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METHOD OF SURFACE-TREATING WORKPIECE

The present invention relates to a method of sur-
face-treating a workpiece by immersing the workpiece in a re-
active treating solution of acid, alkali, or the like to
cause foreign matter contained in a surface layer of the
workpiece to react with and be dissolved in the treating so-
lution so that the foreign matter will be removed from the

workpiece.

It is known to surface-treat a workpiece by causing
foreign matter on the workpiece, e.g., unwanted materials
contained in a surface layer of the workpiece or burrs on the
workpiece, to react with and be dissolved in an acid or alka-
line aqueous solution so that the foreign matter will be re-
moved from the workpiece.

Carbide tips of an alloy of tungsten and cobalt are
manufactured by mixing tungsten and cobalt powders at suit-
able proportions together with a binder, and thereafter sin-
tering the mixture. The carbide tips thus manufactured tend
to retain cobalt and binder particles which are not sintered
in interstices. Since the cobalt and binder particles which
are left in a surface layer of a carbide tip may prevent the
carbide tip from achieving desired properties, it is custom-

ary to surface-treat the sintered carbide tip by immersing it
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METHOD OF SURFACE- TREATI NG WORKPI ECE Since the treating solution
which reacts with the foreign matter contained in the su;iasem+a§e+—q+—g
wor kpi ece is deaerated. the generation of gas bubbles iﬁﬂ%%cégaﬁw

the ultrasonic energy is radiated into the treating solutiom

in a treating solution containing about 1 % of diluted nitric
acid for abqut 10 minutes to cause the cobalt and binder par-
ticles to react with and be dissolved in the diluted nitric
acid so that they will be removed from the workpiece.

However, if the carbide tip is surface-treated for
a long period of time to dissolve the cobalt and binder par-
ticles completely, the tungsten-cobalt alloy is liable to be
partially eroded by the diluted nitric acid, with -the result
that the carbide tip may have a reduced mechanical strength
where eroded.

There is known an ultrasonic cleaning process for
cleaning a workpiece. According to the ultrasonic cleaning
process, a workpiece with foreign matter attached to its sur-
face .or burrs on its surface is immersed in water in an ul-
trasonic processing tank, and radiating ultrasonic energy
from an ultrasonic vibrator into the water to remove the for-
eign matter or burrs.

To shorten the time required to ultrasonically
clean a workpiece, it has been attempted to supply an acid or
alkaline aqgueous solution to the ultrasonic processing tank,
immersing a workpiece such as a carbide tip in the acid or
alkaline aqueous solution, and radiating ultrasonic energy
from the ultrasonic vibrator into the aqueous solution to
cause foreign matter contained in a surface layer of the
workpiece to react with the acid or alkaline aqueous solution
so that the foreign matter will be dissolved into the acid or

alkaline aqueous solution and removed from the workpiece.
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allowing a vacuumto be created in cavitation bubbles which are then easily
col | apsed under the surrounding pressure thereby to produce | Lve
shock waves. The shock waves are effective to reno\|ernpSHEET HRR@EENI i gn
+matter con- tained in the surface |ayer of the workpi ecegPLAGHEDt he
remai nder of the foreign matter reacts with and is dirs5sorved 1n the
treating sBhetiahiadced hattjasaild ebengynmacesd fliorcthy eor kpepegerface Wth
the treating solution deaerated. a gas produced when the workpiece reacts
with the t?ga*élil%gw%@fm(?% G repgvey a goggdrpe@ti fhendorpégni MaLEBFuPFon.
and does not Froduce smal | bubbl es which would be attached to the surface

of the woPRpFecEleqphioms G d4& iTshaecREe Rt hBewdPKSHEBe™ahH T hesS

treating splutiof by PLAMPESH it A LD,0% 1409 16! Sdeous solu-

tion. In this manner, the surface treatment of the workpiece
is promoted by the radiated ultrasonic energy.

When cavitation bubbles are formed in the acid orx
alkaline aqueous solution due to different sound pressures
upon radiation of the ultrasonic energy into the acid or al-
kaline aqueous solution, the gas dissolved in the acid or al-
kaline aqueous solution is vaporized in the cavitation bub-
bles, resulting in gas bubbles in the acid or alkaline aque-
ous solution. Since the gas in the gas bubbles resists the
surrounding pressure of the aqueous solution, the gas bubbles
are less liable to collapse. Therefore, shock waves that are
effective to remove the foreign matter or burrs from the
workpiece are not generated sufficiently. Even if shock
waves are produced, they are dampened by the gas bubbles and
prevented from effectively acting to remove the foreign mat-

ter or burrs from the workpiece.

