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GAMONPETCH POUNGCHUN : SEPARATION OF MALTODEXTRIN AND THEIR
PHYSICO-CHEMICAL PROPERTIES. THESIS ADVISOR : ASST.PROF.BUSSARIN
KSAPABUTR, Ph.D . 86 pp.

This work was divided into two parts: the separation of maltodextrin and the study of
humidity sensing properties of zirconium dioxide films. The separation of maltodextrin was
studied using thin layer chromatography due to its simple, low-cost and rapid technique. The
influences of various factors, including the mobile phase, mobile phase ratio, coating of
chromatography plate and detection reagent, on the separation of the maltodextrin were
examined. Optimal conditions for the maltodextrin separation were found to be a non-coated
silica using butanol-ethanol-water (5 : 3 : 2, by volume mixture) as the mobile phase and
mixture of diphenylamine, aniline and phosphoric acid in acetone as a detection reagent.

In the study of humidity sensing properties of zirconium dioxide films, zirconatrane
was used as precursor and the zirconium dioxide films were fabricated using electrostatic
spray deposition technique. The morphology and microstructure of the samples were
examined by scanning electron microscopy and X-ray diffraction (XRD) techniques,
respectively. Additionally, the humidity sensing properties were also investigated. From the
results, it was found that the impedance of zirconium dioxide film decreased with increasing
the humidity. An increase in frequency resulted in a decrease in impedance and the
independence of humidity. Moreover, the study of dynamic cycles showed that the
impedance decreased and became constant quickly. The resulting zirconium dioxide films
showed promising performance for humidity sensing in terms of reproducibility, stability and
response/recovery times.
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smaller small section of the
molecules column. Smaller
enter the molecules (o) enter the
pores of the gel matrix while larger
gel matrix molecules (&) remain

outside the gel beads.
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Fanuva (Silica gel) [16, 29]

| a A AN © <3| = ' < .
Wuaisounsonlanvuziuniazioon uaaziia (Grain)

aaa va J 1
9203NT0T09914 (Pore #3530 Cavity) Iags3sumIagamalgaauialunsaoou vu1Av04

< 1 = o o 9 A J Aaa AA o 1
WADYTEHIIN 5 D3 50 lliJTﬂiL'JJﬁﬁ L‘Hll1$ﬁ1ﬁ3U1%LL8ﬂﬁ1§WLﬂuﬂﬁ1ﬂ FANUIANUITUUIYNTY

bl

9 = Y A [l
mmmﬂwmmmﬂmaaﬂwu

T o |

- Silica gel H fio Fan1vah lulidsedamznau

e}
el

e =) an d’d = 3 l
- Silica gel G 1D Glfﬁﬂ?L%ﬁTI?J!LﬂﬁLG]ffJN%’mW@]WﬁﬁJi’)g
A g R =
TR S P ERLEINYE
iy A an A = v
- Silica gel GF f® FanuvanuunaiFeugaanag

J ]
WQovlsmITUANANOY

,0°H  0-H ,O-H
O O )

i 7 Tnseadedaniaa [29]

63@37‘%7 (Aluminium oxide)
=

I a A da a 9 aa
L‘]Juﬁ’lﬁ@u%ﬁﬂﬂu&luclﬂfﬁﬂqaQlﬂﬂ'lﬂclfﬁﬂ'l VYUHIAUD

=

a ~q Y = 3 < ' a a
pzglunlylulasin Innsaluvusunienisannii 6o lulaswes Tavsssuanaesgiiud
vAa I 1 1 = Y A 9 a AAo ]
Auautiaitua saansanldasumladliidunsa nsena1eld ezgiiviniisimueaiy

Hesnmalinaronu vy

a

- Acidic alumina foezgiuiNgnilasunaclid
va I J
Auautialunsason
. . A a A A
- Basic alumina 719 9EQUUITITINAINUAUTUL u

