MenumIseaTaNysol

LY dos
msfuanzrTagnluaneunay

Synthesis of Nanomaterials From Rice Husk Ash

Tag

WEgNNI DA uazAB

£URN 2550

& L) d‘ o o
ou 1l VlfT'lLi"l]Tﬂi\?ﬂ']i



a v (Y J
i1ﬂd1uﬂ133%ﬂﬂﬂﬂﬁuyim

msdunsiziiaginluanndunay

Synthesis of Nanomaterials From Rice Husk Ash

U o W
ALK IDY aanm
1. MERANT HINA NWINENABYUATIVEI

v
a

a a [ -~y Y ~

2. HINYBY aANEIIIM minml1asmﬂiuiaﬂwsx%mnmﬁuqs
a a Y] ~
3. HIEAN NNINY uma‘nmaﬂquaswmu

4. wWggwa d1351ey ARINNGegUan s

- Qs tg Ve L 4
Tmams’mﬂu‘lmunuQﬂm‘mmnmmﬂammuﬂszmm

Uszditluilszana 2550
ISBN 978-974-523-171-9

2 q dy I @ ‘o
@A luswnuiiduved3se vou. lisuiudeuiudroaue 1)


User
Rectangle


o )
naanssuldszma

awv A [ L&Y Y @
TasamsTduides  msdunsred SaquTunndunay Tasumseiuayueudszinn
uHUANIAANINURBE AT TIMIISoureR dnirsuyszatos HAZUMINNGQUATIHE]
AuzdITovenuYeUNSEAM  SinauRmZATIUMSISELHA duinsudlssune uag
a o o o Y w o = a X t::y
unInedeguasysil Aldmivayuedssinalunsduivensselulemat uas

= -~ = d’ @ Y é
vovouRunIniland auzinemans A8l mivayugUnsalinznefiosaldly

4
& A

¥
MIAUTUIUIoAT 9T

AANT i

K

o
a

Wy augIssn

9

AN NW3 1%

gna d191gy



unagduims

Qo d’l o A o A @ (4% v Y
Tnsamsiveil Tinguszasameduiiunsdunseriag Inssaran Tunndunay
4 s 1 1 aa
ioennesnilszneudiulvavesunaud wwisznevludwddneulasen lud(sio,)
= o 4,
sz 2025% wnzensduvsdilszinnaglaa 75-80% ieriunaudis o1&,

é - I'4 v 3 ]
unaudsznoudlsdineulaoen e lssing 80-90% HAZINAITUDINIUNTZUINATS
o Y a =4 o dy a = Y PR a = o ¥ 1 Yy
Mmdusqns msisedley SUNNMTMTENWNIURIANNUT YT IR mulud

|

'
wa A a

1 v

Lmauwmqmmuﬁmeﬂuﬂz‘lsagﬁ’nmm%ﬁwamamsﬁ’ammzﬁimaﬁ%’muﬂu SDRENY
o J ' 4 o

wAnuMsIAs It unza i aseaeuesilsznevvessunzauiesandes tares

A oA ' o (a o o Y ° v =
!ﬂﬁ@\?l’@ﬁ11uﬁ1w1jﬂaﬂﬂiu1mﬂ1iu@ugﬂ@ﬁmi?u"lﬂ 'Vnch/iWﬁﬂjﬁﬂﬁ?%ﬁ@ﬂuﬂjquﬂﬁ']ﬂ

=

A o o Ay Yy A yyy ' Y2 A o a
maau"lﬂmmmnﬂmﬂﬂugiwam‘lﬂum LﬁJﬂl’lﬂLﬂ’]LLﬂﬁ‘U HASDIUNSDWRIIUTUAUNUMT

@ da 9 ar Y AN 9 a a2 I
‘l’lﬂﬂ’ﬂ\iﬁﬂlﬂﬂzﬁ’aﬁﬂTﬂ’i\iﬁﬁﬁuﬂu IﬂﬂfﬂiNﬁllﬂ‘utm’2&"11?J‘IJuﬂ’JﬂﬂTiLﬂﬂJ‘UN‘BUWNm%LﬂN

Q

o

v aaa @ 1 ' Y o ' J
duslizn Aedandiuduadu shldwnlummentond QMg nawazUIITEINA

199 A namsnansswuuiamsFunseriiaglassafion TunmegluuuidionSoudioy
AuTwnuns e lddudaduheenms  guinuuvesianTaseadionTufiduns e 18s

o/ o

anyauzzUI TN B0 M(morphology) ARIEARSY Tngmmiznnmswsuagiiedlag
MINAUBWNAY SIUnZaT 1azGeo, wnluvssomeavesiilulasou wwimsdunsiey
"‘J’ﬁﬂiﬂﬂﬁ%\iuﬂu 1 nanofibers, nanowires, nanonecklace, 1ag nanoparticles Lﬁm’ﬁ‘u uay
nnmaasenTagited lasnswamdunay unsl 1azGeo, wnluussemavesdi
DONYIU wiimsdunnziiaglassadronly wy nanosphere-chain, nanocoral, LAY
nanoparticles (AR nnamsnaaesisnaiIamsaaglIdh  msdunsigiag
Tnssadaun Tusmnsowonldnndunay

msduiundiomednlassefron uuasmstszgndld Sufumanimsieison

halmidmiuminisoludszmeing ‘nqyij‘ﬁ ihinldesunedsingmisalaineg deudhadudion

R.

{ 9

' &
QQU']ﬂLLﬁ%ﬁﬂ“lNﬂﬂﬂ msﬂumwmmn NHI ﬂ%wﬁuﬂ3ﬂ1!"l°ﬂ€]‘]el§]3Jﬂ"]f’f')‘ﬁ‘lﬂﬂﬂﬁﬂﬁ')i)ﬂﬂ

Y

o w

Unngluszeznmsuiifa usindn Tsfimwmsdunsiziaglassadron Tui ldanniss

3 [ ¥y Y
wumsiieluafell  nudiedieBdedite Heilideswn s enLUnAINS

a o 4 o =y [ ] v ' o
Wendmsvwauslunsarsdnns g linunfimsdunsier Insea?e  nanofibers
v
1 I~ @ @ W
nanowires Y38 nanonecklace nadwnauiazldnmnzawswiadiudinssdu fafums
¥ v
=4

o & @ ¥ = ™ A Y} A Y a '
duiuanluassiios Iduuumealunmsdnsuasiannauiidodes e lviNaguAmMg

ImMsuazanisens 1y




UnAnLo

t4

lweniddell  shnsdaasizd faglassadran Tunndunay Taenszuiunsma

Y y a Y a o J Y oA ¢ o ;
AWIBN MIMSIATININUIMEATNE Uz mENI IS ouns T wae Geo, Tugnsrdan
e eliludivegiivi(aluming boat) uazigLTOMHUFANDUGSIlicon wafer) 119'14E

4
a ' = ) o) 1 ] J

vinaa e ludeegiinn vinfuhdwegiin i ldluentendue s wnluussema

o 1 Y] o s o Ay sy =y o ' Y =
RUUYUUDTINANE DU HAIARuNgUdstMuaiidesms Yaadndidesliimiduasay

a Qs L

a o o Ioaa a Jd
sisunAndgungides thiagfetuuasguseuriudanoulUSnseriastnaoudas
4 . : . L

1303 stereo microscope, scanning electron microscope (SEM), transmission electron
microscope (TEM), X-rays fluorescence (XRF), uay X-rays diffraction (XRD) @1ufU

a 4 d 1 oa @ 'S o

mnzan wamsuese uaasldmuiufansdunneivostagTassadranly Tamawe
Y U 1 { o r

Tagdnedniinssunndunaunaunzamznirmeuns iy wasGeo, Awnluussenns

e P a ~ o @ v

vesialulasion Ngamgll 1200  esruvaien Wunm 3 $alue sxwulnseaa

. ) a &
nanofibers, nanowires, nanosphere-chain 148% nanocoral (AR



Abstract

In this research, we synthesized nanostructures materials from rice hush ask by thermal
process. The materials source will be prepared by mixture rice husk ask, coconut shell charcoal
or graphite and GeO, with various ratio. The materials source and silicon substrates will be put in
quartz tube of furnace tube, heated at various temperature and time. When the temperature cooled
down to natural room temperature. The materials sources and silicon'substrate will be checked by
stereo microscope, scanning electron microscope (SEM), transmission electron microscope
(TEM), X-rays fluorescence (XRF), 148 X-rays diffraction (XRD) on demand. From the results
showed that nanostructures materials will be growth. Especially, the materials source which
prepared by mixture rice husk ash, coconut shell charcoal and GeO, heated at temperature of
1,200 Celsius for 3 hours. Nanofibers, nanowires, nanosphere-chain and nanocoral structured will

be observed.
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3 CaO 0.1767 0.007