It is therefore an object of the present invention
to provide a method of surface-treating a workpiece in a re-
duced period of time to produce a uniform and high-quality
workplece surface by causing foreign matter contained in a
surface layer of the Qorkpiece to react with and be dissolved

in a reactive treating solution.
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sonic energy into the treating solution stirs the treating solution for
further pronotion of the reaction between the work- ' e treating
solution. The tine required to treat the surface of tHe
therefore greatly reduced. The treating solution
deaerating device which renoves the dissolved gas fromthe tre

t -
tion, and the deaer atedPIHeEMG S ARV PRIeLup Siees Bécl?rtoéflsﬁén )
| t [ ' 1 The t ti | uti - lied to th
Ut asoni CPOFEEERTHd b A N R S e AP R oy Pamietprogb o SubBakB?, |
f bl | sch ' sal uti f t he: ul '
et b gy g i g o el o, g e hgsane s
posi tioned,doypstegam of fhe. di RENAHNG A 1GR 1 ANSIRI1RPIS bhe Jhreating

sol uti on deaerated
trasonic processing tank with an ultrasonic vibrator mounted

on a bottom thereof, radiating ultrasonic energy from the ul-
trasonic vibrator into the treating solution to cause foreign
matter containing in a surface layer of the workpiece to re-
act with and dissolved in the treating solution, so that the
foreign matter will be removed from the workpiece, deaerating
the treating solution with a deaerating device by removing a
gas dissolved in the treating solution, and supplying the
treating solution deaerated by the deaerating device back to
the ultrasonic processing tank.

Since the treating solution which reacts with the
foreign matter contained in the surface layer of the work-
piece is deaerated, the generation of gas bubbles is sup-
pressed when the ultrasonic energy is radiated into the
treating solution, allowing a vacuum to be created in cavita-
tion bubbles, which are then easily collapsed under the sur-
rounding pressure thereby to produce intensive shock waves.
The shock waves are effective to remove most of the foreign
matter contained in the surface layer of the workpiece, and
the remainder of the foreign matter reacts with and is dis-
solved in the treating solution so that it will be removed

from the workpiece.
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by the deaerating device back to the ultrasonic processing tank with a
suppl ying device to circulate the treating solution.{ THRCSHEET KIS B I ng
solution in circulation reduces the anobunt of reactije traamAgesol utifon
»that ‘is discarded, thereby mn- imzing a harnful effect oftte—reactive
treating solution on_ the environnent The reactive treating solution
shoul d be deaer at ed"iihPi Fhehereabted vee el Mifaddiait§hn h&2%a Pdi%sol ved

oxygen con- tent ranging from0.01 to 5 pp | f the di,ssol ved axgen
Content  wePEefn"BeBeEeOfOBKBLRLE L HRACTS WEUM e TRRISEIbISG L LON 18

fficiently.suppt h i on_of bbl es | i
ol ut on. AP Ife A ESear0Ea T EhEn EOAe e e et - ' B0 B ¢ nen
there WOU'd%c%eg%%tlg‘)ﬁﬁbﬁ?ﬂé@“&ﬁ%ﬁ E8@0a VHE M d el $ A UG QMGER L YH ent

ranges from
the workpiece. Thus, the reaction between the workpiece and

the treating solution is promoted. The radiation of the ul-
trasonic energy into the treating solution stirs the treating
solution for further promotion of the reaction between the
workpiece and the treating solution. The time required to
treat the surface of the workpiece is therefore greatly re-
duced.

The treating solution is deaerated by the deaerat-
ing device which removes the dissolved gas from the treating
solution, and the deaerated treating solution is supplied
back to the ultrasonic processing tank. The treating solu-
tion supplied to the ultrasonic processing tank remains
deaerated at all times.

It is preferable to discharge the treating solution
from the ultrasonic processing tank with a discharging de-
vice, the deaerating device being positioned downstream of
the discharging device, and to supply the treating solution
deaerated by the deaerating device back to the ultrasonic
processing tank with a supplying device to circulate the
treating solution. Use of the treating solution in circula-
tion reduces the amount of reactive treating solution that is
discarded, thereby minimizing a harmful effect of the reac-

tive treating solution on the environment.
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5 ppm Specifically, the gas dissolved in the treating solution is air.
Since the gases contained in air have substantially constant proportions,
the total amount of dissolved gas is represented by fie—etrssolaed-oxygen

- cont ent It is nore preferable to deaerate the'|r eactSHFET HAS REENg
solution until the reactive treating solution has d-dissHRI4§EBxy- gkn
content ranging fronfTlfe Ir¢actsiypprareating rasimiclorashove d peatfiemgbdgl bei on
is reactive and the surface of the workpiece is treated by reaction with
the treati Agasvpbed omtihethe azrd gl woltineainineg swdutieguinasd at 6ise
deaerated such a high extent as if the workpiece is ultrasonically cleaned.
Thus. the BPEYBRNY*ESEUFOMRGRIedRRDIHE Hedkrbt®d &b X MP™abové d'&sol ved

oxygen content range. and can easi | , .
Y9 dgsso ved oxygen content gére in excess of 5 ppm, then it

would be impossible to sufficiently suppress the generation
of gas bubbles in the treating solution. If the dissolved
oxygen content were smaller than 0.01 ppm, then there would
be no more advantages than when the dissolved oxygen content
ranges from 0.01 to 5 ppm. Specifically, the gas dissolved
in the treating solution is air. Since the gases contained
in air have substantially constant proportions, the total
amount of dissolved gas is represented by the dissolved oxy-
gen content.

