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Development of Burner Flame Synthesis Method and Dispersion Method
for Nanoparticles using Flash Boiling Spray

(Effect of Changes in Movement Velocity of TiOz Particle on Characteristics of TiOz Particle)
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Flame synthesis method is commercially important because of its relative low cost, one-step process
and it can be operated as continuous processes. Recently, several kinds of new flame synthesis method
for nanoparticles have been proposed to solve several kinds of problem regarding to vapor-to-particles
and droplet-to-particles formation processes. For improving their problems, the novel nanoparticle
synthesis method by applying the flash boiling spray to flame synthesis method is proposed in this
study. This method is expected that a uniform sized particles with composition and non-agglomerated
state can be generated in high purity. In the construction of this method, it is important to control the
particle nucleation and growth processes. The particle residence time in the field is a significant
parameter affecting the particle nucleation and growth processes. Thus, particle residence time is
tried to change through the variation of the N, carrier gas flow rate. The objective of this report is to
investigate the influence of N, carrier gas flow rate on the TiOz particle characteristic. In consequence, as
the N, carrier gas flow rate increase, the primary particle diameter decreases due to the short particle
residence time. And the agglomeration is inhibited by elongating mean free path due to the pressure
drop. Moreover, since particle growth is performed quickly by getting higher N, carrier gas flow rate, the
transformation of anatase to rutile phase was inhibited.

Keywords: Nanoparticle, Flame Synthesis Method, Flash Boiling Spray, Two Phase Region,
Injector, Burner Flame, Nanoparticle Dispersion
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Fig.1 Schematic image of nanoparticle production
apparatus with flame synthesis using flash
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Fig.2 Schematic image of nanoparticle dispersion apparatus

using flash boiling spray

DIRIE Ty L Tee DZETH DIBEVEAQL 75 DB XL X
RO,

BESEZE 2 ARG TIBRICHEAT 5 2 LIk IEEN
WIRIRIRRE TR SN FBHRIR O 22 F LB FBE & 72 5.
F7o, FARIAKIE L REKIEIIDZETH HIHLEE Ap DK
DXL DR BN R FBITIER L, WALEERIZ B Tk
b & FRFRE AT U CHRIRF IR T ISR 5. £ OfE R,
IEFPIC ) — e R RIREE S & TU R FTRE & 72 D T okL 1 D et
ZEHIL, FEREENOEME T R ORRPAREL 2D,

F7, AOBFECENT, T/ RTFBLOSEIEDIRE
WIRERER~EETHLICLD, RRFrvET—a v
RIARENEIICEE L, BERTROBENS EEZLNS.
I, BIEBBIC XL oMoz SE 5 Z & T, KL
FOHEEZYICZ L b SN D

2.2 ERRERBEFIOREICLKIEARFEORE

— AN T R D JFEHRIRIZEm ISR TH DD, AR
{EREEETHD. 22T, FRRARIZIRE AR & RA
THIET, BREEEYEETD.

X 4\ ERAIRATRIRICRT 2 AR KT 2 5 — A
AR L CRERAITRT. X 4 0 X9 ISE TSRS O
U AR AR B s B~ AR AR 4y O B Fn AR U R
BRI~ ENR Y7 b L, —ETASL T IAER
BT 5. ZOARTRITER R &N, BRE peB &
OWESREE T.CmRanbd. “MERN T, &0 o5ME
FOVEHRES EREIRFT A ETRASh TS, =
OES AT S &, FENAROBIE g AEE Sh, A%
IRERHBENTIRE L 72 5.

Injection Saturated
Py~ ——————— vapor line
o Liquid 'phase
> region 3
@ pyt——————————= Flash boiling
o Heating process process
o ! Ap
Pars T i Vapor phase]
amb i Ao : region
! |
0 T T,
Temperature

Pin; Injection pressure  p,,,: Ambient pressure
ps;: Saturated vapor pressure
AB :Degree of superheat

Fig.3 Schematic image of flash boiling process
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Table 1 Experimental conditions of particle production
experiment

Mixture material TTIP+cyclohexane
Molar fraction Xoyelohexane [-] 0.8
Nozzle type Slit
Injection pressure Pinj [MPa] 0.32
Injection duration tinj [ms] 3.8
Injection frequency Fin [Hz] 4
Ambient pressure Pamb [kPa] 6
Ambient temperature Tamb [K] 390
Equivalent ratio ] [-] 0.25
Adiabatic flame Tad [K] 2613
temperature
CH, flow rate Qepg [L/min]| 0.75 | 0.90 | 1.05 | 1.20 | 1.35 | 1.50
0, flow rate Qo2 [L/min]| 6.00 | 7.20 | 8.40 | 9.60 | 10.8 | 12.0
N, carrier gas flow rate Quz [L/min]{ 1.5 | 1.8 | 21 24 | 27 | 3.0
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Fig.6 Two phase region of TTIP+cyclohexane
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Table 2 Experimental conditions of particle dispersion

experiment
Mixture material TiO, particles + Ethanol
Ultrasonic irradiation L [min] 5
Ultrasonic electric output P [W] 150
Tip diameter of Ultrasonic $18
homogenizer
Nozzle type Slit
Injection pressure Piry [MPa] 0.3
Injection duration b [ms] 5
Ambient pressure Pams [kPa] 50
Ambient temperature Toms [K] 298
Position of particle collection [mm] 80
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Fig.7 SEM micrographs of TiO2 particles in each Nz carrier
gas flow rate
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Fig.9 XRD patterns of TiOz particles in each Ne carrier
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Fig.11 SEM micrographs of TiOz particles before and after
dispersion experiment

Fig.12 Dispersion experiment no using flash boiling spray
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