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Particle Characteristics of Flame-Synthesized y-Al,Os; Nanoparticles
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Key Words: Particle Characteristics(%} A57J), Flame Synthesis(ﬁ]r?% 3H4), Gamma-AlOs Nanoparticles(717F-ALOs
U= A}, X-ray Diffraction(X-41 3]%), Scanning Electron Microscope(AF A& w1 7)), BET
Specific Surface Area(BET H]3E ™ %)

TAoE ARER ke S o] 88t dFuY YngixE AT o, e TG
o oy ﬁ}é%AA FFS =AY FdE Yy x e 545 dxEnE oA, 24
71Ee] A7) B4, SEeE 54 59 oy EAEA WHoR ARGt AREE 3}
o] FAE HuLLl: Aol AAEETE 19, 21, 30, 47%S1 ZFzre] A#E 7oA 1507.8K, 1593.8K,
1753.1K, 1998. 7K. & =A%l SEM o]u]*x] #4] 2 BET H|ZEHZ =4S Esr = 47% AthsEel A$-
o= 50 nm F9 E‘W“ﬂ TH YA *Mﬂi’i%g gola = o, 19%S} 21%2] Aol $HE A
B2 20-30 nm 9] PAE B 5 AT XRD Ao A= ek(y)- LT L} TE 01‘“ Ao fE
o} oo A= H}E“"i ol GA 2 ARRE7] fIgh L L‘rw‘ A2 A4 sl gk 7P Adek
ZAao g AP U] A oAM= AA 9] AaFETF 21%2] F O HA 7&%% daE 4= Ik

Abstract: In this study, y-ALO; nanoparticles were synthesized by using coflow hydrogen diffusion flames. The
synthesis conditions were varied with using several oxygen concentrations in the oxidizing air. The particle
characteristics of the flame-synthesized Al,O; nanoparticles were determined by examining the crystalline structure,
shape, and specific surface area of the nanoparticles. The measured maximum centerline temperature of the flames
ranged from 1507.8 K to 1998.7 K. The morphology and crystal structure of the ALO; nanoparticles were
determined from SEM images and XRD analyses, respectively. The particle sizes were calculated from measured
BET specific surface areas and ranged from 25 nm to 52 nm. From XRD analyses, it was inferred that a large
number of the synthesized nanoparticles were v-Al,Os nanoparticles including 6-Al,O; nanoparticles.
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AbEE FuiE S wiNE §dstaat st
Aoln, dxpdoz HAA3 dFuj} ate] A
AEAS AAs = Ao Fa3 Aot}

2 Ao Ad AAHE Figo 1o e
ALO; Y=ol HFAZ= ATSB (Aluminum
-Tri-Sec-Butoxide, Sigma Aldrich)E A}-&3}H, H
Bel(TE7]) dellA ATAE 170 °C2 FA=HE
Aol A of2(Ar) 7FaE EIAIE she] BE

1S e 3 WE FaErh dA 9
EAS Fol7] Aot HUete AgE HAast
A dAPeE gAas el Bt 39

2 a7t AHEY, dsAEs da
NAE SIS IV TR Akas

19, 21, 30, 47%)5 AH&3te] shdz7e] W3t

TR AFA WA, ds, 1ga Akst

= 7 AZFFFEE7]|MFEC, mass flow
controller, Kofloc)S XA ®yd] FF=HH, H
Us 25 o] u(2-d traverse system, Samick
LMS)E EalA &3 HAE Aottt

HU &= 35 55802 FAH A glon, &

TA7E TH7IAeE A FEEHE Y T4
#2 Y74 3.87 mm, A5 FAE TS F

=1

HA e W7 1657 mm, L3l ASHAE &

rlo

2 mlm bt Jov 1o, O 1@ olo
re
> o

Ar H, 0, N, Air
(Carrier gas (Fuel) (Oxidizer)| | (Diluter) | ] (Oxidizer)
1 1 1
M.F.C LF. F. (MEC]
ATSB .
Evaporator Burner

| (Hydrogen
Diffusion
Flame)

Flame Hydrolysis

| Nano-sized Particle Formation |

— Temperature Measurement

A
| Particle Sampling |

SEM, XRD,

I Characterization | BET Analvsis
b1 Analysis

Fig. 1 Experimental procedure

270 W YAEY AT 511

st Al HA B W 70.0 mmoltl €5 F7)
of gt st wes 9] fske] el 200
mm®] o] yho] v flof 91X gt}

A ATSB7F oF 232 7h2=e} A Mol &
vEol stddE Auw 7Sl (hydrolysis) 9k

H

disl A4S Fske] B Y dAE A
i AR skels Eekel AAdE A £
< 3t9E "ol Fol FUHA Q) iR A
dAke] WS wjAlsr] fleke] WY el A 230
mm 3HFolA JAE ZEJIE A" TS AL
&ste] 495 E3 T

¥ dAH= FE-SEM (S-4700, Hitachi Inc., in

KBSI Jeonju Center), BET (UPA-150, Microtrac, in
KBSI Jeonju Center), XRD (DMAX-2500, Rigaku
Inc.) 5= °l&ste] SAS EAsdlth =3, &
EAYHPE o188 2EFHE 6 SHEX
o] £L2 A7 50um<l MA(fine wire)®] R-3 (Pt /
Pt-13%Rd) EANE ARESITE 3k ol A9
RS ﬂlv*lﬂ~ 0.5%% AAston, ¢
H o dAdge 1A A/D AWE|HP 34970A,
Agilent)yE Fall HAHE A o] HFH A
AL HY €L 722 #o] 10 mmF-H
5 mm (FACRE 5 3] B SA5te] HHAE T
s