It is more preferable to deaerate the reactive
treating sclution until the reactive treating solution has a
dissolved oxygen content ranging from 0.1 to 5 ppm. Inasmuch
as the treating solution is reactive and the surface of the
workpiece is treated by reaction with the treating solution,
the treating solution is not required to be deaerated such a
high extent as if the workpiece is ultrasonically cleaned.
Thus, the treating solution needs to be deaerated to the
above dissolved oxygen content range, and can easily be man-
aged.

The reactive treating solution may comprise an
aqueocus solution of acid or alkali. The aqueous solution of
acid may comprise an aqueous solution of diluted nitric acid.

The aqueous solution of alkali may comprise an aqueous solu-

R
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be managed. The reactive treating solution conprises _an_agueous
solution of acid or alkali. The agueous sol ution of afiTeiSTEYEREIONAS BEEN

aqueous solution of diluted nitric acid. The agueous

ol ut irmeLAaCERI kal i

n

may

- conprise an aqueous sol ution of sodi um hydroxi de. TheToncentraiion of the
treating solution may be | arge enough to react with and di ssolve the for-

ei gn matteticonbfii pedium hpéresxifiace Thyecormfernthmtuorkpifecde treaTheg
deaerating device nmay conprise a gas separating nmenbrane nodul e having a
plurality splhbibownpybbeutagas sepaglatiagrerstbrainds angt diasoilvg the
treating solution therethrough. and an evacuating device for evacuating the

gas

foreign matter contained in the surface layer of the work-

piece.

The deaerating device may comprise a gas separating

membrane module having a plurality of hollow fibrous gas sep-
arating membranes for passing the treating solution
therethrough, and an evacuating device for evacuating the gas
separating membrane module to develop a pressure difference
across the hollow fibrous gas separating membranes. When the
hollow fibrous gas separating_membranes are evacuated by the
evacuating device while the treating solution is flowing
through the hollow fibrous gas separating membranes, the
pressure outside of the hollow fibrous gas separating mem-
branes becomes lower than the pressure in the hollow fibrous
gas separating membranes, discharging the gas dissolved in
the treating solution out of the hollow fibrous gas separat-
ing membranes. As a consequence, the treating solution is
deaerated downstream of the gas separating membrane module,
and the deaerated treating solution is supplied back to the
ultrasonic processing tank.

The gas separating membrane module is of a simple

structure for deaerating the treating solution with high ac-

curacy, and can keep the dissolved oxygen content of the
treating solution easily in the above range.
Since the reactive treating solution such as the

aqueous solution of acid or alkali is employed in the method

) -7 -

This Sheet Has Been Replaced

NEHAL

|l




separating nmenbrane nodul e to devel op a pressure difference across the
hol | ow fi brous gas separating nenbranes. When the holl ow fibrous gas
separating nmenbranes are evacuated by the evacuati Tﬂgvgmrma
-treating solution is flow ng through the hollow fi brous gﬁﬁbggﬁﬁrat|1g
menbranes, the pressure outside of the hollow fibro

menbr anes BEEORBsNEoWer theaprepentroveenteiom tthe hollow ﬁﬂ@ﬁ@@§ gas
separating menbranes, discharging the s dissolved in the treating
sol ution oﬁ?PBFth@‘Jh’B@‘F‘%WW%r’é@l@dg%l%glé%rféﬁtéﬁlf‘i’g’a#@ﬁbﬁé?ﬁé@g R§“z§1”u‘
consequence, the treat- 1(::jrasol utlon s deaerated downstream of .t he gas

separatlngoﬁﬁnﬁPéﬁ%CﬁDHE?% Bt t he H%%%F%H%Xtt9h§apﬁﬁ§r§6P@9|8ﬁVl§esuppI|ed

back to thehgh ragggbgl rogeggngdtgggk for introducing the treating

solution therein, and an evacuating device for evacuating the
sealed tank. When the treating solution is introduced into
the sealed tank which is evacuated by the evacuating device,
the gas dissolved in the treating solution is discharged into
the space in the sealed tank, causing the treating solution
to be deaerated. Since the deaerating device composed of the
sealed tank and the evacuating device has no gas separating
membranes, the deaerating device is resistant to acid and al-
kali, and can deaerate the treating solution sufficiently ac-

curately to the above range.