A



16
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A1319N 2 Eluotropic series VBIAINIAL DA q [16]
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4
=

v 9 [
astsznouludSuannnesnnnuesway wedswilowierlduign

J d
2.5 o5l lneen|wa (Zirconium dioxide)
J ~ . . J ~ o3| A v A Y
1505 ALy (Zirconium ; Zr) w503 Inioudlu laveunsugsuliaviiminaie
~ IS Aa = A =
Tnsifiey HuloneNligavaomman 1852 oA uwaiod yadon 4377 oeruaaibod
4 ~ @ 9 [ 4 . 1 1 a o = qu’ o 9
o3 Iatoudna lavnusisesnou (ZrSio,) MuuWaIAYn MInaaes ladlontiuila
o A 1 4 o J { a
Tagthduuswosaouuasus iy TaRenosn laa (NaO) Hguwgil 1000 osruTaITd 92
o an 1 g { I
1A TwdAomaes laflougana (Na,zrSio,) uwaznite  (Si0,) nlwdouvzgnldewiu
. Y v v ) A . | a Pz ~ Aa = 1 J
Na,SiO, uaranadieiiidouioazate Na,Sio, dauTwdoues Indiondainada liazaie
Y
1wAnAznoU nsedusnazneueen uaniwenouil lazarluaisazaronsagailaInieas
{ @ J [ o {
n¥ou ldmsazato ladoudania (Na,S0,) uazises latiendanla (Zr(S0,),) Masazaten
< 4 19 { I
181 unandlearsazatonen Tniiomdudu  1wos Infoudadavzilaomiu
J ~ J 2 ] o,; ~ =
wos lniouleason laa (zr(OH),) ¥ ldazarei nseuenaznouliini 900 oeruwaFod
¥ % = ¢ N o Y o 8 A o
w2 ldes Indlonlaoonleq  (zro,) Tanwuzidludvrimin lulinau Tyanasuiman

5ua 2680 per Ao [42, 43]

wAa & d
2.6 autidveuwesiatenlavenluya (zro,)
o =\ S Yo 1 Y A = vaAa
wos lation laoon laa lasuanuauleediandneving ilesnnianiang lu
9 ] 9 A a o o 9 A & o v A o &
vaneau wuldluaieslfnsaidsug Tasimihntludgaduiinseu uaziniulavy

a

=& o ~ d I A 1 [ Aaan =\ 1
nerudaaes ladlon lavon ledidlusigiiinnuies haelfaseuail a guugige anwlde
a dy A ~ o ~ < v o a Y
VluTmmuuagaaﬂcmi]mlm‘ﬁmuﬂigmm 3 W]'llllf]W]EJUﬂUUlT]WILHEJSJ Lﬂumma@ﬂmwclw
[ Y . = o 9 I v o 1 1 a
W1 1@ (Good oxygen ion conductor) NQﬂ‘L!”IiJ11%’&‘]]14@’J’mﬂ’JHJ’J’eN"hGI?JEJEJﬂGIfL‘Du (Oxygen

J = I a
sensor) [44, 45] waﬂmuw"lﬂaeﬂ"l«mu@ﬂwaaummqqﬂixmm 2983 1AAIU [46-48]
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WA

aniiandwveuvesTaiiun Inoenlua [46-45]
- nuguui 141NN 2400 oerraITad
- ANUHUMUUY
- fmsrhanudeuiig (foundnezgiiu 20 ulosidud)
- NUADNITHANITBUNILAY
-1s 85;131111/11;11 (Tonic electric conduction)
- éﬁuw Mwaemsadnla (Excellent wear resistance)
- AMUMUADATVETRINITOBLAD (High fracture toughness)

- IAUNUNIUGA (High hardness)

b4
=

o ~ g = ' [ 5y a
maveuses ladiow lavenlaarzll 3 laTasazuanaanuiuegivguvgil Tag

A o + A

~ A d A a L Aw Yy A Ao
Noamgigeaslanvazaiunuuailin (Cubic) NanvazAMBTHATNGNIAINAINEIIVO
= (Y 09: o ~ Ao I aa .. 1
UAUNAN 3 BNUMIAULAzAININOU NYavgidnet iy Ty Tunatin (Monoclinic) a1
A d’ 9 1 1 a aa a A
A3z INUDA (Tetragonal) H3ONIITHINVLBTzNINQUUYNvouna TuTuadln uazAIlin
1 I aa A { 1 <
msnlasuudaanannmase Tnuea lhituTuTuadiinezifanmsulasuulasediasiasilaeg
a a 2 4 = cd @ g Y a o r o A
HvwadSmasmuau 3 095 wesidud Wuauvaldinasesuanuuiaaladie iune
a a 42‘ [ o =1 4 dy A o =1
ngAnssuFInavzIunuaveuses lnfionlasen lad uennfiautaveuses lntionla