Compound Conc.  Absolute

Name (%) Error (%)

Ti02  0.0000
Ba <<

Al <<
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3 Ge 0.9441 Ba <<
4 P 0.4499
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Compound Conc. Absolute Compound Conc.  Absolute
Name (%) Error (%) Name (%) Error (%)
1 Si02 97.49 0.2 CaO  0.1205 0.005

2 GeO2 1.360 0.01 NiO  0.0000

3 P205 1.031 0.01 Ba <<
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Element Conc. Element Conc.
(%) (%)
1 O 5295 Ca 0.1029

2 Si 4557 Ni 0.0000
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4 P 04472
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Compound Conc. Absolute Compound Conc.  Absolute
Name (%) Error (%) Name (%) Error (%)
1 Si02 97.49 0.2 CaO 0.1439 0.005
2 GeO2 1.345 0.01 NiO  0.0000

3 P205 1.025 0.01 Ba <<
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Element Conc.

HOWwWN

0O
Si

(%)
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Ca 2.114
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(%)

K 1423
Mg 0.3842
Mn 0.0000
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Compound Conc. Absolute
Name (%) Error (%)
1 Si02 77.69 0.2
2 ZnO 1225 0.1
3 P205 4.752 0.03
4 CaO 2958 0.04
5 K20 1714 0.03

Compound Conc.  Absolute
Name (%) Error (%)
MgO 0.6370 0.01
MnO  0.0000

Fe <<

Al <<
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Element Conc. Element Conc.
(%) (%)

1 O 4887 Ca 0.5257
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5 K 05867
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Compound Conc. Absolute Compound Conc.
Name (%) Error (%) Name (%)
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A13199 3.19b

Element Conc.

1 O
2 Si

(%)

52.92
45.48

3 P 0.6094

4 Ca 0.6009

5 K 0.3901

Compound Conc.

Name
1 Si02
2 P205
3 CaO
4 K20
5 GeO2

Element

(%)

Conc.

Ge 0.0000

Fe 0.0000

Nb <<
r <<

Al <<

Absolute
(%) Error (%)
97.29 0.2
1.396 0.01
0.8408 0.02
0.4699 0.01
! 0.0000

Compound Conc.

Name
Fe203
Nb
Zr

Al

(%)
0.0000
<<
<<

<<

Absolute
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Element Conc.

Element Conc.

(%) (%)
1 O 5298 P 0.5008
2 Si 4557 Ca 0.1094
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Compound Conc. Absolute Compound Conc.  Absolute
Name (%) Error (%) Name (%) Error (%)
1 Si02 97.50 0.2 CaO  0.1531 0.006

2 GeO2 1.204 0.01 Cs <<

3 P205 1.147 0.01
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Compound Conc.

'Name (%)

1 Si02 96.03
2 GeO2 2331
3 P205 1.407

4 CaO 0.2339
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Absolute Compound Conc.  Absolute
Error (%) Name (%) Error (%)
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1 8i02 96.97

2 GeO2 1.751

3 P205 1.087
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Element Conc.

(%)
1 O 5325
2 Si 46.24
3 P 04105
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Element Conc.

(%)
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Compound Conc.
Name (%)

1 Si02 98.92

2 P205 0.9406
3 CaO 0.1437

Absolute

Error (%)
0.1
0.009
0.006
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NiO  0.0000

Ge <<

Mg <<

113



114

a

W |

3.5 AN TINIZHAIBE 197 INANA X-Ray Diffraction (XRD)

= o ] i =Y o a o Y] 1
Tumsnsidetaiwsonlddrumailn XRD 929m 5305 zyimms 019820819

a 9 kY o a [ a ] a [ 4
VW‘]'E'aniﬁﬂ‘l&!'ﬂﬂiQﬁﬁ']\?‘llﬂﬂ@\iﬂﬂﬁgﬂﬂﬂlmgﬁnﬂﬂ'lﬂ‘nWaﬂ’liﬂ']ﬂﬂ"lw SEM (NANIAURTIEH

o

= L Y
aq Insead1euwn Tu wamsiins e iRl

4 Qs T d‘ o Qo‘ 4 oy ~
LﬁﬂHTW’J@UN‘i’Im‘;UN%Tﬂ Lﬁ?&lﬂﬁﬁﬂiqwﬁ LNWﬁQﬂJ‘HQN 1,100 D3y Lese e L‘i‘Junm

' 1 9
2 F2lue lunssomevesomad lnadnnindudhginie dawsasims Inavesorme

a s a ¢ ¢ o i
sLimin 113n312%da0 XED uaaswamsiinsiziesdsznouna Taseadredegad 3.103

*Si0,

Intensity [a.u.]
L]

T T v ]
0 20 40 60 80 100
*2Theta
71 3.103 uraens 19 XRD veutwnauienluussemavesormaiinasani

¥ L] { o=y Q( $ =Y o
dehédet e susinidwnanuiqns wnfgangd 1,200 essnsaideaiiuim 3
#3103 Tuyssomevesie lulnsnuaiesasimsna 1 Lmin JWusseniavessas
' 9
20N BIIUAWEATIMS I1a 1 Limin uazluussenmavesermeii lariush §e8a5101s na

a =y I's
¥9491719 5 L/min 1305124 XRD uanswanisimsizviossdsznovuas lnssadts voq
¥ )
fou1ansa i 1daes U 3.104

U



115

| «Si0,

Intensiy|a.u.

0 20 40 60 80
°2Theta

51l 3.104 uaae n5 19 XRD voumunaviwluussenmanisgiv

d‘ 0o @ T d' ~ 9 9/ o a" ' ar t d'
BUTINIDYNY ﬂlﬂiﬂuulﬂi]”lﬂ WNAVUIYND naNgIUNea IR IaIN 2:1 N

v v E4 v
aamgil 1,100 esruwarFon 1una 3 421w Luussomevesonmei naruhnaudhg

[} o a '3 s
N @al’ﬁﬂﬂmi'lﬂﬁllﬂﬁ‘lli’)\‘l’tﬂﬂ'lﬂ 5 L/min LL’CT@NWﬁﬂ'ITJLﬂi"Igﬁﬂﬁﬂ‘]JiZﬂﬁ]'ULmSIﬂﬁﬂﬁ%lN

XRD v036208714 189931 3.105

Y

[

* Si0,
5
5,
r
k7]
<
o]
=

T
0 100

°2Theta

511 3.105 naasns 1 XRD veudwnaunandunyaIdasau 2:1 N luussnma

Y92 1MAN IHarIHIINaY



116

dioidedfimsounndunaunauaunza ons1dm 31 NN 1100

' ] } 4 v
partaifed uruu 2 %2 Tusdunssnmavesoinmad narnindu iigianvedudns

a s [ @ 1 o
M3 11a 5 L/min uermawamsansizvosnlsznounas Insead1a XRD vosded1eldaegiln
3.106

. oSi02

Intensityla.u.]

°2Theta

311 3.106 uaaansW XRD veudwnaunangunyadasaIu 3:1 wily

UIINMAVYIIMAN Inasn Ui nau

A o o ' a4 a v Y L) 4 1 [ 1 ~ =)
uJ’e)‘l‘!WI’)ﬂUNVIL@]ifJiJllﬂmﬂ WUNAVUITND maumuﬂzaﬂuamwmu 4:1 IWHINYUNY

] U

3 @ 4 v 3’ o 1 '
1,100 oaruaraioe a1 3 49lue luusseimavesemiad marwihnaudhginvoe

) a d '
#8051 MaveIoINIA 5 Limin  Laasnansuas1zysndsenouuas Inseadie XRD
V239819819 18A931% 3.107

L1

.si0,

Intensity[a.u.]

T T T T v T v T T T
0 20 40 60 80 100

°2Theta
314 3.107 uaaans 19l XRD voudmpauwangunzadATIa Y 4:1 11y

UITMAYRIOIMAN Inar i Inay



17

4 { ~ Qf U o/ 1 { o
dierhdedei ldnndwnauuigns  mauawnzarludasiaau s:higungii 1,100
o { ' 3 o Y 1 ] £ @
’f)ﬂﬁ'll“lfﬂ!,“‘]:fﬂf’f L‘ﬂ‘Lll’J’ﬁ'l 2 3 Tu9 °lumwmmﬂummmﬁﬁ‘lwamumﬂaumqmma AYBATN
a d '4 @ 1
ﬂﬁ"lﬁﬁ‘lj’é)\ﬁnﬂTﬁ 5 L/min LLT;WNW’ﬁﬂ'\i’)Lﬂ’ﬁ%ﬁﬂ\iﬂﬂi%ﬂ@‘lju’ﬁzIﬂ'ix‘lﬁ%l'l\‘l XRD ¥99407I0UN

1&de54h 3.108

G

. . SO,

Intensity[a.u.]