The above and other objects, features, and advan-
tages of the present invention will become apparent from the
following description when taken in conjunction with the ac-
companying drawings which illustrate a preferred embodiment

of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic cross-sectional view of an
apparatus for carrying out a method of surface-treating a
workpiece according to the present invention; and
FIG. 2 is a schematic cross-sectional view of an-
other apparatus for carrying out the method of surface-treat-

ing a workpiece according to the present invention.
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The gas separating nenbrane nodule is of a sinple structure for deaerating

the treating solution with high accu- racy, and cap—keep—t ~ed
oxygen content of the treating solution easily in {H&SHERE BAHBEEN
. Since the reactive treating solution such as the af acid

or alkali is enployed in the nmethod accord- ing to the present invention,
the hol |l ow fibrous &&s sdepar ati AdGnedhr ancyrfend toepbingt 2PPRFated Huring
continuous surface treatnment Preferably, the deaerating device, should
conpri se af Yo HEFnidrk Fbr § Metdddciodyg stréaceehrPAG188I At FBRXPHEF®i #C~ and
an evacuating, device for. evacuating the sealed tank, Wen.the treatlng

sol uti on i LIHNDFL &S MG SRE CEG1PENKARNARh UL ETBT R UGt BECHGS T HB

evacuat i ng, dgvi £e,o e, 42, B530] Y54 LA NS LigaLing sohgiheBal ndighar oed

bottom of the ultrasonic processing tank 3. The ultrasonic
processing tank 3 is supplied with an acid or alkaline aque-
ous solution (treating solution) 4. Workpieces 6 held in a
cleaning basket 5 are immersed in the treating solution 4.
The ultrasonic vibrator 2 radiates ultrasonic energy into the
treating solution 4 to cause foreign matter contained in sur-
face layers of the workpieces 6 to react with and be dis-
solved in the treating solution 4 so that the foreign matter
will be removed from the workpieces 6. To the ultrasonic
processing tank 3, there is connected a discharge conduit 7
for discharging the treating solution 4 from the ultrasonic
processing tank 3, the discharge conduit 7 being connected to
a pump 8 for drawing the treating solution 4 from the ultra-
sonic processing tank 3. A deaerating device or deaerator 9
is also connected to the discharge conduit 7 downstream of
the pump 8 for deaefating the treating solution 4 discharged
from the ultrasonic processing tank 3. The treating solution
4 that has been deaerated by the deaerating device 9 is sup-
plied back to the ultrasonic processing tank 3 through a sup-
ply conduit 10 that interconnects the deaerating device 9 and
the ultrasonic processing tank 3.

The deéerating device 9 comprises a gas separating

membrane module 11 having a plurality of hollow fibrous gas
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the space in the sealed tank causing the treating solution to be deaerated.

Since the deaerating device conposed of the seale uati ng
devi ce has no gas separating nmenbranes. the deaer iqﬂfQﬂﬁﬁﬂﬂﬁﬂsﬁm%alstant
-to acid and alkali, and can deaerate the treating ut RERLAGEX i ci eft | y
accurately to the above range. The above and ot her objects. features.

and advantsgese afindengtaseris ifovephisefinyl thebeceaeiappaoeatiémoin t he fol -
| owi ng description when taken in conjunction with the acconpanyi ng draw ngs
whi ch il | ushemtehoygtef @anded erisodimnermpof 2t fierpeesenstingenhe ogady way of
exanpl e. separating membrane module 11 to develop a pressure differ-
ence across the hollow fibrous gas separating membranes.
A surface treating process carried out by the sur-
face treating apparatus 1 shown in FIG. 1 will be described
below.
Inventive Example 1
An aqueous solution of 0.1 weight % of diluted ni-
tric acid was supplied as the treating solution 4 to the ul-
trasonic processing tank 3, and carbide tips of an alloy of
tungsten and cobalt were immersed as the workpieces 6 in the
treating solution 4 for surface treatment.
Each of the carbide tips 6 was manufactured by sin-
tering tungsten and cobalt powders mixed with a binder, and
was of a lozenge shape having a thickness of 3 mm, a width of
15 mm, and a length of 15 mm. The carbide tips 6 carried
cobalt and binder particles that have not been éihﬁered and
are trapped in interstices of the alloy produced by the sin-
tering process.
The treating solution 4 was supplied through the
discharge conduit 7 to the deaerating device 9 by the pump 8
at a rate of 100 liters per hour. The treating solution 4
deaerated by the deaerating device 9 was supplied back to the
ultrasonic processing tank 3 through the supply conduit 10.
The treating solution 4 in the ultrasonic processing tank 3

contained 2 ppm of dissolved oxygen at all times.

_10._
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The carbide tips 6 were held by the cleaning basket
5 and immersed in the treating solution 4 thus deaerated.

The ultrasonic vibrator 2 radiated ultrasonic energy into the
treating solution 4 at a frequency of 28 kHz with an output
power of 600 w at a density of 1 w/cm?. While the ultrasonic
energy was being radiated, the cleaning.basket 5 was moved
upwardly and downwardly over an interval of 40 mm to allow
the ultrasonic energy to act equally on the carbide tips 6.
The treating solution 4 was held at 35°C.

After the carbide tips 6 were ultrasonically sur-
face-treated, the cleaning basket 5 was lifted out of the ul-
trasonic processing tank 3. The carbide tips 6 in the clean-
ing basket 5 were vertically showered with pure water for 2
minutes, and then dried with hot air at 80°C for 2 minutes.

