was designated at 0.05 M. and
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0.1 M. Ammonia solution was added dropwise to the

precursor solution under vigorous stirring until pH reached

7-9. The product was washed using deionized water to
remove chlorine ions in the product. The eggshell

membranes for this process were extracted from fresh eggs

and washed with deionized water. After that, the

membranes were immersed in hydrogen peroxide for 12 h
then dried at room temperature, to remove impurities and

moisture and to functionalize its surface. Treated ESMs
were immersed into the precursor solution for 24 h. As-
prepared intermediate product of SnOy ESM composite

was heated using a household microwave with various

irradiation powers of 300 Wand 450 W for 2 and 4 min.

The structural properties and formation of SnO, were
investigated by XRD operated at 40 kV and 30 mA using

Cu-K« radiation over a 26 from 20 to 80° with step of
0.02°ssec. The size, shape and morphologies of the products
were observed by SEM operated at 5 kV. Chemical

bondings of the samples were characterized by Fourier
transform infrared spectroscopy carried out in the range of

400-4000 cm’!
3. Results and Discussion

The morphologies of SnOESM nanocomposite
samples were observed using SEM as seen Fig. 1-2. It can

be observed that the surfaces of ESM were covered by

SnO, quasi- particles. It is indicated that the increase in

irradiation power results to the greater amount of SnO»
adhered to the ESM surfaces due to more heating energy

supplied to the formation of SnO, Moreover, from Fig. 1
and 2, as the concentration of SnCly increases from 0.05 M
to 0.1 M, tin oxide are in ill-defined structures sticking onto
the ESM surface due to over-supply of Sn source at this
concentration. The XRD measurement on the as-prepared
samples and the corresponding results are exhibited in Fig.
3. The XRD pattern reveals the existence of SnO,
nanoparticles achieved by microwave heating. Distinct

diffraction peak situated at 26- 52.0° correspond to 211)

orientation planes of polycrystalline phase of tetragonal

SnO, structure. However, this characteristic peak is rather

weak and board indicating the formation of nanocrystalline

feature of as-prepared SnO, The possible mechanisms

contributing the nucleation of SnO, nanoparticles via

transformation of Sn(OH); to SnO; during microwave

heating can be proposed by following reactions;

NH;+H>O—NHsOH, ( 1 )
SnCly+4NH,OH—Sn(OH)s+4NH,CI, 2)
SH(OH)4—> SnO; +2H,0. 3)

FIG.1. SEM images of assynthesized SnO»ESM
nanocomposite using 0.05 M of SnCls precursor and

irradiated with microwave power of @ 300 W for 4 min
and (b)450 W for 4 min.



http://en.wikipedia.org/wiki/Fourier_transform_infrared_spectroscopy
http://en.wikipedia.org/wiki/Fourier_transform_infrared_spectroscopy

STEMas

International Conference on Science CN

Science and Technology of Emerging Materials STEMa2016), Pattaya, Thailand 27-29 July, 2016 ) and Technology of Emerging Materials

FIG2. SEM images of as-synthesized SnO2ESM
nanocomposite using 0.1 M of SnCl, precursor and irradiated
with microwave power of @ 300 W for 4 min and (b) 450
W for 4 min.

The Fourier transform infrared spectroscopy of SnO,
nanoparticles with different concentration of Sn source
were conducted and the results are shown in Fig. 4. The

characteristic peaks of SnO, appear in the range of 400 to
500 cm 'L It is assigned to anti symmetric O Sn[] O

stretching mode of the surface bridging oxide formed by
condensation of adjacent surface bridging vibration. The

peaks of eggshell membrane appear at 1000 and
1700 cm' !. Therefore, the eggshell membrane particle

would be expected to contain positively charged functional
groups such as -NH3 and -CO-N H,-. These functional

groups can effectively assist the adherence of Sn(OH)4

intermediate species onto ESM surfaces before the SnO»
transformation during microwave heating.
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FIG. 3. XRD patterns of as-synthesized SnO2ESM
nanocomposite using 0.05 M of SnCls precursor and

irradiated with microwave power of 300 W for 4 min and
450 W for 4 min.
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FIG. 4. FTIR spectrum of as-synthesized SnO»ESM
nanocomposite using 0.05 M of SnCls precursor and

irradiated with microwave power of 300 W for 4 min and
450 W for 4 min.