I v T 4 I v 1 ' ¥

0 20 40 60 80 100
°2Theta

51/ 3.108 uaasns1vl XRD voutwnaunana unzadnTIIM 5:1 hlu

YSTNMAVDIDIMAN IHaRIUINNEY

'
=4 )

4 L) 4 = Q( U o 1
diohdedui ldnndunauusgns wavawngmludasiaau 5:1 snngumgil 1,100

q U

9 o

ssrniaidod unat 2 1 Tus Tuussenevesha lulassun nadhgnvie dredasinms

R a 4 o 3 o 1 9y o a
Ma1lmin  uaaswamsiaswosddsznouuazInseada XRD  veedea ladsgun
3.109

. Si0,

Intensity [a.u.]

d T v T T T v T v T
0 20 40 60 80 100

°2Theta

31 3.109 naaansW XRD voudunaunanaHnzaIdNT 18U 5:1 111

[ J
m‘smmﬁmmmw"luimmu



3

A o

@ ' A o a = 4 (Y i
ethdredeseTon lanmidwnouusant wau unss  Tudasidau 2:1 wni

.

1

a [ o 4 ' 3’ o
il 1,100 srraidsa iwnn 3 92 lus luyssomavesermai lvamutinaudhg

G

o/

' a '3 g v
BN ﬁ'mf)ﬁﬁ’lﬂTﬁ"l‘ﬁa‘UﬂQ@'lﬂ'lﬁ 5 L/min LLﬁﬂQWﬁﬂTﬁ')Lﬂ51$Wﬂﬂﬂﬂ§Zﬂﬂﬂllﬁgiﬂﬁﬂﬂi’l\‘l

XRD 499610813 1889519 3.110

Y

. Si0,
s C

0 20 40 60 80 100
°2Theta

317 3.110 uaasns vl XRD veaudwnaumaamns vl Snsramu 2:1 wnlu

‘Hiiﬂﬁnf’ﬂlﬁ)\iEl1ﬂ1ﬁﬁ1ﬂﬁﬁhuﬁ1ﬂﬁu

o

d’ o @ v P — Y a =4 I'd @ 1 a
IBUINIDYIINIATHININ OUNAVUINS Nﬁll!lﬂﬁvlw'ﬂ Gluamﬂmu 4:1 tNNYUNYU

1,100 pasrusaidoa et 3 937 luussomevesalulaseoy  dawsasinsiva 1
T v v
Liminluyussnimevesemad tnakuindudiginime dru8asins Inavesernis 5 Limin

a d o 9 o t 9 o a
lt’cT@NNﬁf‘ni’JLﬂi'l%;"Hﬂﬁﬂﬂii:ﬂi’lmmziﬂ‘iﬂﬁﬁ\i XRD ﬂlﬂ\?ﬁ’)@ﬂﬁllﬂﬂ\‘ii‘llﬂ 3.111

[

* SiO,
*»C
=)
S,
oy
[%:]
=
2 .
£ N,
MMJ *
N LWW
Vapor renpnn "
'
T T T T T v T v
20 40 60 80 100

°2Theta

37 3.111 uaaanswl XRD veadwnaunauuns v Sanaau 4:1 enly

‘l.liitﬂﬂ1ﬂ‘llﬁ)~1"l‘uiﬂ5ﬁ)u!m$i)1ﬂ]ﬂﬁ“lﬂﬁﬁhuﬂ1ﬂ€ﬁ!



119

evhdied il sunmdunauuians nan Geo, lusasiau s:1 NV

a o o o Y
1,100 D3ty atcse s L‘l.lul’)ﬁ'l 3 ‘lf'ﬂlN “lumifnmﬁ‘umm%"luimmu ﬂ?ﬂﬂﬁﬁ']ﬂ'ﬁ"lﬂﬁ‘llﬂﬁ

v 9 3
MR IL/min waz lussnmevesomad Inaruhndudigave dassasims lnaves

I s 's
91N 5 L/min 4 AINANTT 'J!ﬂi1$W@Qﬂﬂ§$ﬂﬂﬂuﬁ31ﬂi\3ﬁ%}'m XRD

f3.112

Intensitya.u.]

Yoei0819 [ddeg1

|

. 8i0,
* GeO,

20

e *WUMMUW
M T M T v L
40 60 80 10

[}
°2Theta

311 3.112 uraans vl XRD veaudwnaumass Geo, Sasrau s:1 il

msmmﬁmm‘luimmmmzﬂmmﬁ‘lmﬁmﬁmﬁu

d‘l 0 @ L] d' = 9 9 =Y Q‘ 1 % T
LlI'EJuW]’J’E)U”NVIL‘?‘I’iUllllﬂ%TﬂlﬂnlﬂﬂUUSQVIﬁ WEUDIUNEDULDE ZnO 6114091'5'1’&‘[’.]”

1
o

2:1:1 INNYUYNY 1,100 9IALHDLY

9

naudginivie A2e8n31M 3 lvavess 17 el 5 Limin

=3
v

Y [y

& d A S
ae 1ua 2 ¥ Tu9 Glumsmmﬁﬂlmmmﬁ‘ﬂ"lwamum

a '3 J
LLﬁﬂQWﬁﬂ'\i?Lﬂ51$ﬁ@ﬂﬂﬂ3$ﬂﬂﬂllﬁ$

Tasea$19 XRD voeda0619 1ddeg1/1 3.113

Intensity[a.u.]

*

*

oy

. Si0,
* Zn,Si0,

v T
0 20

T v T T T
40 60 80 100
°2Theta

3141 3.113 waaana vl XRD veudwnaunansunzamas ZnO Sas1aau 2:1:1 141

luvssenmavesomeaitlnarnsingy



120

'
(Y ar v =

i = QJ U
detifradstafinion B unauuiagnt  weweungm uaz Geo, lu

9

[y 1 A oy o3| @ A LY
2RIITIU S: L1 IWINYUNY 1200 f)\?ﬂ%%ﬁl‘%ﬂﬁ vﬂunm 3 ‘B’JI&N 1um§mmﬁmmmﬂu

U

a 's J @ ' 9 o {
Llﬁﬂ\‘iNﬁﬂ'li’)mﬂ%‘ﬂﬂﬂﬂﬂﬁi.‘iﬂ@‘mmziﬂiﬁﬁ%ﬁﬁ XRD mmmama"lﬂmsﬂﬁ 3.114

UG

* GeO,
+ 8i0,
+Ge

T Y T v T T T T

20 40 60 80 100
°2Theta

§1Jﬁ 3.114 l!ﬁﬂ\‘lﬂ“ﬂﬂ XRD mmst?ﬁuﬂauwaudmnzmamz GeO2 59!511‘7"3“ 5:1:1

1 Tuussenmana q
domdotsiinionldnndunavuiqnd weauns e uazGeo, ludasidan
5:1:1 wnitgaangil 1200 ssrisaided e 3 $1Tue Wussomeialulasoudasinms
o 1Lmin SrwesndiousasinsIna 1Lmin uazernai arkwihndu Sasimslna s
Umin  uaaanamsiinsievosdszneuaz Tnseadrs XRD wesdesrefisnluussenme

a9 ladezai 3.115

U

. Si0,
«GeO,
+C
3
S,
<
[T} N
E forme Lw;::nw': e
. . r . : v T .
20 40 60 80 100

°2Theta
a Y d o 1
51 3.115 vanans 19l XRD veudwnaunanunslvinuag Geo, Sasiau 5:1:1