4 1 Y dy o Aq ¥ @ A
f]f]ﬂulc]fﬂfﬂgl,mﬂc‘]’l\iﬂuul,ﬂelluﬂUﬂi$U’JUﬂ'ﬁﬂcl% LEANANAIT NN 3



29

d' vAa A 4 ~ 4
A13199 3 auiareanaveases laien laoon lae [49]

Partially stabilised | Fully stabilised | Partially stabilised
(Plasma sprayed)

Density (g.cm”) 57-5.75 5.56—6.1 56-5.7
Hardness — Knoop (GPa) 10-11 10 -15 -
Modulus of rupture (MPa) 700 245 6—80
Fracture toughness (MPa.m-m) 8 2.8 1.3-3.2
Young’s modulus (GPa) 205 100 — 200 48
Poisson’s ratio 0.23 0.23-0.32 0.25
Thermal expansion (10—6/K) 8-10.6 13.5 7.6-10.5
Thermal conductivity (W/m.K) 1.8-2.2 1.7 0.69-2.4
Specific heat (J/Kg.K)) 400 502 -

o e 4 2 44
Jagiiuanuyuimsnlasuulasnnvargauvaninnaniweinannlasuuilas
A P o w a dy =K a3 A o w [ I~ o aa
W3oms l55alszd1iu msnuquiliunaanusululudsdring litwedumsdisdia
o = a A 9 [ a =R A )
YOI MINVINYINANAN NIBUULANITAILANNMIHNAA 1L TTINUGANINATIN DINNTIN
% % dﬂl % a d’l d' d' d‘ % a = 1
a1 3annusu vialsaanudunldsundadliiietesdunisinannudsmeno
a A d! % 9 1 a dy d‘ d‘
HARAANNINITINEAT NTONNQATINNTTN Fadaas1adamisuaanusuildeunasyl
Ao Humidity sensor
~ I~ v o a g [ [ I~ a
asnlslumsiduditadsuaanusuidreiunarsdsznnliinaziluned
J a a J 1 a 4 4 4
w3 [50] @1snen Inan [51] wSowssind 1y Faneen lasa (Zno) [52] Tnmiisulasen lud
o = o [ a S Yo 1 a
[53] waziwos lathoy lavon lad Tasiagmaussiind lasvanuaulannniiaiswinwed

maﬁﬁmmﬂauﬁﬁmmmﬁmﬁasmmﬁuazmqmﬂmw
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a X d ° (v (v X
2.7 Ssmsvugdilanmssmdumsiamanuideshlunnudu (Humidity sensor)

2.7.1 msvugUdammatinn1siinian3u (Screen-printing) [54-56]

a 4

< a sAq Y @ A @ Yy
Lﬂuizuumiwuwﬂ%waﬂmimiﬂmmawnwmuumuammiwuma@m

a 4 2

o & A A a A o A . l
dpans uanhidunla ldwiguvgige msiiuie1nlidr8aimiled (Binder) 518100

U

q

Y
T&undu mswiemnsanud ldnuiaquatewiia msnruguansue Tnssada aaunmves

a k)

mm"l,mwmuﬂumiwuwﬁﬂiumaamwnuﬁluﬂmm

squeegee

ﬁi
F
(

i

screen

il
i

paper sheets

squeegee SCTEEn

HOQQ
©s s 6 V@

magnet force

paper roll
~ d? 9 a a 4 =~
MW 12 M3vuglaremaiamsnuianiu [57]