4. Conclusion

In summary, SnOyESM nanocomposites have
been synthesized by microwave-assisted method. SEM

image result informs that SnO, nanostructures are coated
on the surface of the ESM and the increase of
concentration of precursor results to the ill-defined

structures of SnO,. The XRD results indicate the existence
of nanocrystalline structure of tetragonal SnO, FTIR

results confirm the characteristic phase of SnO, and
functional groups of ESM that can aid the formation of
SnO; on its surface.
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Abstract

SnO> nanostructures were synthesized via microwave-assisted process using natural fibers
from egg shell membrane as a template by varying irradiation power during microwave heating in
the range of 300-400 W. The process using SnCls:5SH>O as a starting precursor and hydrogen

peroxide treated natural nanofibers from egg shell membrane as a scaffold for SnO> formation. The
structural properties, morphologies and relevant chemical bondings of as-synthesized samples were
characterized by X-ray diffraction (XRD) and scanning electron microscope (SEM) and Raman
spectroscopy. The results reveal that the formation of SnO; crystalline can be carried out by this
method. Moreover, the amount of SnO> nanoparticles attached on the surface of natural fibers and
their morphologies are highly influenced by the microwave irradiation power and irradiation time.

Introduction

It has been extensively recognized that tin dioxide is an n-type semiconductor material
withlarge band-gap ~3.6 eV at room temperature). SnOz-based materials have been widely utilized
for a wide range of applications such as gas-sensing materials (1] Lithium-ion battery (2], ink-jet
printing [31,etc. Meanwhile, biomaterial is now becoming an important and interesting topic because
of green technology requirement, inexpensiveness, abundant resource availability. In the present, we
have developed of hybrid materials by using natural nanofibers as a template. Qun Dong et al have
reported on the synthesis of titania using eggeshll membrane via sol-gel technique by varying pH
value, calcined temperature and heating rate. They mentioned that as-synthesized products had
porous characters within the range of 2 nm to 8 om providing beneficial to designed materials(4).
Jinku Lin et al synthesized Barium chromate using eggshell membrane as a template giving the
products with branch-like and feather-like morphologies [51. Zhenjiang Miao et al prepared TiO»
nanotube network via sol-gel technique using swim bladder membrane as a scaffold providing the
final product in form of tubular structure [6].

In this work, we have studied the potential of microwave irradiation to synthesize SnO:
using natural fibers from egg shell membrane (ESM) as a template using hydrogen peroxide to treat

and functionalize its surface. Effects of irradiation power and time on the structural properties,
morphologies and relevant chemical bondings of as-synthesized samples were investigated and
discussed by mean of XRD, SEM and FT-IR results.

Experimental



The precursor for this process is aqueous solution of 0.05 M tin chloride dissolved in 100 ml
of deionized water. Then, ammonia solution was added dropwise to the precursor solution under
stirring until pH reached 7-9. The resulting precipitate was washed using deionized water to remove
chlorine ions in the product.

The ESM for this process was extracted from fresh eggs. The egg membrane was striped with
tweezers and then washed with deionized water. After that, eggshell membrane was immersed in

hydrogen peroxide for 12 h then dried at room temperature, to remove impurities and moisture and
to functionalize its surface. After that, treated ESM was immersed into the precursor solution for 24

h. As-prepared intermediate product of SnO» ESM composite was heated using a household
microwave with various irradiation powers of 300 Wand 450 W for 2 and 4 min. The structural
properties and formation of SnO; were investigated by XRD operated at 40 kV and 30 mA using
Cu-Ka radiation over a 26 from 20 to 80° with step of 0.02°/sec. The size, shape and morphology of
the SnO»ESM composites were observed by SEM operated at 5 kV. Chemical bonding of the

samples was characterized by Fourier transform infrared spectroscopy carried out in the range of
400-4000 cm!.

