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Name of the Toshiyuki Sanada
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Names of the Member

Title of the Project

Development of a cleaning technique using spray mixed with

steam and water

Duration of the Project

November 30, 2006 ~ November 30, 2008

Purpose of the Project

Utilizing spray mixed with steam and water, a new surface

cleaning technique that is low environmental load is developed.

Summary of the
Results  (FY2007)

After observation inside a nozzle by using laser and transparent
nozzle, we proposed a new method which is mixed steam and
water in parallel before the nozzle inlet. By using this method,
we achieved a uniform spray. In addition, we clarified that the
detail structure of droplet impact at a surface by performing the

computational fluid dynamics.

Summary of the
Results
(FY2006 — FY2007)

First, the structure of steam and water mixed spray was
investigated. By spraying for a metal and photo-resist coated
surface, we shows that this cleaning technique is based on the
mechanical force on a surface. Second, we observed the detail
structure inside a nozzle; we proposed a new method of mixing
for steam and water. Finally, we investigated that the detail
structure of droplet impact on solid and liquid film, and we

proposed a model for this cleaning method.

Publication, Patents, etc.

Original paper : 3, International conference : 5, Domestic

conference : 2, Patents application : 3.

Future Plans

Application for other fields (PC board, metal surface, for home
use and so on.)

Application for another purpose such as surface treatment.
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Fig.1 Schematic of experimental setup




Load Cell

Fig.2 Pressure measurement apparatus
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Table 1 Metal contamination of steam generator

Element Before After
Fe 2.1 X 10*1! <2.0X 10"
Cr 2.5 X 10%1° <2.0X 10"
Ni 1.5 X 10*1° < 4.0 X 10%0°
Cu 8.0 X 10*%° < 3.0 X 10%%°
Na 3.9 X 10! <2.0X 10"
K 1.9 X 10*11 <2.0X10%%®
Ca 1.1 X 10**? <2.0X 10"
Mg 1.3 X 10" <2.0X10%%®
Zn 9.2 X 10*° < 2.0 X 10%0°
Al 4.6 X 101! <6.0 X 10"
Ti 2.6 X 101! <2.0X10%%®
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Fig.5 Particle number distribution
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Fig.14 Optical system for a laser sheet



(a) p=0.1MPa, g=0mL/min (b) p=0.1MPa, g=100mL/min (c) p=0.1MPa, g=300mL/min

Fig.15 Flow structure at the mixing point between steam and water

Steam-Water Mixture Nozzie

Fig.16 Nozzle outlet
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Fig.17 Flow structure inside a nozzle (p=0.1MPa, (a) g=100mL/min, (b) g=200mL/min, (c) g=300mL/min)
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Fig.18 Close up of a spray observed just outside a nozzle ((a) p=0.05MPa, g=100mL/min, (b) p=0.1MPa,

g=100mL/min, (c) p=0.2MPa, q=100mL/min, (d) p=0.05MPa, g=300mL/min, () p=0.1MPa, g=300mL/min, (f)
p=0.2MPa, g=300mL/min)
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Fig.19 Photographs and schematic of a new mixing method ((a) the direction of water inlet is orthogonal to a steam

flow, (b) the direction of water inlet is co-axial for a steam flow)

Fig.20 Spray shape generated by a co-axial type of nozzle (the length of water inlet tube | = (a) > (b) > (c) > (d),
p=0.1MPa, g=300mL/min)

ohservation
region

Fig.21 Flow structure inside a nozzle with a co-axial mixing method (p=0.1MPa, (a) g=100mL/min, (b)
g=200mL/min, (c) g=300mL/min)
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Fig.22 Schematic of visualization method

S:tripped photo-resist

Fig.23 Visualization of resist stripping process

(@) initial surface (b) air-water mixed spray (c) steam-water mixed spray
Fig.24 AFM differential image of aluminum surface (A5052, 10min, p=0.2MPa, g=300mL/min, h=10mm)
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Fig.25 Surface roughness (A5052, 10min, p=0.2MPa, g=300mL/min, h=10mm)
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Fig.26 Effects of temperature (A5052, 10min, p=0.2MPa, g=300mL/min, h=10mm, AFM differential image)
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Fig.27 High-speed droplet impacts on a solid wall (Time evolution of pressure and density distribution inside the
droplet)
a)t=3.88ns b} t=4.53ns €)t=7.77ns d)=11.00ns e)1=14.24ns
_l = ‘ ‘ a . -
fit=17.47ns g) =20.71ns h)t=23.95ns i)t=27.18ns j)1=30.42ns

K m oan =

Fig.28 High-speed droplet impacts on liquid film (.a) Shape of droplet and water film just before impact, b) - j) Time
evolution of pressure distribution inside both water droplet and thin film on a solid surface)



3—8 RLEHMREOETIL

ZIVE TOFERRE L OSAEMATRE B2 FATARBEAIT OV A = X LDET NV ERET D.