By being immersed in the treating solution 4 for 1
minute, the surfaces of the carbide tips 6 were uniformly
etched by the diluted nitric acid and the cobalt particles
were completely removed. It was possible to use the gas sep-

arating membrane module 11 in operation continuously for 600

hours.
Comparative Example 1

The same carbide tips 6 as those in Inventive
Example 1 were surface-treated under the same conditions as
those in Inventive Example 1 except that an aqueous solution
of 1 weight % of diluted nitric acid was supplied as the
treating solution 4 to the ultrasonic processing tank 3, the

pump 8 was not operated, and the treating solution 4 was not

_..11__
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BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a schematic

cross-sectional view of an apparatus for carrying out a nethod of

surface-treatng a work-
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deaerated at all by the deaerating device 9. The treating
solution 4 in the ultrasonic processing tank 3 contained 6
ppm of dissolved oxygen at all times.

In order to etch the surfaces of the carbide tips
6, the carbide tips 6 had to be immersed in the treating so-
lution 4 for 10 minutes. The surfaces of the carbide tips 6
had deeply pitted regions where the mechanical strength was
reduced. The deeply pitted regions appeared to be developed
by the etching process that was partly excessively in
progress due to the diluted nitric acid.
Comparative Example 2

The same carbide tips 6 as those in Inventive
Example 1 were surface-treated under the same conditions as
those in Inventive Example 1 except that water was supplied
as the treating solution 4 to the ultrasonic processing tank
3. As a result, though the carbide tips 6 were immersed in
the treating solution 4 for 10 minutes, no etching whatsoever
was effected on the carbide tips 6. Only foreign matter at-
tached to the surfaces of the carbide tips 6 was removed by
the ultrasonic cleaning. <Consequently, almost all cobalt
particles in interstices of the alloy of the carbide tips 6
were not removed.
Inventive Example 2

An aqueous solution of 0.1 weight % of sodium hy-
droxide was supplied as the treating solution 4 to the ultra-
sonilc processing tank 3, and base plates for accommodating

hard disk drives (HDD) were immersed as the workpieces 6 in

- 1 2 -
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pi ece according to the present invention; and FIG2 is a schematic
cross-sectional view of another apparatus for carrying out the nethod of
surface-treating a wor kpi ece according to the present invention.

-As shown in FIG 1. a surface treating apparatus 1 for carrying out a

met hod of surface-treating a workpi ece according to the present invention
has an ul t FA8ohreaht oe eset gl Atk e swifned wireRtas Gl t r 586K €fvtbeat or 2
nount ed on_the bottom of the ultrasonic processing tank 3. The ultrasonic

processi ngPRaRkPA2FES sRipHT§ RIFSHH Uh HE Fagt 1808aringn aluminum al
loy, had a box shape having a length of 128 mm, a width of 96

mm, and a depth of 15 mm, and had a wall thickness of 1.2 mm.
The base plates 6 had a number of minute burrs on their sur-
faces.

The base plates 6 were surface—-treated under the
same conditions as thqse in Inventive Example 1 except that
the treating solution 4 in the ultrasonic processing tank 3
contained 1.5 ppm of dissolved oxygen and the base plates 6
housed in the cleaning basket 5 were immersed in the deaer-
ated treating solution 4.

As a consequence, the surfaces of the base plates 6
were uniformly etched by the aqueous solution of sodium hy-
droxide while they were being immersed therein for 1 minute,
with the result that all of the minute burrs were dissolved
into the aqueous solution and hence removed from the base
plates 6. It was possible to use the gas separating membrane
module 11 in operation continuously for 1200 hours.
Comparative Example 3

The same base plates 6 as those in Inventive
Example 2 were surface-treated under the same conditions as
those in Inventive Example 1 except that an aqueous solution
of 1 weight % of sodium hydroxide was supplied as the treat-
ing solution 4 to the ultrasonic processing tank 3, the pump
8 was not operated, and the treating solution 4 was not

deaerated at all by the deaerating device 9. The treating

S
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aqueous solution (treating soluton) 4. Wrkpieces 6 held in a cleaning
basket 5 are imrersed in the treating solution 4. The—ti-trasor-c—yilrator 2
radi ates ultrasonic energy into the treating soIutloﬁ”ﬂsﬁﬁm%%ﬁééﬂﬁﬁmeign
-matter contained in surface layers of the workpi ecet_6 t REPRACED wi t h Jand be
dissolved in the treating solution 4 so that the foreign matter will be

r enoved fﬁ@#ﬁﬁﬁé"mﬂrkﬁiégésuétr¢§oﬂh@ RFe¢QSHNE %#%%e§s¢?ﬁﬁﬁhm%d3 t here
is connected a dlscharge conduit 7 for dlscharglng the treating solution 4

fromthe AT &LoMiSspt 8€sgﬁﬁge9aﬁk 3llthimef scharge conduit 7 being

ted t 8 f he, t t |yt 4 f th
Ut asoni ¢ Bricﬁﬁﬁ’&a o s Eoaheherue ] R Eevr S o br HEderat oF L& 73 &1 so

connect ed 42 the har.g andui_t downs am of eaer at ng
t he treatlng 821 pﬁ%t sd%s%ﬁgrg de 1mmer£e in thé rQEQPng gg{uglg

4 for 10 minutes. The surfaces of the base plates 6 were

partly eroded by the aqueous solution of §odium hydroxide.