. v a 4 v dy a d
Jing Wang Hazaue [58] 'Jﬂf]'JJWLLﬂu"]fLmZﬂ'J”IiJ'J’ENll'JV]Nﬂ'J”IiJG])'HUUV‘Iﬁ‘JJ
[ o = 4 =) a d 9 a a 4 =
‘]J'I\TGIJ'E]\T'JETQH'ITULGB@ijﬂL‘Llflllulﬂ@@ﬂhlclf@ IﬂElmiEJil‘V\Iall‘]J'l\?ﬂ')ﬂlﬂﬂuﬂﬂ'ﬁwuwaﬂiu aNUU
YY) A A 9 Aa a @ 1 1 ay
AIYUFIATH mmwmmmﬂamﬂﬂﬂizmm 0.5 Waaluag ‘IUﬂTi’JﬂﬂTﬂ’JTlI”JE]Q]l’JT]TQﬂ3111"31!
o Y o v 1A 4 o U g 4
WUTAIANVTUNUTITEHINAOUNLAUSY (Impedance) ﬂUﬂTﬂ]TNL%}N%}HﬂJﬂQﬂUTN%u Lﬁi’)
Y = A ' Aa 1T a A 4 a A 4 A A A dgl
Usuasuanudnun anudinaneduitaus lagduiitausizanaailon Uy tay
A a g N fa A ¢ A w I 9 A a '
NauDdu 100 Lag 1000 1B5AT dUNLANFIEUaNHUZaAaUTWTUATI LaZIONITUIA
' dy Ta A 4 6 [ 2 A dal
ﬂ'J'liJ'JfNUl'JVH\‘]ﬂ'NﬁJ‘]quU'N DUNUAUFIZAAAIIN 10° 1TU 10 NAIANUFUIN 11

losidua 1y 98 1losiguea
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Y
Xiao feng Song tavAme [59] AnBIAIAINIE1INIANNS UV
4 a 4
TwunaiFounae lsa (KCD) Tadvuiiuesnlea (sn0,) lumseseumduleInunaiFounae
J a NG a . . = ad v 1 '
lsaTladuunueenlsa wseuTaematia Electrospinning taziaisuianianinuiedlanig
dy 9 a a -4 = v o A I v ad A
ANUFUAVNANAM T NUNTNTUAIVUAIFVAATANY Ag-Pd 1T ua01an Insa NANUHU
a o 4 o 1 1 o { a
yoaflan 10 luTaswas devhuinaaevaianuledlrlagnsdsunlasuilSuaves
4 v a 4 s S o
Tnunmdeunanlsa nunlsuaveslnunaFeuaaslsd 15 lesidudrzuaains
{ a S A 4 { A g s 2 o @
asuulasduiivaugange wonldsuutaslsuannuiunn 11 woesidud lde 95

J

o iFud 39 1dihdandiuves InunaiFounas lsa 15 wesiFudladuunueenlea

=

dl d' 1 Aa A 4 d' d' A d? Aa A J I~ a

NAFOUNANNDAN q TAgdUNLAUSITAAAUNDANNDNNTY LazduNLaUSIzITudaseh

! Ay A o A { a g sl N (o P
A0 100 N aEsas iwonlasuulasluiannusuan 11 wesisua hlda 95 nlosisua

1 ) v ¥ v v Y

(119991nHaveamsindeunveIauIn 1 (Blectric field) Fananuduinvu e iiuna

A [l < 2’ = 1 (% a Yy a A =R 1 A
mslasunilasedssiaisa Tuanaveuine bigunsoduuuii1d dufivaugislidinaie

v Y
nasuualasdSunaanuisu

2.7.2 M3Tugamaiia Spin coating [60, 61]
A Aoy o 1 o 24 o o q9
manaiildlagveaasdred s uIunisasuusuaasa 910 lv
< v @ 4 @ (] ] 1 1Y)
ANusseufuFumase e I ensdleaannnszae llauusumsauuduaasa AN
o Ay Y Y <3 Yy v
yosflaui laawsonuqgulaninanuiisenlumsvyu narlumsvyy nazanududu

VDIAITAIVINAININD 13

™, applying the : _ repeating to prepare
Yy ; rotatin dryin ..
\_Lsolvent solution B g = g -}-}mmnlag.rerstructure

