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Surface Modification by Oxide Particles Spray Burner
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Abstract : The effect of the sintering characteristics of silica and titania particles on surface modification was investigated
experimentally. The turbulent premixed burner, in which hexamethyl disiloxane (HMDS) or titanium tetraisopropoxide
(TTIP) diluted with isopropyl alcohol (IPA) was sprayed, were used to feed silica or titania particles on the base material.

According to the observation by SEM, the silica particles were agglomerates of small primary particles, whereas the titania

particles had spherical shape under the same burner condition. Additionally, the coverage ratio of silica was larger than that
of titania. The difference in the shape of those particles was due to the difference in the characteristic sintering time between

silica and titania; the characteristic sintering time of titania was smaller than that of silica by 2-4 orders of magnitude. The

result of the adhesive strength test showed that the adhesive strength was enhanced by 3-4 times at the maximum with

HMDS. However, the excess surface particles after surface was saturated reduced the strength, therefore, there was an

optimal condition for the spray time and the spray mass concentration. With TTIP, the adhesive strength was not so enhanced
compared with HMDS, which was due to the spherical shape of titania particles that resulted in poor absorption on the base.
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Fig.1 Schematic of oxide particles spray burner.
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Fig.2 Concept of pull-off adhesion test.
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Fig.3 SEM images of particles using a) HMDS and b) TTIP on the aluminum base with varying the mass concentration of spray.
The distance between the burner and the base is 30mm, and the spray time is 10sec.
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Fig.4 Details of sintered particles on the aluminum base of a) HMDS
and b) TTIP. The distance between the burner and the base is
30mm, and the spray time is 10s. The mass concentration is
10wt%.
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Fig.5 XPS analysis of particles with a) HMDS and b) TTIP.
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Fig.6 Sintering of primary particles and neck formation.
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Fig.7 Characteristic sintering time of silica and titania with varying the
temperature and the primary particle diameter.
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Fig.8 Coverage ratio on the aluminum base with varying the distance
between the burner and the aluminum base, and the mass
concentration of a) HMDS and b) TTIP. The spray time is 10s.
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Fig.9 Particle size distribution on the aluminum base with varying the
mass concentration of TTIP. The distance between the burner and
the base is 30mm, and the spray time is 10s.
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Fig.10 Coverage ratio on the glass base with varying the spray time and
the distance between the burner and the base. a) HMDS and b)
TTIP. The mass concentration is 10wt%.
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Fig.11 Adhesion force with varying the spray time and the distance

between the burner and the base. a) HMDS and b) TTIP. The base
is glass, and the mass concentration is 10wt%.
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MLz wEX 9, N—F KEOMGIRH 1 s, RIEREE 10
wt% LU T ORI S, # 5 2 KM I R AHE %z
M L CHREEMERABR 21T > 72, K LM & DOFEREIE 30 mm
THDH, F7o, MBICHWIE T — 713, NEhzER
fEL®d vk, MET—7oh TG IsRbE e
AX v 7T —7 (1K 3M ##, Scotch 1& > TE23e % 7 —
7Y =L 7.

XU ®IZ, HMDS DfEHE % Fig.12(a) IS8T, RIEDIRE
V&, RERFOMABE2HS 21225 X9, 3 wt%~10
wt% T 1 wit% M CEE L 2. 77 7 Offtllnd & &
KO, BHEREORIEEZ R LT D, ENDOK
RBeRlz e, SEOHEE 5 wt% ICB VLTS IIER b E L
D, BEHAEZEL o wEMOMNE N EHIKT 5 &
FWEIATIE I~ BFREMEL TV 28005,
F 7z, WEE 6 wt% ML LTI IMET 3 A H - 7%
WEROFERE L2 £, REDOBRED 5 wi% £ TIEREI
BIML, 6 wt% LETIZIE S50 % TEELEoTW0S
DI LD, N—FKRRHRM 1 s DFEHTIE, HEER
B 6 wt% T, RETONTFEEMLI-LEZoNS, F
7o, APENEEMERRIORTROMINE L bicinL,
MR IEAEEIDME T L Cw s, 24, R8T T
BBMMLCTLE) &, B L 2BEER 1A+ o g ng
WIRE N PIREI RS I EmoTLE I RO EEZ N
%,