Results and Discussion
The morphologies of as-prepared samples were monitored using SEM and the corresponding

images are illustrated in Figure 1. At power of 300 W for 2 min (Fig. 1@)), it is unclear to observe the
formation of SnO> structure on the ESM surface. After the irradiation time increases to 4 min (Fig.
1(b)), the formation of particulated structures of SnO; in cluster form on the surface of ESM is

clearly observed However the cluster of SnO; particles was sparsely dispersed on the surface of
ESM with less uniformity. The same feature is also noticed in Fig. 1(c) for the sample irradiated at
450 W for 2 min. In Fig. 1(d), as the irradiation time was increased to 4 min, it was clearly seen that,
the greater amount of SnO; particles were throughly and uniformly adhered and coated on the ESM
surface. As irradiation power and time increases, the greater heating energy provided to the system
can efficiently initiate the good formation and nucleation of SnO; nanoparticles and the binding
between the particles and ESM surfaces. However, further increase in either irradiation power or
time beyond this point may destroy the structure of ESM and consequently terminate the formation
of the composite.

XRD patterns of the samples synthesized at various conditions are represented in Fig.2. All
results show the noticeable diffraction peak situated at 260- 52.05° which corresponds to (211)
orientation plane of SnO. This result highly confirms the formation of SnO; structures onto the
ESM surface. It can be further interpreted from XRD patterns that the crystallite size of SnO» is very
tiny or nearly amorphous phase of SnO2, accompanying the broadened XRD peaks.

The possible mechanisms responsible for the formation of SnO> during the microwave heating
process can be proposed as follows; First ammonia solution in water can transform to be NH4OH
that can effectively react with SnCly to form Sn(OH)s intermediate product according to the Eq.1

SnCls+4NH4OH [ SncOH)4 + 4NH4Cl. H

After heating, the intermediate product can undergo the dehydroxylation or dehydration and phase
transformation to SnO> according to Eq. 2),

SnOH)4 [1 SnO, +2H>0. )


http://en.wikipedia.org/wiki/Fourier_transform_infrared_spectroscopy

FIGURE 1 SEM images of SnO2ESM composite obtained by microwave heating at @) 300 W for 2
min, (b) 300 W for 4 min, «¢) 450 W for 2 min and d)450 W for 4 min.
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FIGURE 2 XRD patterns of SnO2ESM composite obtained by microwave heating at @) 300 W and
(b)450 W.
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FIGURE 3 FTIR spectra of SnO»ESM composite obtained by microwave heating at @) 300 W and
(b)450 W.

The Fourier transform infrared spectroscopy of  SnO> nanoparticles with different
microwave irradiation and time were conducted and corresponding results are exhibited in Fig 3.

The characteristic peaks of SnO, appear at 400 and 500 cm !, which is assigned to O[1Sn[JO

stretching vibration mode meanwhile the featured peaks of eggshell membrane appear at 3500 and
3700 cm'" ! that would be expected to contain positively charged functional groups such as NH3 and

-CO-N Hz-,dependent on the pH of the aqueous solution.

Conclusion

In summary, SnO> nanostructures in form of SnO2/ESM composites have been successfully
synthesized by microwave-assisted method using ESM as a scaffold. SEM images inform that SnO»

nanostructures are attached on the surface of ESM and the uniformity and amount of SnO; particles
coated on ESM surfaces can be improved by increasing irradiation power and time. The XRD and

FTIR results confirm the existence of nearly amorphous phase of SnO; with relevant chemical
bonding of SnO, and ESM.
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