}‘l
¥
\
i

k1
Al

'iq,hs.[mf |—} — ,_} %1

A 13 dnvaggnsaidmSumaiia Spin coating [60]
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Y
Weon-Pil Tai nagame [53] lanaaeuainnmioslmeanuduvesiagun
[ a| d a
Tuvesensuey Inunagou lnnuua KT) fulnndion (Tio,) Tasw3suflauursdremaiin
. . v w Aaa 3 v ad a d =3
Spin coating A4UUAIFUEAsANTRWTUAIBEN Insa Tasanuruivesilay Tnunadonln
= ~ = =\
muuauaz Innuilenly 220 vag 480 1 Tumas luvaziasnanvod Tnmdisdu Tnunadey
=l [ A A I
Tanuue vazIwunadoy Innuuady lnmdieTanurnunilu 636 uaz 682 wilwuas
o w d' o U 1 i’ 1 a ~ 4 a| d =
awdy o linageuminiuieslmanudunui suiivaugvesildn lnmiioga
VoA @ < ! g P
anday Tnunaden Innuua vazanaududuasananudyuain 20 11 oo wlesidud lu
=1 ard = a Jd = 1Y = =
asslvealaunay lunsdlvoslauwan Ilnmidlsdu TnunaFen ITnnuua vaz Tnunadenn
o = Y Aa 1Ay ua/l = v A a A 4 A I
nuuany Tnmdies: ldnanan NAdusuaen nazamsnasunlasduinaugsznlasniu
VA A g P-4
3 wanlasuanuasuan 20 11 90 nlesigua
= a 4 A =
Myoung-Seon Gong tiazame [62] Any1lanedwesveunasoaneiioy
[ aa d 4 1 wvAa 1 g
(Phosphonium salt) funeastaning lsa (Polyelectrolytes) aoanianuledlnannuauy
ard a YY) ~ I~ v aad
Tasmssuflanu1edlemaiin Dipping asUUAIFUaATANINoududIBianInsa AU
a| o 4 a J
yoaflaun ladszua 8 99 10 Tulaswas lunisnaaesszldlanediues (Vinylbenzyl)
tributylphosphonium chloride fualasu uag (Vinylbenzyltributylphosphonium chloride AU n-
T A 0’ -2
butylacrylate F¥elunsalveslaneamues (Vinylbenzyl)tributylphosphonium chloride nNU® la3u
A A P & v A A a 2 s3  (a cd
dutausazanauily 3 mudomuilsunannuFun 30 wesiFud 117 90 nlosiFud uay
a A 4 A -4 ~ 4 1 3’
BuiaugazinUNIUNT VD4 r-butylacrylate 111899 1ANAVBINT 11V (Hydrophobic)

A

4 o = v a A 4 A aS (A = ~ o
voaTuTuwes luiusudsrnuduiiuausazanauiollsuaveundevoanaiion Wude
a J 1 a 2’ 1 31 g}
duiinausinanolTuiavosnnuseutiuaz luse vl uazvuiavoInINFO VN

. dyw =\ 1 A A A 9 1 1 dy
(Hydrophilic) Weanniidalinasdennuruivesilauiwienla Tagainnuieslanennuiu
[ I~/ 1 [ 4 A ar d
liidviilu Hysteresis tazAmIMIsnpUaUBIABIANE AR NMIINNANNHIIVEITaN A
Woamos
. YR 1 dy a 4
Jing Wang trazaue [63] laaninnuies linuanuguvesnedwes lag
= a g 9 a . . v @ A IS v ad
w3 eNTaNUIAIeNALA Dipping adUUAIFUAATANINeATUAIBEN INTA ANUHUIVDY
A S A A o { o P
Adun'lddszauna 10 IuTasmas Tasduiinausozlasuulasain 10° Tude 10° Teviun

A & sl M (o P A A A VA A oo
Usuamnudu 11 wlesidud s 98 nlosidud vazdionlasunilasnnudnunduiuausi

=

1 A A dgl I 9 Aa A & a o

ATNAAINDAITUDINUUU TﬂﬂﬂgLlﬁﬂ\iﬂﬁlﬁﬁﬂa\uﬂu&ﬁu@ﬁﬂﬂﬂﬂ?’]ﬂﬂlﬂu 100 ttag 1000 Lasersy
Y