The erosion appeared to be developed by the etching process
that was partly excessively in progress due to the aqueous

solution of sodium hydroxide.

Comparative Example 4

The same base plates 6 as those in Inventive
Example 2 were surface-treated under the same conditions as
those in Inventive Example 2 except that water was supplied
as the treating solution 4 to the ultrasonic processing tank
3. As a result, though the base plates 6 were immersed in
the treating solution 4 for 10 minutes, no etching whatsoever
was effected on the base plates 6. Only the minute burrs on
the surfaces of the base plates 6 were partly removed by the
ultrasonic cleaning.

A surface treating apparatus 21 for carrying out
the method of surface-treating a workpiece according to the
present invention will be described below with reference to
FIG. 2.

The surface treating apparatus 21 shown in FIG. 2
has an ultrasonic processing tank 3 combined with an ultra-
sonic vibrator 2 mounted on the bottom of the ultrasonic pro-

cessing tank 3. The ultrasonic processing tank 3 is supplied

I
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fromthe ultrasonic processing tank 3. The treating s
béen deaerated by the deaerating device 9 is sup- plijetHbaakef
ul trasoni c processing tank 3 through a supply conduit_10 tdmacgher connects
-the deaerating device 9 and the ultrasonic processing tan -l
deaerating device 9 conprises a gas separating nenbrane nDduIe 11 having a
plurality %ﬁtﬂuﬂﬂcﬂﬁﬁqtﬂﬁnﬁ%ﬁﬁ%§“§eﬁ§P§PPﬁgSﬁéﬁﬁiaﬁe§tF6?tb%%s?ﬂb“%%ﬂﬁ)
treating solution 4 therethr and _a vacuum 12 for evacuating the

gas separaﬂrrmﬂ?ﬁ%ﬁﬁ%ﬁﬁ?rﬁnﬁﬂ f@ FOC&GQQPBH Qagkggsﬁrérﬁlf?%?éﬁ% r oss
the hol | OV\{,fI brroeue;stl ags sso%pa{.rla(')tnl r)]g m':i‘rpe l%rasonlc vibrator 2 radiates

" ultrasonic energy into the treating solution 4 to cause for-

ion 4 that has

EN

eign matter contained in surface layers of the workpieces 6
to react with and be dissolved in the treatiné solution 4 so
that the foreign matter will be removed from the workpieces
6. To the ultrasonic processing tank 3, there is connected a
discharge conduit 7 for discharging the treating solution 4
from the ultrasonic processing tank 3, the discharge conduit
7 being connected to a discharge pump 22 for drawing the
treating solution 4 from the ultrasonic processing tank 3. A
deaerating device 23 is also connected through a solenoid-op-
erated valve 24 to the discharge conduit 7 downstream of the
discharge pump 22 for deaerating the treating solution 4 dis-
charged from the ultrasonic processing tank 3. The treating
solutién 4 that has been deaerated by the deaerating device
23 is supplied back to the ultrasonic processing tank 3
through a supply conduit 10 that interconnects the deaerating
device 23 and the ultrasonic processing tank 3. The supply
conduit 10 is connected to a supply pump 25 which is coupled
to the deaerating device 23 through a solenocid-operated valve
26.

The deaerating device 23 comprises a sealed tank 27
for introducing the treating solution 4 therein, and a vacuum
pump 28 for evacuating the sealed tank 27. The sealed tank

27 is associated with a level sensor 29 for detecting the

.__15_
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A surface treating process carried out by the surface treating apparatus 1
shown in FIG 1 will be described below Inventive Exanple 1 An
aqueous solution of 0.1 weight %of diluted nitric aci{ THESSHERIRAEHraS it he
-treating solution 4 to the ultrasonic processing tank B, an&reesddrde tips

of an alloy of tungsten and cobaltwere i mersed as the Wor Kpi eces—6 Tt he
treadng sdlamdélornf ther tswetacg spéatient4 introduced in the sealed

tank 27. The level sensor 29 is electrically connected to
the solenoid-operated valves 24, 26.

When the level of the treating solution 4 in the
sealed tank 27 reaches a lower level as detected by the level
sensor 29, the solenoid-operated valve 24 is.opened and the
solenoid-operated valve 26 is closed to introduce the treat-
ing solution 4 into the sealed tank 27 that has been evacu-
ated by the vacuum pump 28. Upon introduction into the evac-
uvated sealed tank 27, the gas dissolved in the treating solu-
tion 4 is discharged into the space in the sealed tank 27, so
that the treating solution 4 is deaerated. When the level of
the treating solution 4 in the sealed tank 27 reaches an up-
per iével as detected by the level sensor 29, the solenoid-
operated valve 24 is closed and the solenoid-operated valve
26 is opened to enable the supply pump 25 to discharge the
treating solution 4 from the sealed tank 27. The discharged
treating solution 4 is supplied through the supply conduit 10
back to the ultrasonic processing tank 3.