o o a d’ 1 :
w luussemavesmalulasou Masendoy uazeimanlnarwh




121

4. andsewanmsidy

o ﬁl. v o A = q" 4 =
mnsamInaanaei 30 llmbdaaieSaunndunaunSgnieniiguwugi
1,100 asrusade Tuusseniaueseman lhasibhndudhgiavo dradasims Inaved
0IMA 5 Limin a2 497w Tildanmw SEM szwnmadodvesYagiidanuaginm
by
nageszang 70 Um sngiu uaszinfealivinadszanm 1 dm mndavazdindn
o @ ¥ . e I = o o = a
anvazth lildlumsfnumediu micro-machining :iamsimseddaomaiia XRD natag
o 1 w T = 1 e a = d o = Lk
fpdsendruilundnuesganou laoen lwa(sio,) Aealf 3.103 wazdioilfAmszviaae
= = o ! a =
mAtiA XRF 12i09Alsznouans Sio, 98.44%, P,0, 1.199%, 1nzCa0 0.361% #390131313. 1a
- fe o &g ¢ - o o 4
waz 3.1b lealulodisudezeavaesnigiiluesnlsgnauiiesnnuin lddeeast o, si, P,
A o 1 aa ey ) ar a ' i 3¢
LagCa  IHOUITTHIOILHUT AN (silicon-wafer substrate) ¥9213001NHIA20E19 1) oredae
A ¢ Lt LA =T 4 ] & e 1 1 o
N384 SEM  WUTINTABAIU89010 1A Ti(nano-particle) HaUULAV0 AT UHILFUIND
fosnd 1 Pm uaanuanawaseymau ludsdideauaadagli 3.3
4 a  ar :; = = = 1 @l 1
dioriggwseunndunauuians waunzawzwinludasaiu 2:1, 41uazs:1
i = = 1 8 ' &
wigamgil 1,100 sswadea Tuusseimeavoseiman lnakushnaudhganve il
191 3 $3113 Aw8a51n1s 1Maves01Md 5 Limin Ta1edas SEM wuhilmaiiavesijunin
- o P A o @ - as - z y i
Si0, Az 3.6 uwaz 3.8 FIWANHASADBATINUTIENUNEITEVEY  Liou|Liou.2004]
a 5/ 1 5/
BharadwajliagAfiz[Bharadwaj ct al. 2004] Tawiluniin Si0, NaduszH NuloBauazFuA Y
5 > 4 o I ' Vo= o o o 1 1
uen(epidermis) WogUsoHNGanon Tildw SEM wudiflimsduniizdeagaldialnd

¥ . Foirn e e o
Lfmmmmmﬁn‘ssmemﬂnﬁmu@q ’ﬂﬂgﬂﬂ 3.7 0% 3.9

[#1347 Liow, 2004] [ Bharadwaj et al, 2004] [ Liou, 2004]
Weorhdag s eunndunauusens  weunzauEwETHIUMIA9AIenIA  HCI
Tudasidm 1:1 eniigaunndl 1,100 sssmadiod (Wwam 3 $2lus Tuussemeaeafes
Iulasauitlvadhgmnie dedas1 Limin hildedos SEM wuhiimanadusseyninu
a & £ e ! o L a @ ! g
Tudatuunneuganeulasenlsd Taslidudugudnaedosndn 05 Um asnsznad
voseyman ludeudwasiuauousasdgfi 3.1 nagiloigussardudsnoudsldan

mswdunavuignisauiusunzaludandau 51 Funa 2 ¥alus Adeu lufeai



122

' 1 1 a i o 1=l = E

Tilde SEM wuhiimsnedaveseymaun Tugilndefudouns ounaimauyuannunig
% 1 - 2w g R =
HagAMUEINEAI 1 Pm UMsnszniwSeeduiiunundeg Ui 3.13

& o ar A e 3 =) = o o ] o =
deiisgiesaunndunauuignd wauuns iiludasdan 21 eniiquugi

= { ' : ) 4 L ' = o e
1100 ssrwaion Tunssomeeseimeai nadnnhndwshginme Wuna 3 93709
A2W09A5IMS IMavae1Md 5 Limin 1g10870 SEM winiurwveslaadnisoaluanyaeiiy

[V g =& 1 s =g 4 o (== 1
doutuiainsuande llvndavududogl 304 sasdohamsourudanaylide
@10 SEMnunImsnedrveseymau Tufadumuuuisesvoumiudanoy udmanszas

flimineuedagy 3.15 1ags.16

ar =

A . - @ a o (e @ ) _ =
warNaguwssNIMWNaEaNT  weauns WA ludas a2 1uaz4l Wi
= =4 | = ' ' kY o
gungal 1,100 asmwawon Tuussnneweslulasaun lnadhdinve dedasinalne 1
o = a 1 } a ) 1=t . ]
Limin a3 $9Tus lulerodao Sem dsgll 3.17 nag3 21 wudhifagyseaougiluun v
= EF T 1 a v Al o 1 s '
fady ud i g lassadiun Ty uddethymsewudanaulddw SEM wueymau
- = 4? 1 (== - oo ) o
lunasuaiuIsasvRHLEAneN  wseymmidnbaisitiunsnan wseymmilunss
1 l:r E’i ar 1 - =
navdouaguudouimaouuanfazlf 3.18, 3.19, 3.20 uaz 3.22 lagoymau Tulivuia
Y e v ' =
uARuEnaateun nila lu Inauas
Y o e C! ri = QJ o 1 :ﬂ. =)
Weth¥agiiwsousiadunanignd wery Geo,ludnsiau 5:1 wifigamail 1,100
' £ "
psruaiue Tuussoimsseseimeh Tnasumihndudiudaiimsna 5 Limin @una 3
as v A o - S Y 1 ' w
Hlus wazFagiunluussnmavesirsluTasnuitlnadidave  &rwsasimslva 1
= & ' o toed 1
Limin ihunan 3 41w lildwdae SEM dagal 3.30 uazs31 wudhiiSaqusznougalumng
oy j ¥ T a b 1 - .:; & T =y ey Qr
A ua liwn g TnssardronTu udesnueymadafiuSnaurudanoudagl 3.32
o iagiassunndwnauusans sausunzauss za0 Judasidiu 2:1:1 i
- < g v .
guwgil 1,100 osrusarioa  Iwusstimavesemad larudnaudiesaiins lua s
Limin Whaamt 3 dalus uazagfivnluussememosiislulasouilvadhdiamo $ao
sanmslua | Lmin @uom 3 dalue Wehedao sem wuiiifagilssnevgduuylng
3y
vy Asg 3.33 uaz 3.34 Teadananiianuazadwivasinavaeusudfy mnldom
3 .
wnnhiieweziiminofatog Inseadranly  wezdodiswsswrudanounnmamn
v £ ] v
UssmevesenIah lnanningwueya [asaerinan lufafiuSnaurudanaudagli
335 dmsnszatedmeseymaun Tustuaiduedinmann Jasiivuavessynatosnds
0.5 m
A o oo { = = = 4 = =
e dagiwisunnidunanyians snfigamgd 1,200 ssrusaioa lunssenin
(24 =2 2 ar v S = o ' 9 1 otoar
VOIMFBONTWIUAWOATIANS IMA 1 Limin ihuam 3 $alug Nildrwde SEM wudhiiSeg

al -
TassaanTunafeiuiludnyazues nanowire 1 1§y anustavmeoslulnswas 1y



123

Fd ] ¥
aananunlaymafeiuuuiagdoulvaldgli 34G-b)  uasidiedigusousy

I e é = 1 =y
Fanaulew SEM dag1) 3.5@-bezwueymamn Tuidivinalsznaudonntd | fm e

TIUIDIHUFANDUAINAT

"
=

e iagnes s wnaunTanEney Geo,dns1au 10:1 IINBMUNAN 1,200
psrraies Tuussnmavosmyeendui lnarhdimmiedusasinisTna 1 Limin iy

' Fd 1
a1 3 $alus hildiedae sEM wuhilfaggilunTnifetuuandisldnndnuusdadegl i
3.25@b)  uAzleihgIUTeHUEanoURNGANINAII RS BIINMI RSN ALLaY
GeO, 803189 10:1 Tuwssnmauazgamgiliauliaw SEM wwwueymau Tunszaast
aiiudue Hunalszinuleond 1 fm ianumdudanaudegdi 3.26

diehirgms ey ndunauuSaninay Geo,8as1dau 10:1 wngamadl 1,200

o4 I = w at 2 o) o
varuwalier luussemevesmaeendnuaiedanms 4a 1 Limin flunar 3 $2lue W

&
¥ L 1 = wr 1& =i o
810A70 SEM wuhiflinisnadiadaq InssadienTuiiv Ssiifavazadin nanowires s1amat
Sfoululaswmsifndunaedudep 327 uasillethgusewrudanon ludenm SEM &
E=Y e‘éu P = = i ¥

3 3.28 w0329 zwveymmn luAatudunszanddnuazdudiadng manszaeda
ool
Aol

Wi FagiwsounmdwnanSgninay Geouar uns'lvly Sasdau s:1:1 W

. £ '
gangl 1,200 esruaaiiva Tuussmmavesermef lnardunindudiesasimsina s
Lanin it 3 $3us Tldwdae sem muhiifaggiiuulnifaiunandis Wondave
@iy Tassadion Tudagy 340 wazdioihigusesrudaneufinedmuudedsllde
ar I = d? at

SEM senuiaagihanlviifadunusiusesdagy 3.41

dll Qg ﬁ; = 9 =y = & ar L

IRMIAGIATINN I WAAVLTANT et GeO, nazuns 1oy Tusnsiaan 5:1:1 1w
TuwssomemveaialuTaawud lnadhdinie dredasmalua | Limin fgamgi 1.200
ssrradumiiune 3 dalus Tudwe sEm winulnseanan Tulidnuazdusynianss