AnnuanAndididananeauiivesnuiedlinennuiu daumanugunueg bifimg

4 A A4 4 2 - v wa , _ o 4 4
nlasulauiiemiuaud Feausaesuie lanauiinved Dielectric VDA TasNnud



33

o a A ' Y 3’ = @

dauu ldfdlufanisnldeuedied 9 Twanavenitted1u1509A% U Space-charge
. . A Aa a A l < :‘ =2 ]

polarization Tuvmzianudimgeau lilufamsnasuediesiag Tuanaveningl

[ a ya /=R (=} A = a Ay
ﬁmﬁaﬁmuum‘lﬂauwzmumﬂwwamarﬂawuﬂaﬁsmmmmw

1 a A
273 msvugdarmmatiamisnudeandag’lii1m5e  Electrostatic  spray
deposition (ESD) [64-66]
d‘ tﬂ' 1 9 LY 1 d' 9 1
AN 14 ugauaieamsnudesdle Il Tasarsdredrandesnisniu
] Y = d'd % d' 1 v 1 1 =
vweld 3 lunasaiaeiionsinis lvafuiueu (a15d1061901904 Tugdveuiad) uagll
v A o . Aa o d . £ 1 ' v @ o
annsossuiadnd 1 s g (High voltage) nostlounszuadinoogsznieddudasaniy

v 3 X o o Sa a Y _ o A 9 9 1 = v 3
Wl Fadgumasantigurgigezdsuiunais e ldaswudesnoonnieiniyliime

q U

v o Y A Y A A A 2 P ) H
Z‘N'Uu@')“]ﬁ_lf’fm5@ﬂ1fJblﬁlLi\uﬂaﬂu7]1ﬂl1w1711mﬂﬂﬂl@ﬂlﬂﬂuﬂuﬂﬂ ﬁ“llleﬂf’Uuzﬂ]lﬂ\Tlﬂ @unu@n

pazemnsnnadaguaIne lavainvate

Heating
element

Thermocouple — _LL)I J |_- High voltage

_7‘& -L-
Substrate -
Spray —'
Nozzle
Syringe pump
— 1|
—o Precursor solution

i 14 dnvaggdnsaidmSumatiansnudesdao 1w [67]
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3.1 unsaiuazinsesileildlumsnaanes

1. 1nFeatsaz18unT 1 BL210S Han TAsuS N Satorius

2. m?m Ultrasonic cleaner #a# 1A815HN KA Production

3. AnUANgUUAN 31 Binder Wan TAgUTHN R3-controller Series

4. 1950931951210 5 TUNT1IWASA (Thermogravimetric analyzer; TGA) I4 TGA7
Wan 1ngDTHN Perkin Elmer

5. NABIANTIAIDIANATOUUUUFDINTIA (Scanning electron microscope; SEM)
34 S3400N Wan IA81ITEN Hitachi

6. IntpaiAMsasINTFenT (X-ray diffractometer; XRD) 314 D/Max 2000HV

Wan lagUTEN Rigaku

32 msniiilFlumsnases

1. 18N1U@a (Ethyl alcohol absolute, C,H,OH, mmu?qﬁa99.8% YBIUTEN
CARLO ERBA)

2. 119M1u0a (Butan-1-ol, C,H,0H, ﬂmuu§qm§99.5% Y99UIHN CARLO ERBA)

3. TWsW110a (n-propyl alcohol, C,H,0, mmu%‘qﬁd%.s% YOIUIHN CARLO
ERBA)

4. 9287101038 (Acetonitrile, CH,CN, AMuUSqN3 99.9% veauiin CARLO
ERBA)

5. la¥liiaaniiu (Diphenylamine, C,,H, N, 4941350 ACROSS)

6. 013U (Aniline, C,HLN, A9U5qN3 99.5% V04W3EM Fluka)

7. nsaoes InvleanaIn (Orthophosphoric acid, H,PO,, mmu?q'ﬂ%{fss% Y04

158N CARLO ERBA)