A surface treating process carried out by the sur-

face treating apparatus 21 shown in FIG. 2 will be described

below.
Inventive Example 3

An aqueous solution of 10 weight % of diluted ni-
tric acid was supplied as the treating solution 4 to the ul-

trasonic processing tank 3, and the same carbide tips as

_16_.
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Each of the carbide tips 6 was manufactured by sintering tungsten and
cobalt powders mixed with a binder, and was of a | ozenge shape having a
thickness of 3 Mmm a width of 15 mm and a length of THis Sigey e carbi de
-tips 6 carried cobalt and binder particles that havge not g
are trapped in interstices of the alloy produced by thesm sring ;
process. thos¥hant degentigveofyaimpae4l veereuppheesed mroudre thrkiiissiesr ge
conduit 7 to the deaerating device 9 by the punp 8 at a rate of 100 liters
per hour. STRE theatrBgtiBPusPoHt 1otchefar e Bl ct FRAEISNY ngdevi ce 9 was
supplied back to the ultra- sonic processing tapk 3 through the suppl
conduit 10. The tregPFn§r§8F&P90ﬁ°£tho?h% P2 r B R P YleSk i PR 3

con- through the discharge conduit 7 to the deaerating device 10

by the discharge pump 22, and the deaerated treating solution
4 was intermittently supplied through the supply conduit 10
to the ultrasonic processing tank 3 by the supply pump 25.

As a result, the treating solution 4 in the ultrasonic pro-
cessing tank 3 contained 2 ppm of dissolved oxygen at all
times.

The carbide tips 6 were held by the cleaning basket
5 and immersed in the treating solufion 4 thus deaerated.

The ultrasonic vibrator 2 radiated ultrasonic energy into the
treating solution 4 at a frequency of 28 kHz with an output
power of 600 w at a density of 1 w/cm?2. While the ultrasonic
energy was being radiated, the cleaning basket 5 was moved
upwardly and downwardly over an interval of 40 mm to allow
the ultrasonic energy to act equally on the carbide tips 6.
The treating solution 4 was held at 35°C.

After the carbide tips 6 were ultrasonically sur-
face-treated, the cleaning basket 5 was lifted out of the ul-
trasonic processing tank 3. The carbide tips 6 in the clean-
ing basket 5 were rinsed with an upward and downward shower
of pure water for 2 minutes, and then dried with hot air at
80°C for 2 minutes.

By being immersed in the treating solution 4 for 30

seconds, the surfaces of the carbide tips 6 were uniformly
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tained 2 ppm of dissolved oxygen at all tines. The carbide tips 6 were
hel d by the cleaning basket 5 and immersed in the t[Ert—ewaa '
deaerated. The ultrasonic vibrator 2 radiated ultragd *IrRAS BERND} he
-treating solution 4 at a frequency of 28 kHz with aReoui J{LAfERer of {600 w
at a density of 1 wcnferr]. Wiile the ultrasonic energy was being
radi at ed, gtimhes] danithg WddkéedsSnabsiaoyeildupndr the coteb Bovwasdridiyesover an
interval of 40 mmto allow the ultrasonic energy to act equally on the
car bi de t ivres.compd ettiedat kefoyeHut | Bhedahave hempepsi@rd ime ofAfikrsqdme
carbide tips 6 were ultrasonically surface-treated, the cleaning basket 5
was |iftedHr S 1958 agtedasenireliably etch the surfaces of the car-

bide tips 6. Actually, the uniform etching of the surfaces

of the carbide tips 6 was completed within a shorter immer-

sion time. The deaerating device 23 was so resistant to the
diluted nitric acid that it suffered no trouble after being

continuously used in operation for 600 hours.

Inventive Example 4

The same base plates 6 as those in Inventive
Example 2 were surface-treated under the same conditions as
those in Inventive Example 3 exéept that an aqueous solution
of 10 weight % of sodium hydroxide was supplied as the treat-
ing solution 4 to the ultrasonic processing tank 3, the
treating solution 4 in the ultrasonic processing tank 3 con-
tained 1.5 pbm of dissolved oxygen at all times, and the base
plates 6 housed in the cleaning basket 5 were immersed in the
deaerated treating solution 4.

As a consequence, the surfaces of the base plates 6
were uniformly etched by the aqueous solution of sodium hy-
~droxide while they were being immersed therein for 30 sec-
onds, with the result that all of the minute burrs were dis-
solved into the agqueous solution and hence removed from the
base plates 6. The above immersion time of 30 seconds was
selected to reliably etch the surfaces of the base plates 6.
Actually, the uniform etching of the surfaces of the base

plates 6 was completed within a shorter immersion time. The

- 1 8 —
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processing tank 3. The carbide tips 6 in the clean basket 5 were
vértically showered with pure water for 2 m nutes '
air at 80[err]C for 2 mnutes. By being i mer
solution 4 for 1 mnute the surfaces of the carbi fformy
etched by the diluted nitric acid and the cobalt particles were conpletely
renoved. | 108383 3a5388i BRELES d3evWeReSQakesephrlt i fy M Bhet¢ddirter 1 in

operati on continuously for 600 hours. Conparative anmpl e
P aéld that i¥ suffered no troublgpafter bef%hr%%ntfhuously

used in operation for 1200 hours.