= v oar T ' P % ' o
nauisesenundeldnIzneeiemivane  Tvnaduriuguinaisvemsanau sz
dound1 1 um Tnaeardian udsnd1201958n31 nanochains 331 3.42b uazdierigiuses
L) =3y 4 " or 1 ! @ = ;

uinganeufinuamudednldde  sEM  szwuTassafrinTuvesTaaifndunats

Y] a = g 1) i a = kY & = ar
5L U’]-ﬂﬂnﬂﬂlgﬂﬁ"]ﬂﬂﬂﬂﬁﬂﬂluslli’]‘:l@!uhlil U1Qﬁﬂyms“Iﬂﬁﬂﬁﬁ1ﬁﬂa’lUﬂﬁﬂﬂUi']U*ﬂuﬂ'ﬁ

b &

@ - . 1 o
WUDI Li uazAme [Li ot al. 2004] Lmxwuaumﬂuﬂm-’?‘luﬂqnnszgﬂﬁ’amﬂmmamm

71usININaa1INA0814



124

[ Li et al, 2004]

wednyazadieniuvenlzmisdianmndiedesndi 1 tm anmeranad 50 Um
Tassadhanulemssdsnanmafond nanocorals UeN9NHEINY Tnsaed1e nanochains
naznwagiungulnguuiwudaneudeniddan waainin SEM fag)
i 3.43(a-¢)

uamﬁ"ﬂﬁ15;m'smum'u@Sﬂmsﬁmﬁma’wﬁmthaﬁm?ﬂummﬁ’umamﬁ‘qw%‘ Wl
una b Tudasdan s:1:1 snluissnmmesiielulasioui nashgmme dwsasms
Tna 1 Limin Neaumgil 1,200 asrtuaraidea dhuam 3 $21a Tdre SEM azwuTassadana
Tuveseymanszaweduaitauodousoudursnaumanisdalidnunzndoniaty
TIBIIUIVBVY LitazaAne[Li et al 200415151 ‘HE‘lﬂil'lﬂﬁyffx‘ﬁ'm]ﬂﬂf‘l"f’ld‘lé’li’l.ﬁJ[N‘?ﬁﬂﬂg”lﬁl
3Una598195 8091 nanorods fiaunaifesnd 02 Tulaswms srannn 1 lulasams

o luauT VoG ANDY Fag) 3.44b

['I?;J.ﬂ Li et al, 2004]
nnwamsInT e Taadietiedend1ndons TEM fanmlugifl 3.64(a-b) smimsdaoged
mataGmdeseunnu ludnyazadeiounssnauinusoiissiu lasmssnausand
TnnaduiuguinaiadeenimileluTarmas Tanlusydl 3.65¢ uas 3.66a-b szifumsime
desfounsanaudananedisfanu Tasusdeunsanasiivinadosnd 015 lulnswas
w'lﬂmw"lugﬂﬁ 3.64(a-b) BT 3.65(a-c) WHANHAULAMYAAIAUTIBINUMIITOVDY Tepper

= 1 o @ T
WAz Berger [Tepper and Berger. 1999] dudlunmets TEM  #1ldandaeiiang

¥
= as

S1amy Wy d o as o =
Fanou laeen loaedugu NIINLEINANYMEARIUATINUIBIUNITIFEUDY



125

s | s o
Liou[Liou.2004] 11 Conradtilazamiz[Conradt et aL1992] #ldvnn1sdansizrinauly

Fanou'laeen lasanunaudia 4901 TEM f1uai
: .

[#1311 Conradt et al, 1992 [MaLiou, 2004]
& a o @ 1 w R T < 3t s =
uazdia 1 IagAd1aIna 1 T AnT1eHA XRE 9105 1Huaasdagin 3.99(a- uaz
M3fl 3.20(ab) nudwanilsznouvesiaalsznenaieng O $2.98%, Si 45.57%, Ge
0.8355%, P 0.5008% LazCa 0.1094% wazIagaanarilsznevaisailiznet Sio, 97.50%,
;. = a a I
GeO, 1.204%, P,0; 1.147%, LasCa0 0.1531% nHamsamitzietmlsznouveeiag 111
o o o o ] [ ' 2 = W@ o o & = v
wuesdlsznevvessmiveu ludagaedwainanamaiudoinaveunsosiouatiie
o o o 1 J = A o i 9@ A 2 o = 1 e
s iagdiedeilldling iz InssaieainnTer XRD Fwaawaegili 3.115 5muiiae
wr 1 E - o ¥ & e i @ -df o5 o v
et IaN laenizinumanazaaa s lanaruar ludesdauni e lunssone
= o o 1 (] =
voamaluTasnuazilingfinuowwdn Sio, Geo,, uay C #nvasmuousanaiezia
g d=q 3 ' £ o W o @ v 2
ainuns i ladudunaunisesiagiedis  dmiudredeiivnlunssonmemoing
[ 3 5
DONFIAU warluyssmmavesemead lnad i hinufinvesnandunsnainfinues
aa nl l\ o1 3 ] - - o : u'ul a > o - =
Faneau laasn leamiiv 51 Binuinndaasveuveand 1y 9199z [T IZINg
AsTUIUMIMAAiivems veutazoendiau luusseMARIna1? :INTI81MEIT8UD9 Lao
3 o ' 5
uazamg[http:/www.physics.be.edul lumsduniz TnseaiwunTuves sio,  Tasmsldna
v 5/ "
GeoHudmszdulgiser Tnseadanluves sio fimfoudwisifinnundioadeiunai

w303 14 TaensuIUNITVO U] HARINANTTUATIZHU0Y Laolaznaiedasddaais




126

lﬂﬂﬁ’]"jﬁﬂﬁma‘ﬂiu'i]'IﬂL‘ES’IJ’u!ﬂmJiJ%‘q'ﬂﬁ{ W GeO, UAzmUNTAIRFILATEI9E
mM3azaensa HCl anudindy 1 N ludanda s:1:1 wnluussonmmuosiglulasnui
Tnadhdianie dedasimsina 1 Lmin figumgd 1,200 ssmumademiung 3 $aTue Tl
0w SEM wwylassad o ludeialunawgiliuy ﬁﬁagﬂfwﬂﬁ"mmgmﬂuﬂu 1919
AAY nanoballs 3151918 nanofibers 313197218 nanorods NIRRT WeNLATY
desnd1 0.5 Um waznausieenmnah 10 Hm wenaniidany Tnssetran Tuiidnae
adieasonnegnia #301956n71 nano necklaces W30 nano-particle chains laogusredsndand
Mmndendeiufusenunsifeues Panuazanz17] walassadieiinundivese
oynntioend 0.5 fm uazinaudueaninni 300 Hm msdwmuadaamnsony Tassadha

nanofibers 8NA2Y

[#131 Pan et al, 2001]

g ussuriudaneuindannedelildw SEM sz Tassadiaun lurofaduadg
nawmume U lnssauadendsduiednll 119lnseadend oty nanofibers  wns
nanowires zilududoufuodrannneaiuie Womymdmmeves seM Winsues
W31 nanofibers LNE nanowires Andruimnannmsdediveseymafiilvinednunlai
11aeuni10.1 Um dm$ulasaathauns nanofibers uaz nanowires 1140 nn1s fans 1z
anuadwaiaiuAUIBIuTITeues Liazaaiz[li o al 2004] FsAuiunsdunsied
8i0,nanowires  lagmaindauweusyninmsdeioon laduazunduy I8isaloszmelilig

ey (T o = n:a. ar ¥
UafssugmsourudineninliifalassahadulonTuiy  Swmdmde  ues



127

Uy
= M g

ueNNNUIDIIIUSDMHUTaNEY Nedadiadehegs Tia1s SEM wwwuhiinsnszany

a '
Mveseymafiniuediminaue Tasflvuavoseymattosndt 0.5 m

9111 Li et al, 2004]

o

VAMIIATIET Tagiaed e imT o laoitdindndaenies TEM smu $i0 nanowires 11
IATINIINTIWNUNITIVEUDY WengerllazamsWenger et al.2003] fiu TeollagAfNe[Teo cf

o £ 2w 4 = = ¥ S 1, I
al.2003] NANHMZANEANINY nanowires Ms1AONTA TrwnuMsdTeniansnnzfinanng

UAAIAIN TEM Asgilduans

[¥an Wenger el al, 2003]