RIZ, TTIP DFEFR % Fig.12(b) IR T, TTIP IZE VT,
Fig.10(b) DFEHRT, N—F KRWHEHE 10s, SAFKREE 10
Wt% DEAETYH, BEEH 8 9% FUE & HMDS ICHERTH#
Lo 770, EEDOIRIEE, 10 wt% [HE T £ 12 60
wt% ETE L7, REAEAZL Tk WIEofE L
Hig$ 2 &, 1.5~2 fEREDOMNEN DR EBR SN 25
13 BH3, 40~50wt% &, HMDS & hiig L 10 f5RE A
SRR R NI L7z, 7, HMDS OftRICH s

-
-
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Fig.12 Adhesion force and coverage ratio with varying mass

concentration of a) HMDS and b) TTIP. The base is glass, the
distance between the burner and the base is 30mm, and the spray
time is 1s.

7ok ) RWEREMENOHMBIZS F D BHETEL o,
ZoHbE LT, TTIP ZHW7854E, BRI N2 Tio, ki
FOEIRIRTH 5720, $HIROEEIREH T 201234
RE 4% HMDS DI & e b, FEMICEE L TR
BHY LR LOEEMEL, 7, EMERTEORENA
EHZL W EBEZLND,

5. ¥&

AWFFETIE, HMDS B X TTIP 221 2 MO AL
ZEHL, SLRTEA -T2 RALIEICE VT,
TR ANDOWHRF O EEZHUET 5729, SEM 12X
2 @5 iz X 2 M RImREO € L2 7o 7.
F 7o, BEMERE N LT A5 RINT 2 EEZHINEL T,
FEMERICNT 2 Mg EZ T2, 2O ED, D
ToORABES NI,

1. HMDS & X O TTIP Z{liH L CRH—®D N —F Z&f &R
LB % 4T 5 72 K55, HMDS T3 8SRo ERmikz2 67
LB, TTIP T EIRIRDOBERA L, Zh s
% BEAETZRE D IR Ltk T3 M Lo S LT3 2
EDMER S N, ZOFEE LT, TiOy DBERS R
23 Si0, DBERSFFIERFE & HiE L T, 2~4 Hi/h S v

LIk BEPEZ NS,

2. 7OV S EEM RN AER U 72 85 & DR 2 WE L 7o
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B, EMREICMNE T 2R O#ERIZ, HMDS D4,
I DR 5 wt%, 10 wt%, 23— F KR O B A
10s Ti, KITEHM L DROZMICBIRR <, 131F
FTRCOFEMETHAMEEZ R L2, —FD TTIP D&
SERDIEIE 2 wi%, 5 wi% IZBWT, KO LM & D
HEAY 20 mm~30 mm FEET, RLEOHERE Lok
73, FHMTRIANZ L 2oz, MEEOBENERT 3IC
DITHEFEILE S 2D, REDORE 10 wt% TIEIZ—
TORMEZE & o7z, 2D EnS, ERINZHTD
BRI X > THIERICRERBEOPHENL LE LS
nas.

A7 AFEM I R % i L < RSB 2 1T - 7o 4
H, HMDS ZH W56, N—F KR OB X
VEDMENRETEL L, NENDBDPA>TETT
MRS N, ZORKE LT, HEMEN»RT
THIFIL 72856, RIS NB LR LB o RE L 72
ki1 oflcik, BEMsSsNS <, FanlEB e s
NV ENEZONDS, IO, KEBOHIFATIZ,
HMDS % H\ 7D 35 771%, WHEFIER 1 s, 3o
JE 5 wt% BETRORES 2D, RUMFD 3~4 512
BEoMENZR L, —HD TTIP O¥ify, 1.5~2 5
EDFE I LGRS N 553, FEFICKE Rl
JERMIEE Lz, Uk, RFIRSHORIR & 2 BBk
RTH 270, BEICEELICL L, WEHILBHHI &
WEIE L TEZSNS,

(80)

HABMEE &5 55555171 %5 (2013 4E)

HE

AFEDO—HL, ¥4 64—t v> VHRASH L DR
fED—BE LCiThbit/z, 7%, SEM, XPS TOHHIZ,
A R OIS v & — O B S %
R L 7-. WEERT.

- -
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