Table 12 A9 dFvy Ywdas ¢4
7] A% £ 21 55 HEh ZoR2AM T
Hia BE VA G dgA SueEs dA
Al frAtemA Zhzhe] 23N ddFd 54
& e s ZA] fsiM AR A

1

T-AQl ATSBE 170 °CE fA¥ FH7]o] 91
sty WH7]AIQl of=<To] 0.3  Ipm(liters per

2 SU7E et s W

Table 1 Experimental conditions

Flowrates (liters/min.)
Gas 0, Precursor (ATSB)
Ar H, 0, ‘ N, | Air | C ation Evaporati
of Oxidizer (%) Temperature
Function | ATSB | Fuel Oxidizer
#1 03 20 | 0.0 | 3.7 | 300 19
#2 03 20 | 00 | 00 | 33.7 21
170°C
#3 03 20 | 3.7 | 00| 300 30
#a 03 20 | 111 | 0.0 | 22.6 47
Tube Inner
Diameter | 3.87 | 16.57 70.0
(mm)
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Fig. 2 Direct photographs of ALO;-forming Hr-flames
with several O, concentrations in oxidizing air:
(@) 19%, (b) 21%, (c) 30%, (d) 47%

z‘sﬂ oﬂxﬂq]f—i o],&g}oq Fig. 3
AR Fo)d AAs o

19%= 3 Ao A
FolA e Ha2E7F Y FHelA 40 mm 3}
A 1507.8K=2 SAHASH, F7]E AtsiA=Z &

B asE 21%)0E 9A] =WEgow &5
40 mmol A 1593.8KE Hi2w7F =AU

2253} ¥ (oxygen-enriched) A9 30%%2} 47%
*Fi%EOHH% ZkzE e gell A 35 mméet 25
mm 3FFolA 1753.1K¥} 1998.7KC.2 FTAF F

AeE7E SAHNY. AnEErt SHESES F
FFgor HuLLe AV F 9 WY Jow
Aoge & dn
Fig. 3°ﬂ FEAE 2EFHLS ATSBE FYaHA
L FHIAIRL of=anks S Ul= FRIg A5
ol, Aol HANEEAS B N (compensation)dh 3k
ok e HAREEA WAk 1600K7 1800K
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SoA oF 50%9 80% AL ke Kol 9]

P e, ez vehd FAAe 33 2 4
A dEdAE AREste] dERIY S sk
o] REFE TAFY o7& dHANL o=
7he] A EHE QdE Fasde LxAIE
o A 54 Aew Az sAu §A
H Ao xS = o Fudd Hre v}

2000 »
L] £19% 02

' 421%02
030% 02
47%02

1700
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1100

Temperature (K)
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Height Above the Burner (mm)

Fig. 3 Averaged axial temperature distributions for
several O, concentrations in oxidizing air
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g13tel SEM olm A& 23T Fig. 49 ov|
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Fig. 49 (a)¢F (b)°] 1P MEYAe] =
71 20 - 30 nm FFO 2 Ho|w, Jap Aol
50 nm o] o® HolE AAEE 47%% (A<=
e Fols Holn gtk 379 AbAFLETh
30%21 ()= (a)2t (b) EE}“ oF7F 2 9z} 7]
2 rwola AUtk (oA 7= N A=)
AMZ SHE FHE Bolal Jon, o= &
2 ()= dHer oA AZ(sintering) &
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Fig. 4@)°1A ()= 255 4= 271 FH
7F olEA ZEfAE UL AtsAl F9o i
L7t S7HERA 9] E7F AdEsidlr] Wi
olt}. ¢4 Fig. 39 nZoA HoETe] MU=
SAE FAFY] HAALXEE 15078K(ATAEE
19%)°1 4 1998.7K(At A% 47%)C. 2 A3l
ATH

SEM olmAlo] A A2 BAZQ HARE B

e}
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Fig. 4 SEM images of alumina nanoparticles synthesized
with several O, concentrations in oxidizing air:
(@) 19%, (b) 21%, (c) 30%, (d) 47%
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A o, FAE JAES H
63.44, 47.36 2 29.06 m’/ge 2 FAHHAT. A4
o HlEuAd oA dubdom duA Sl
Fujue] A 395 g/m’S AFEEke] YAk
Ada AMdsA=H, 47 250, 239, 32.1
al 523 nm=z AT AR AR A
SEM olux|¢} HluatH Z Reghs o
ot
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2o AF3E npe} o] 2
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7HA frREzzdel diste] FAE JAe] ARE
olr 7] 915te] XRD A4S AAgon Axs
Fig. 59 YERASIE XRD 48 XA 3ds

olgstol BAe AATEE WA AORA,
Qe o2t wE ey el o 37
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Table 2 Measured specific surface areas and calculated
particle diameters

0, Specific Pore size (nm) Calculated
Concentration | Surface Area Particles
of Oxidizer (m?/g) Adsorption | Desorption | Diameter (nm)
19% 60.82 119.38 | 114.73 25.0
21% 63.44 118.62 | 114.10 23.9
30% 47.36 116.29 | 113.27 32.1
47 % 29.06 192.03 | 180.13 52.3
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alumina nanoparticles with several O, concentrations

Fig. 5 X-ray diffraction patterns of the synthesized
in oxidizing air
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