128

['ﬁll"l Teo et al, 2003]

b
uennniidaiinnmuadeadeiuiunsmionTnseariaunly Sio ¥ee PanuazAm[Pan ef al.
k'
2001] Hu Liangllagnmig[Liang et al. 2007] $9uN38 WullpzAmMe[Wu et al. 2000] BAAIY 910
UNUMEININes Wunnzanzduaanuanlinasy  photoluminescence VDY silica

. . A 1] A 4 ar 1 r
nanowires “If«‘l‘[]ﬁﬂ1Jﬂ€l£l£!ﬁ\3ﬁﬁ"lﬂ’3'!ﬂlmflﬂﬁu 435 nm UFAIAN W08 TEM @sﬁuma

[#1241 Liang et al, 2000]



129

= ST |
4200m 4

Pl Intensity (o)

" 350nm

5 . T

I‘m’ i e o K ,4:
Mo 350 400 450 SO0 550 B00 68D TG
Yavelength {nm)

(111 Wu et al, 2000]

nnmiinnziesilznouvesTaaimion I8 launtes XRE umanans R eiSans
= = T o ' o
lugili 3.99-n Lgaza’}’t114a1uﬁ151aw 3.20(a-b) mm|'J'l'Jm'gca’mmqﬁmﬂﬂwnammmq 0
52.98%, Si 45.57%, Ge 0.8355%, P 0.5008% uaz Ca 0.1094% Jugivosmsilsznouss
UszNouAIn Si0, 97.50%, GeO, 1.204%.P,0, 1.147% g CaO 0.1531% Mndeyadanaid i
o' o @ ar i A Y o ur & = | =
nownlsznovvesmiventufandinan  efleannndeditaveuniosis wie
A o o o [} ¥ o ar L] wr ] 9
nysINInaneenamsueuvuall  is1ldihiaadeiudind i ngeudae
399 XRD WUTIAY0IHEN Si0,, GeO,, g Ge Tuagdiedan ldvnnmamnluussons

i 1 & 1 :: a ar " H
vosialulasiou usssnummsiiaves Si0, muunIMEafIet1ienluuTsimees

'
o

Mwaandiou uazmarnluussenavesonai naruingy doyan XRD 19yl
= o P I me o ' 1 a =3 < -
WINNAvaIMTUeY  anmilonunnniriagainan lilmyveuduesdilszney ule
o e 2 e 1 o & 1
maveuil lassarssgledugwedlussdlsznouding
a2 ~ i 5 o o
NINAMIAINRLATIgT 10819820809 stereo microscope FRAIVY1Y
3 . E ! T o
Uszsnm 2,000 whezidlumsfinudiesduriogiufivesradataiindon 4 i Ty
In390§19119 microstructure huogalsitees T8 gnisdinm Taseadaane nanostructure
o1 Han1sHnA1end94 stereo mieroscope UAASMWIARIFUT 3.76(a-b), 3.77(a-¢), 3.78(a-
), UAz3.79(a-e) NN M TUNA Tnserirdnuaizveudy fibers, wires, oyn1A, N39nau

uaz 3Uuna (particles, spheres, rods) Us1ng Iiuluniwdsnai



120

vaRanInAaes 5 ldiimsnanowmsasaeutuiumsmioutoe lnssadron u
3 1 ar o Y s =1 9
NNl wunmsduaseidag Inasa i lunaeg gdianifiansowion1den
ATEUIUMTHASATNTAL
a o o 1
Tassadraunlu naen snuvasni i szgnd 191ss Tvnd luaudsqnaiea
- ¥ : o f oo =Y
AU[Liang et al, 2000] 194 nanowires gAilFlss TomflunugynsainTudidnnseiing
: . " o3 o o o | ; i
N1 mesoscopical physics ?J'IGE]mﬂ%’l.ﬂu‘li’]']ﬂ(prabe) dmsuaTes field scanning optical

microscopy, light emitting diode(LEDs), laTanwiia é’m iae field effect transistors(FETs)



131

5. agUwamside

b
NANaMINARRILAEMIBALT BN asoaznansduTuns 3T 18 ede 1l
[ I's 9 ' -~ a G 9
L. mydunassHoymau lunndwnay 1wy 3Unsanay fmdoy aunsomsey'’ld
mnnmmu’fmnau‘luu5'5mmﬁmmﬁ”maan@muﬁagﬂﬁ 3.308%3.5(a-b) a5y 1d91n
ﬂﬁmm’ﬁunauwﬁuﬁmﬂzmﬁﬂﬁawhmmﬂumsmmﬂmmﬁ”w"luhmuﬁqgﬂﬁ 3.11-3.15
a o 9 o A A o Y]
uazmmmms&uiﬂsms1\auﬂugﬂm5anawau‘wu1Juﬁmaﬂu"lmmmssmzmuﬂaumm
¢ o [} 1 [ [ {
uns lidasumaluussemeveafhe luTasoudegui 3,18, 3.20, naz3.22
ar da it o =1
2. msdunseriiaghiidnyazadvfou nano-porous aziinsnse £WAIVBIBYNIN
uﬂuameﬁmmuauugm ;muwumaﬂaumsﬂw 3.33-3.35 s s en 1891015 e
UAAUNANDIUNZAT 1ae ZnO Tuussemavesielulasioy HAZUTIOIMAYRIINMAT Ina
9 v
WIUTINAY
3. mydunsiei¥aq Tsea$reunTu i¥u nanofiber, nanowires, nanoballs,
nanonecklaces, 140% nanorods 1313010 30u IdINMs NI WAL HAVEUNEAT LAY GeO,
Tuvssomevesiielulnsouy miﬂw 3.37(a-k), gﬂm 3.38(a-e) HAZMINTLNIWAIVBIDYMIA
ammmummﬁﬂw 3.39(a-b) Insead19un Ty 1 nanosphere-chain, nanocoral 8% nanotrees
annsomson ldnnmsmudwnaunausuuns viuas GeO, luussoMIAvDINIY
Tulnsiounansfanmlugilii 3.42-3.46
o v b = @ Y Y
mﬂwamsmamﬂaﬂanﬁq1I"Imm1mmsmmﬂmﬁﬂTﬂimmuﬂu'lﬂmﬂmizm

v A a ¥q Y o o P o
Lﬂulﬂﬁ‘lm’lllﬂiz'lnuﬂ']iLL’GWNB‘L!1‘1]7]ﬂﬁ1’ﬂ’ﬂl-l‘lﬂ\1ﬂl! TﬂEJ‘lJﬁiQ?ﬂ@ﬂizﬁ@ﬂﬂ'lu‘l’l’ﬂﬂvl’l

Y t!’ v a e
VoL UBUULING INUNITIVE

1109913 AUTUMTIVENMIAIU nanoscience nanomaterials #39 nanotechnology
' 9 1y [y |1 o A av o e A g A 9 4
Aot Inddmsulszmeing MIANUUMTREAINaIDauRug U lumMsad e

9K 19 9o a a A o Y a v ' 9) (=Y
anug lniliuaesmsinms nguasthinldeurelsingae aeudrelng Sany
' .&‘ o i o a ae 4
gannuazanas doserfonaweany uazdseaumsallumsduiunusse wazdesnna
] }4

ouiia anonsuszAUANNVRIRLTuMI I tazdesiaveuniasiie futuluduves

msanﬂmawmwamaﬂﬂs winzagna Il ludndsng Wiunnnsnanes

v
Y ]

winfu et lsfimunnosdanudlmii1dluaded Tdmdfaeingaiies 191w

o

a d d
MM uITsRees uazam Tulszgndlu Tomade )



132

VITANUNIN

Lee, J-G., and Cutler, I. B.1975. “Formation of Silicon Carbide from Rice Hulls”.
Ceramics Bulletin, 54 (2): 195-198,

Amick, J. A.1982. “Purification of Rice Hulls as a Source of Solar Grade Silicon for
Solar Cells”. Journal of Electrochemical Society, 29(4): 864-866.

Hunt, L.P. et al.1984. “Rice Hulls as a Raw Materials for Producing Silicon”.
Journal of Electrochemical Society, 131(7): 1683-1686.

Mishra P. et al. 1985. “Production and Purification of Silicon by Calcium Reduction
of Rice-Husk White Ash”. Journal of Materials Science, 20: 4387-4391.

Liou, T-H. et al. 1996. “Pyrolysis Kinetics of Acid-Leached Rice Husk”. Industry
Engineer Chemical Resource 60(10): 568-573.

Kalapathy,U. et al. 2000. “Production and Properties of Flexible Sodium Silicate
Films from Rice Hull Ash Silica”, Bioresearches Technology, 72: 99-106.

Chandrasekhar, S. et al. 2003. “Review Processing, Properties and Applications of
Reactive Silica from Rice Husk an Overview”, Journal of Materials Science,
38:3159-3168.