34
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8. N-(1-naphthyl)ethylenediamine dihydrochloride, f1314 ‘]J?q’ N5 98% UBIUTHN
ACROS ORGANICS)

9. 1WNIUOA (Methyl alcohol, CH,OH, ANNUUITENT 99.9% VOIUIHN CARLO

ERBA)

10. nsaailasn (Sulfuric acid, C,H,OH, Awuiqns 98% veeusin CARLO
ERBA)

11. tofia0sF1an (Ethyl acetate, CH,COOC,H,, AWU3qN3 99.5% voeusin
RCL labscan)

12. Taeuosaman (Sodium acetate, CH,COONa)
13. 119U
Jd a .
14, yoa INANENT U (Maltodextrin)
15. 928 AU (Acetone UFHNYIEU DUNTIIN)
o =\ 4 a QOJ

16. 19505 Inudlon'laasonlad (Zirconium(IV)hydroxide, Zr(OH),, AMWUTENG
97% ¥99UTHN ALDRICH)

17. laston1 Tuaniiu (Triethanolamine (TEA), (CH,OHCH,),N, A1NUSgNF 99%
VY991UTHN CARLO ERBA)

18. Tasion laason lare (Sodium hydroxide, NaOH, A21WU5gNT 98% v04u3Hin
UNIVAR)

19. 1oMaau Inanea (Ethylene glycol (EG), (CH,OHCH,)OH, ANWUTANT 99.5%
Y99UTHN CARLO ERBA)

20. 1©MUDA (Ethanol, C,H,OH, AMNUIENT 95%)

21. wiuTasu InnsWBanusandeunuez giition (TLC silica gel 60 F,,, U9

254
UTHN Merck)

22. ﬁywmaﬂgiﬂﬁ (Glucose, Y9UTHN Fluka)

24. Fa305 INUN (Silver paint, YBUTHN SPi)

25. TwReunas'’lsd (Sodium chloride, NaCl, mmﬁqﬁ(%% Y9IUTEHN LAB
SCAN)

26. Lluﬂﬁlﬂ?fﬂilﬂaﬂuliﬁ’(Magnesium chloride hexahydrate, , MgClL.6H,0, 71714

4

VTANT 98% YDIUIHN Fluka)
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27. 159910 looou (Deionized water)

G g’l v o U a =
3.3 mamsanmsazaefsnudmumatalasanInn s
o H ¢ a
3.3.1 M3AENAINNIFINIMangIna tazueal NIANTNIY
=S oy d A = Y

m3wsenayazareiimang Iaed uazuea lnangniums oy 1a lasazaiy
g’ d A A Aa o °y ) a aa o 1 .
wmanglag wazuealmangnsu 5 Jaaniy luinau 1 Jadaes 1 'lU1d1u Ulrasonic

Y
< @
bath Fl]uﬁ']'iﬁga']ﬂlﬂulﬁ@!aﬂ?ﬂu

3.3.2 m3m3ananaauil (Mobile phase)
= 1 A A A & ~ J ..
MRS eNAIMAIDUNTZVUNYHY Taonauozd 1o lulasa (Acetonitrile,
4
CH,CN, AMNUTENT 99.9% ¥99UTHN CARLO ERBA) 19Na0H1AN (Ethyl acetate, CH,-
4
COOC,H,, ANUUTFNT 99.5% VDIUTHYN RCL labscan) Twswivea (n-propyl alcohol, C,H,0,
¢ y y 1 ] [ [
AMUUTENT 99.5% YOIVTHN CARLO ERBA) 11021l InaUA00AT 18U 85 @0 20 @D 50 AD
o w o @ o { [ P a a 09: Qy
50 mud1au Tasidaiazaenes oy lanauddnu masludinmesnichiaain daneld
o =\ A v Y )
aunsznaludininesoudidielovesdiiazare
MamsonaIuAdouNszUDNdes Taowauidimuea (Butan-1-ol,  CH,-
4
OH, ANUUTANT 99.5% VoIUTEN CARLO ERBA) 1811100 (Ethyl alcohol absolute, C,H,-
¢ y y 1 ] ]
OH, ANUUTANT 99.8% V0UTHN CARLO ERBA) 1aziiInauUA100a1dIU 2 @0 3 @0 5
o w o w o { [ P a a qa/l ay
audidy TashdiiazaneneIonldnanldidou masludinmnesnirtaaiin aeneld
o =\ S v Y )
aunsznaludininesoudidielovesdiinazare
mawsendIundounszuia Taswauidimuea (Butan-1-ol,  CH,-