FF, AV TEIEA R L-EEFETH D, TIIEOWE AN ED L HI2RET D
DWE2EREKOIEAET & LR LN BBET 5. KR EKOIRAERNZER & KDOIRAMET
LG L TR D HE LT, ETWRREOIRENZET HIVDH. w72 ki 23 S ARE D | T H22 U7 pR
WZIE, ZOWRNICEERE A BAET H &, S DICEOBEBEE N L E oL, HHR
1 O U TR S AR T 5 2 & DBUIFENTIC KX » TR STz, & ORI DY AL B 13K
FRICF ¥ BT —2 a VAT 5 2 LIZFERIIC bR SN TV O F7- Xy 55—
g N K DERILRERFEA L, RERENHET S I bREShTwa®, &5iz, Rk
FEH A LI FHPERNEE I X > TRAR D201, MRENENAEE T 5 REsE T AKIa D K&
SREDBREL R D, Thbb, REOREWIEROTN LV /NI REERERE Y, FEFIT/N
ERERHNC ORI N T FETE D, ZORHIRERLY, SEOBRNER SN H7RE &
IKDOIBAMEROLGAITITZER LK E DGR TR Yy ET— a3 URAE LT, TOEND
DN RAIZBN IO TII RV EE XD, FTEY BAKFHKR THH72DIZ, W
PESNTARKREIN: S0, WRREZERROX ¥ BT — 3 g VRREERHCA U AEERIC LD, BEIC
BT AR S D . D78, ~A4 7 a Pz NENEA LIECESTD 525, FE
\CREARES T SN TV D EEIRE, FEEIIFET DRI0DOEN TR A=A LTHD
ZERHESNTVED, PO &R LSO Fig. 29 TH 5.

F7o, EREKOBEEROFFR/ R E LT, AR EKOIBAMETIIH O M CTh 572
DEEHEONEDE 2 5D, PDAIZ X DIEFEHEFHINC B W CEHI S Lz & 91T, BEf S ey VR
DI DBPE « BAAITNE, 28R & KDOIBEMEDE & 785K & KDIRETER ORI KZE T, —J5
BEMICEZST DBITIE, KRERBOAAEDL I ENTREND. W L S8 L 7 2880 ECI3E
T REDN BT 272 DIZEEOEE S RE BT 25 B2 61500, B EKROEROSGA,
JEIFH DZ KRN EZZHRTG ~ L a3 D 72018, HlRHY SR 2 (R © 7o £ EREH 229 5 ATRetED &
5. Tlebb, WHNEZET HEOEFRHRN, BERREZRIZR > TNDDTIERWh. Z
D=, ZEK[H TREZET DRI T, AP TIEE Y SO E FEZE L, BV ) % E 7
MLmEEZD. ZORMDOMR% Fig. 30 1277

E BICESE ORIV S b BN L B 2D, KIETIC L > TRENTEE D1, W
(R MEZE Y D &, WIERNICHERIE SR S NS . REROBFIEIZ L v, B2 VW
BER Lo/ 8—F 4 Z VEIRD Z L RARETHh W, R ICIER T/ 2 — AR N B D &
D IR NEEIRT NA AR IS, BEREIEIINC L > GEITZERITENRD. 29725 EIEOHIC
BBHA—T 4 7 NVETOL Bk EERSETHID 2 LT TE RV, —HREIIRE CEE T
B0, MPRESLFERIEST I LNTE, £ ZITHEAEZE T IUTEIRE AMEE L T 3—T
4 I NVEOFMMZI R Z EWNTARERS L B 2%, E-1IBEPNIC R T v 7 Shu-&ia b R
WL TRHICAE ST A Z N TE, SORIEIEEEANTEEZEZSL. ZOLIRET LD
B A R L72H 0N Fig. 31 Thd. LLE, ARUgdEEClx NRE) & TEEE ORZFIHL
TWbEEZLND.



high-speed

droplet .
cavitation
.. )Shock wave
=
high-speed side jet Nentrapped bubble (steam)
\-P collapse
Fig. 29 Schematic of model for cleaning of droplet impacts
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Fig.30 Schematic of condensation effects for droplet impacts
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Fig.31 Schematic of differences between steam-water and air-water mixture
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Table 2 Photoresist coat condition.
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photoresist thickness HMDS
temp.
case A PFI-37 (i-line) lum 90 X
THMR-ip3300
case B . 1pm 110 0]
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14) \D) Steam
il —
Tempef?..ure i—
| Water |
! — [ ]
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4 N Lo T
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]
Turn table

Fig. 32 Experimental setup for pre-treatment method.
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(i) x 100 (ii) x 300 (iii) x 800
(@) Case B

Fig. 33 Microscope images of resist stripping.



Fig. 35 SEM observation of effect of pre-treatment (a) crust, (b) photoresisit, (c) SiO»
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(1x10'> atmos/cm?) Mixed Spray Steam Atmosphere Atmosphere (time c<<d)
+ +
After Steam-Water After Steam-Water Mixed
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Microscope Image
(x200)

Fig. 36 Example of stripping of an ion-implanted photoresist.
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