Patel, M. et al. 1987. “Effect of Thermal and Chemical Treatments on Carbon and
Silica Contents in Rice Husk”. Journal of Materials Science, 22: 2457-2464.

Chakraverty, A. et al. 1988. “Investigation of Combustion of Raw and Acid-Leached
Rice Husk for Production of Pure Amorphous White Silica”, Journal of
Materials Science, 23: 21-24.

Real, C. et al. 1996. “Preparation of Silica from Rice Husks”. Journal of American
Ceramics Society, 79(8): 2012-2016.

Conradt, R. et al. 1992. “Nano-structured Silica from Rice Husk”. Journal of Non-
Crystalline Solid, 145: 75-79.

Li, S-H. et al. 2004. “Carbon-Assisted Growth of SiO, Nanowires”. Journal of
Physical Chemistry, B108: 17032-17041.

Li, Y.H. et al. 1999. “Intense Green-Yellow Luminescence from Nanostructured
SiO, With Codoping of Dy3+and AT’"”, Nano Structured Materials, 11(3):
307-310.



133

Meng, G.W. et al 1998. “Microstructural Characterization of Amorphous SiO,
Wrapped B-SiC Nanowhiskers”. Nano Structured Materials, 10(4): 601-606.

Meng, G.W. et al 1999. “Synthesis of 3-SiC Nanowires with SiO, Wrappers”.

Nano Structured Materials, 12: 1003-1006.

Tjong, S.é., and Chen, H. 2004. “Nanocrytalline Materials and Coatings”. Materials
Science Engineering, R45: 1-88.

Pan, Z.W. et al. 2001. “Temperature-Controlled Growth of Silicon-Based
Nanostructures by Thermal Evaporation of SiO Powders”. Journal of Physical
Chemistry B 105: 2507-2514.

Zhang, H-F. et al. 2003. “Synthesis, characterization, and manipulation of Helical
Si0, nanospring”. Nano Letters, 3(5): 577-580.

Pukird, S. et al. 2005. “Synthesis of SiO, Nanowires and Nanorods by Carbon-
Assisted, 31" Congress on Science and Technology of Thailand, Nakhon
Ratchasima, Thailand.

Liou, T-H. 2004. “Preparation and Characterization of Nano-Structured Silica from
Rice Husk”. Materials Science and Engineering, A364: 313-323,

Bharadwaj, A. et al. 2004 “Pyrolysis of Rice Husk”, Current Science.

87(7): 981-986.

Tepper, T., and Berger, S. 1999. “Correlation between Microstructure, Particle Size,
Dielectric Constant, and Electrical Resistivity of Nano-Size Amorphous SiO,
Powder”. Nano Structured Materials, 11(8): 1081-1089.

http://www.physics.bc.edu/

Wenger, K.S. et al. 2003. “Direct Synthesis of Amorphous Silicon Dioxide Nanowires
and Helical Self-Assembled Nanostructures Derived Therefore”. Journal of
Materials Chemistry, 13: 3058-3061.

Teo, B.K. et al.2003. “Silicon-Silica Nanowires, Nanotubes, and Biaxial Nanowires:
Inside, Outside, and Side-by-Side Growth of Silicon versus Silica on Zeolite”.

Inorganic Chemistry, 42: 6723-6728.



134

Liang, C.H. et al. 2007. “Different Morphology of Silica Nanowires”. Journal of Non-
Crystalline Solid, 227: 63-67.
Wu, X.C. et al. 2000. “Synthesized Amorphous Silica Nanowires Through the

Carbothermal Reduction Process”. Chemical Physics Letters, 336: 53-56.



135

MANUIN

UNANVATHT UM TINGUNT UV

Synthesis of Nanofibers and Nanowires from Rice Husk Ash
Supakorn Pukirdl*, Pichet Limsuwanz, Udom Tipparach1

Supon Samran' , Pattanasuk Chamninok' and Lee Chow’

lDepartment of Physics, Faculty of Science, Ubon Ratchathani University, 34190, Thailand
2Department of Physics, Faculty of Science, King Mongkut University of Technology, Thailand
3Department of Physics, University of Central Florida, Orlando, F1, 32816 USA.

Abstract

Nanofibers and nanowires were synthesized by thermal evaporation of rice husk ash,
coconut shell charcoal and GeO, with the ratio of 5:1:1 by weight heated at temperature of
1,200 °’Cin atmosphere of nitrogen for 3 hours. The diameter of nanofibers and nanowires vary
from 50 nm to 200 nm and length of several micrometers. The scanning electron microscope,
transmission electron microscope, X-rays diffraction and wavelength dispersive X-rays

fluorescence instrument are used to characterize the nanofibers and nanowires.

Keywords: Rice husk ash, nanofibers, nanowires

Introduction

Rice is a major crop grown in Thailand. After rice grain milling, rice husks remain as a
waste material. Many peoples have tried to use these agricultural wastes to produce useful
materials such as silica , silicon carbide , silicon nitride or silicon for solar cells[1-3]. Rice
husk is one of the largest readily available but most unutilized biomass resources and has
long been an idea fuel for electricity generation. Pure amorphous white silica was obtained
from complete combustion of acid—treated rice husks. The amorphous silica is a primary source
of pure silicon , which is widely used in manufacturing photovoltaic or solar cells for

power generation[2-4]. Silica is a group IV metal oxide , which has good abrasion
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resistance , electrical insulator and high thermal stability. It is insoluble in all acids except for
hydrogen fluoride (HF). The electrical property of silicon from rice husk ash are very
sensitive to the presence of impurities , its electrical behavior is based on its inherent
electronic structure[5-6]. Silicon nanowires have attacted much attention in mesoscopic research
and device applications as well as in fundamental research because of their highly interesting
optical and electrical properties[7]. Silica from rice husk ash is widely used as ceramic
materials both a precursor of other ceramic products and silicon materials such as silicon
wafers[8-9]. There are several researches on the preparation of silica from rice husk[1-6,8-9].
Conradt et al.[10] found that the particle size distribution of fumed silica could be obtained by
burning rice husk at temperature of 600 ’Cin atmosphere of air, oxygen, or steam. Real et al.[3]
revealed that a homogeneous size distribution of nanometric silica particle could be prepared by
heating rice husk at temperature of 873-1073 K in atmosphere of oxygen. Liou[11] reported that
uniformly sized ultrafine silica powder can be obtained by nonisothermal decomposition of rice
husk in an oxidizing atmosphere. The characterization of silica prepared by heating the rice husk
at various heating rate. The results was observed that the average pore diameter was 5.4 nm, and
the average particle size was 60 nm. Silicon dioxide or silicon oxide nanostructures such as
nanowires could be synthesized in many processes from silicon dioxide or silicon oxide source.
Pan et al.[12] reported that silicon-based nanostructures with different morphologies, sizes,
compositions, and microstructures were grown on Si wafers by thermal evaporation of SiO
powder at 1350 °C for 5 hours under 300 Torr of a flowing gas mixture of 5% H,-Ar at a flow raté
of 50 scem. Dikin et al. [13] revealed that amorphous SiO, nanowires could be prepared via a
vapor-liquid-solid process using moltenGa as catalyst and a silicon wafer as the Si source. Highly
aligned SiO, nanowires with diameters from 50 to 100 nm and lengths from 10 to 50 micrometers
were obtained in high yield after a 5 hours growth. Saulig-Wenger et al. [14] reported that
amorphous silicon dioxide nanowires could be synthesized by heating silicon powder and
graphite at 1200°C under a mixture of Ar/0,(99.2/0.8 mol%) for 30 min. Amorphous silica
nanowires with lengths up to 500 micrometers and diameter in range 10-300 nm will be observed.
Li et al. [15] found that SiO, nanowires could be obtained by solid-liquid-solid (SLS) process of
ZnO powder and graphite powder heated at 900 to 1100 °C. The resulting nanowires have a Si-to-
O ratio of 1:1.63 and a diameter of 50-300 nm. And the diameters of the nanowires increased with

growth time.




137

In the present work, we studied on synthesis of nanofibers and nanowires by
heating rice husk ash, coconut shell charcoal and GeO, in atmosphere of nitrogen, In addition,
the rice husk and coconut shell charcoal were treated with acid leaching to remove impurities
from the materials source. The physical of materials sources and the specimens on the silicon
substrates were examined by several techniques such as stereo microscope, scanning electron
microscope (SEM), tunneling electron microscope (TEM), X-rays fluorescence (XRF), and X-

rays diffraction (XRD) with appropriate manners.