4

OH, ANNVTENT 99.5% VYBIVTHN CARLO ERBA) 18N1U0A (Ethyl alcohol absolute, C,H,-

a

v [
OH, ATWUSENT 99.8% YoIUTHN CARLO ERBA) 1agiiinaualeons1aiu 5 Ao 3 Ao 2 uag
Ao 1 1 [ o o o o o A A 9 Y I o a 4
N9A518IU 2 619 3 @o 5 ua1ey Tagthdniazaresiwsen lanau iy masluiinnes

Ao ) a 09/’ Qy 9 o ~ A o Y @ o
ﬂiJF\h‘iJﬂﬁu'Vl m‘ﬂﬂa%uﬂ’i8‘nQGluUﬂmﬂiaumm&lllﬂﬁummmazmtl

3.3.3 M3a3aumIMninaa (Detection reagent)
AsaseudIi lfinadszvunvie taseuTaeia N-(1-
naphthyl)ethylenediamine dihydrochloride, mmiﬁ’q N5 98% ¥DIUTHN ACROS ORGANICS)

4
0.3 NSUNUNTALFANITN 5 Uaaans (Sulfuric acid, C,H,OH, AUUIFND 99.8% VUBIUTHN
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CARLO ERBA) lugihazasimumiuen (Methyl alcohol, CH,OH, AIWUSqNT 99.9% vos
138N CARLO ERBA) 100 iaaans

msiasoudai lfifadszuuiiaes nseulaviiilafldaariiu
(Diphenylamine, C,H, N, ¥94U3HN ACROSS) 2 N34 WANNUOLUAY (Aniline, C.HN,
AMWLS NS 99.5% Voau3EN Fluka) 2 fladans ludihazasesd lau (Acctone) 80 findans
sintfuAunsaees Tnleanesn (Orthophosphoric acid, H,PO,, A1WuSenT 85% veeuSHn

CARLO ERBA) 15 1aaaastd219091982002% 1 (Acetone) 100 4adans

3.4 mailalasanInnWHuUFHLIg
= \ = gs =® \ d' d‘ % \
3.4.1 msesgauEulasnInaNWuurHLelagdnEIa Ao UN HAZdNI 1A I
' A A
YBIAIUIAADUN
) Jd a 1 ~ Y
a1sazatsusa In@ngnIurgaaduuuAu Iasu1Inniiwlniig 2
Y
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Architectural control of nanostructured ZrQO, thin films via electrostatic spray deposition

technique using zirconatrane as precursor
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lDepartment of Material Science and Engineering, Faculty of Engineering and Industrial
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The architectural control of nanocrystals with well-defined morphology has attracted significant
interest of material scientist and chemist because of the importance of the shape and size of
materials in determining their widely varying properties. Zirconium dioxide (ZrO,) is very useful
in many application due to their wear resistance, hardness, chemical inerness, high melting
temperature, poor thermal conductivity, ionic and electrical properties, creep resistance, hardness
and high elastic modulus. ZrO, thin films have several potential applications in wear-resistant
coating, transistors, optical coatings, superconductors, oxygen sensors, thermal barrier and ion
conductors. In this study, nanostructures of the ZrO, thin films were fabricated in open
atmosphere through the cost-effective and simple coating technique referred to as electrostatic
spray deposition (ESD). Such nanostructures were grown on glass substrate using zirconatrane as
precursor synthesized via the Oxide One Pot Synthesis (OOPS) process. Nanostructured ZrO,
films were characterized by means of SEM, XRD, and TEM. The results showed that the
morphologies of ZrO, nanocrystals can be easily controlled via tuning the weight ratio of

zirconatrane and ethanol. ZrO, structures presented nanoflower- or nanowire-like morphologies.
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