Experimental

The rice husks, which used in the study as a byproduct from a rice mill and were washed
with tap water to remove all adhering soil and dirt. They were dried in the sun. The dried husks
were then washed with distilled water and dried again in oven with temperature of 60 °C. The
dried husks were submitted of chemical treatment. The rice husks and acid solution 1 molar of
HCI were mixed in a glass beaker placed on hot plate with temperature around 90 °C for 1 hr. The
solution was filtered and the rice husks were washed with distilled water several times until acid
free. The acid-leached rice husks were dried in oven with temperature of 60 °c. They were heated
at 600 °C for 1hr. The coconut shell was cleaned by tap water and distilled water several times
and dried in oven with temperature of 60 °C. The cleaning coconut shell was burned at 400 °C for
being charcoal. The coconut shell charcoal was ground to be powder and put in a glass beaker.
The 1 molar of HCI was filled and soaked for 1 hr. The solution was filtered and the charcoal
powder was washed with distilled water several times until acid free.

The materials sources consist of the mixture of cleaning rice husk ask, coconut shell
charcoal or graphite(99.99%, Alfa Aesar) and GeO, with ratio of 5:1:1 by weight. The materials
sources and silicon substrates were put in a quartz tube furnace, heated at temperature of 1200 °c
for 3 hours under atmosphere of nitrogen with flow rate at 1 L/min. When the temperatures
reached the setting points, the switch was turned off to cool down room temperature naturally.
The materials sources and the specimens on the silicon substrates were examined by several
techniques such as stereo microscope, scanning electron microscope (SEM), transmission electron
microscope (TEM), X-rays fluorescence (XRF), and X-rays diffraction (XRD) with appropriate
manners. The figures 1-7 and table 1-2 showed the results of products which prepared from

mixture rice husk ash, coconut shell charcoal and GeO, with ratio of 5:1:1. The figures 8-12
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showed the results of products which prepared from mixture rice husk ash, graphite and GeQ,
with ratio of 5:1:1.
Results and discussion

The products tformed could simply observing clearly different in color with the naked eye.
The morphology of the synthesized nanomaterials can be characterized. Figure 1 shows the stereo
microscope image of the wires-like structure formed on silicon substratc (a) placed on materials
source (b) placed next materials source. These pictures are expansion around 2000 times. They

show clearly surface of sample on the substrate. Which to be used pre-checking for next study.

Figure 1. Stereo microscope image of the nanomaterials formed on silicon

substrate (a) placed on materials source (b) placed next materials source
After pre-checking, we took the materials source and the specimens on silicon substrate to next
examination. Figure 2 shows the SEM image of the nanofibers structures synthesized from upper
side of materials source in (a) and the chainlike or necklace-like structures formed between inter

layer of materials source in (b-d)

Figure 2. SEM image of the nanomaterials formed in materials source

(a) upper sample (b-d) inter layer of sample.
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Figure 3 shows the SEM image of the nanofibers and nanowires structures synthesized on silicon
substrates which placed (a) on sample (b-c) next sample and (d) the expansion of

image (c). We can observed the complex of numerous nanofibers and nanowires. The length of
nanowires is more several hundred micrometers, When we expanded SEM image, the surface of

fibers and wires will be appeared consist of many nanoparticles.

Figure 3. SEM image of the nanomaterials formed on silicon substrates which placed

(a) on sample (b-c) next sample and (d) the expansion of image (c).

Figure 4 shows the graphic peak of XRF of materials source which synthesized nanostructures
in figure 2, We can observe peak of O, Si, Ge, P and Ca which is consisted of nanostructures
materials in this figure. From table 1 and 2 show the elements and compounds consisted of
sample. They show that the compound of SiO,, GeO,, P,O, and CaO arc still in nanostructures

materials after synthesizing,

T pe]

Emeadikcsal
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F|gure 4. XRF peak of the materials source of ﬁgure 2

Table 1: The element consisted of materials source.

Element Conc. Element Conc.
(%) (%)
a 5298 P 0.5008
Si 4557 Ca 0.1094
Ge 0.8355 Cs <<

Table 2: The compound consisted of materials source.

Compound Conc.  Absolute Compound Cone.  Absolute
(%) Error (%) (%) Error (%)
Si0, 9750 0.2 Ca®d: [ 01531 0.006
GeO, 1.204 0.01 Cs <<
P.O. 1.147 0.01
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Figure 5: XRD curved of materials source.
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We also worked the X-rays diffraction for checking the structure of materials source, Figure 5
show XRD patterns of materials source which heated at 1200 °C in different atmosphere such as
N,, O,, and in one atmosphere of air saturated with water vapor (vapor). XRD patterns showed all
materials source were cryslalline structure. The materials source which heated in atmosphere of’
N, consisted of GeO,. Si0,, and Ge peak. But two materials source which heated in atmosphere
of O,, and in one atmosphere of air saturated with water vapor (vapor) consisted of 8i0, peak and
small GeO, peak. We used transmission electron microscope for observed the nanostructure of
materials source. In figure 6(a), TEM image showed many particles consisted around wires, We
can observed the expansion of this image 6(b-d). The expansion of image reveal the diameter of

each particle is around 20 nm.

Figure 6 TEM image of the materials source.

Figure 7 show the TEM image of the products formed on silicon substrate which synthesized
nanowires structure show in figure 3(b). The magnification TEM image showed the particle
consisted on tip of nanowires. In the delails, we can also observe many sphere-like particles

consisted of wires.
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Figure 7 TEM image of the products formed on silicon substrate.

For comparison the experimental results, we used graphite replace to coconut shell
charcoal. We would like again to pre-checking by stereo microscope before take to another
instruments. Figure 8 shows the stereo microscope image of the wires-like and rods-like structure
formed on silicon substrate () placed on materials source (b) placed next materials source. These

pictures are expansion around 2000 times. They show clearly surface of sample on the substrates.

Figure 8: The stereo image of products formed on silicon substrates.

Figure 9: The SEM image of products formed on (a-b) materials source (¢) silicon substrate

placed on materials source (d) silicon substrate placed lower materials source and (e) silicon
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substrate placed next materials source. These images show the nanostructures of products.
Nanosphere-chainlike showed in (a) and (c), the diameter of sphere was around 0.5 micrometer.
In figure (b) showed the image nanocoral-like, and we could observed some nanorods and

nanaparticles in figure (d-e).

Figure 9: The SEM image of products formed on (a-b) materials source

(c-e) silicon substrate.
Figure 10 shows the graphic peak of XRF of materials source which synthesized nanostructures
in figure 9. The materials scurce prepared from mixture rice husk ash, graphite and GeQ, with
ratio of 5:1:1 heated at 1200 °C in atmosphere of nitrogen for 3 hours. We can observe peak of
0O, S, Ge, P and Ca which is consisted of nanostructures materials in this figure. From table 3 and
4 show the clements and compounds consisted of sample. They show that the compound of Si0,,

GeO,, PO, and CaO are still in nanostructures materials after synthesizing.
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Figure 10. XRF peak of the materials source of figure 9.

Table 3: The element consisted of materials source.

Element Conc. Element Conc.
(%) (%)
O 5284 P 04745
Si 45.33 Ca 0.1406
Ge: 1215 Gs1 <<

Table 4: The compound consisted of materials source,

Compound Conc.  Absolute Compound Conc. Absolute
Name (%) Error (%) Name (%) Error (%4)
8i0, 96.97 0.2 Ca0 0.1967 0.008
GeO, 1.751 0.01 Cs <<

Ea, 1087 0.01

We also worked the X-rays diffraction for checking the structure of materials source. Figure 11

show XRD patterns of materials source which heated at 1200 °C in different atmosphere such as
N,, O,, and in one atmosphere of air saturated with water vapor (vapor). XRD patterns showed all
materials source were crystalline structure. The materials source which heated in atmosphere of
N, consisted of 8i0,. GeO, and C peak. But the other two materials source which heated in
atmosphere of O,, and in one atmosphere of air saturated with water vapor (vapor) consisted of

Si0, peak and small GeQ, peak. We used tunneling electron microscope for observed the



nanostructure of materials source. In figure 9(a), TEM image showed many spheres consisted of

the chain-like. We can observed the cxpansion of this image 9(b-d). The expansion of image

reveal the diameter of some sphere are around 0.3 micrometer.
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Figure 11: XRD curved of materials source.

Figure 12: TEM image of the products formed on materials source.

Conclusion

In summary, the formation of the nanofibers and nanowires can be synthesized by heating

mixture of rice husk ash, coconut shell charcoal or graphite and GeO, at temperature of 1200 °C
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in atmosphere of nitrogen with flowed rate of 1 L/min. The structures of these products have been
characterized by stereo mi croscope, scanning electron mic roscope (SEM), transmission elec (ron
microscope (TEM), X-rays fluorescence (XRF ), and X-rays diffraction (XRD) with appropriate
manners. Thesc nanostructures may be used in future applications in nanotechnolo £Y.
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