The results of the above examples are given in the

following table:

Table
Work- Treating|Dissolvedj Treating|Re- |Continuous
pieces [solution]oxygen time sult {operation
(ppm) {(min) time (hr)
I. E. 1|Carbide|0.1lwt%- 2 1 AR 600
tips HNO3
I. E. 3|Ditto |10wt%- 2 | <o0.5 |an > 600
HNO3
C. E. 1 |Ditto lwt%- 6‘ 10 BB -——-
HNO3
C. E. 2 |Ditto Water 2 10 CC -
I. E. 2 |Base 0.1lwt3- 1.5 1 AA 1200
plates }NaOH
I. E. 4!Ditto 10wt %- 1.5 < 0.5 AA > 1200
NaOH
C. E. 3{Ditto 1wt %- 6 10 BB -
NaOH
C. E. 4 |Ditto |Water 1.5 10 Jec —-
I. E.: Inventive Example
C. E.: Comparative Example
AA: Uniformly etched
- 19 -
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The sane carbide tips 6 as those in Inventive Exanple 1 were
surface-treated under the same conditions as those in Inventive Exanple 1
except that an aqueous solution of 1 weight % of di
.supplied as the treating solution 4 to the ultrasoni g§
the punp 8 was not operated, and the treating sol uti 4 WNEPLAGEDdeaer |
ated at aldBbydre ydeaerestding: ldewitedhe®d The treating solutron £ 1n TN

ul trasoni c processing tank 3 contained 6 ppm of dissol ved oxygen at al
tinmes. CC: Not etched

It can be seen from Table above that the surface
treating method according to the present invention is capable
of effecting reaction more uniformly between the wofkpieces
and the treating solution in a shorter period of time with a
treating solution of a lower concentration than the surface
treating processes in which the reactive treating solution is
not deaerated. It is also clear that when water was used as
the treating solution instead of the reactive solution, even
if it was deaerated in the same manner as the reactive solu-
tion, the workpieces were only Ultrasonically cleaned as no
reaction takes place between the workpieces and the treating
solution, resulting in insufficient surface treatment of the
workpieces.

When the deaerating device composed of the sealed
tank and the vacuum pump (Inventive Examples 3 and 4) is
used, it is possible to use a treating solution of a higher
concentration, shorten the treating time, and surface-treat
the workpieces continuously for a longer period of time than
when the deaerating device composed of the gas separating
membrane module and the vacuum pump (Inventive Examples 1 and
2) is used.

Although a cgrtain preferred embodiment of the pre-
sent invention has been shown and described in detail, it

should be understood that various changes and modifications
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| THAS SHEET HAS BEEN

« REPLACED

may be made therein without departing from the scope of the

appended claims.
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In order to etch the surfaces of the carbide tips 6, the carbide tips 6 had
to be immersed in the treating solution 4 for 10 mnutes. The surfaces of

the carbide tips 6 had deeply pitted regi ons where t Yala | _strength
vias THW SHEET HAS BEEN
REPLACED
- 22 - _
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Claims

1. A method of surface-treating a workpiece,

comprising the steps of:

immersing a workpiece in a reactive treating
solution supplied to an ultrasonic processing tank with
an ultrasonic vibrator mounted on the bottom thereof;

radiating ultrasonic energy from the ultrasonic
vibrator into said treating solution to cause foreign
matter in a surface layer of the workpiece to react with
and dissolve in said treating solution so as to remove
the foreign matter from the workpiece;

deaerating said treating solution with a deaerating
device by removing gas dissolved in the treating
solution; and

supplying the treating solution deaerated by the
deaerating device back to said ultrasonic processing
tank.

2. A method as claimed in claim 1, comprising:
discharging the treating solution from said
ultrasonic processing tank with a discharging device,
said deaerating device being positioned downstream of

said discharging device; and

supplying the treating solution deaerated by the
deaerating device back to said ultrasonic processing
tank with a supplying device to circulate the treating

solution.

3. A method as claimed in claim 1 or claim 2, wherein
said reactive treating solution is deaerated until it

has a dissolved oxygen content of 0.01 to 5 ppm.

4, A method as claimed in any one of the preceding
claims wherein said reactive treating solution is

deaerated until it has a dissolved oxygen content of 0.1

A ) A




reduced. The deeply—pi
process that was part
acid. Conparative

t-ed |cg|UHb appeared to be devel oped by the etchlng

i &IR\Q l¥a 1 n progress due { b=ttt CHTT
S)Ae bl The same carbi de t] rescSHEETHARR g

I nventive Exanple 1 m

I n Inventive Exanple

reated under the sanme c
solution 4 to the ultrasonic processing_tggk_3. As

wat er was supplied as the treating

to 5 ppm.

5. A method as claimed in any one of the preceding
claims, wherein said reactive treating solution is an

aqueous acid solution.

6. A method as claimed in any one of the preceding
claims, wherein said reactive treating solution is an

aqueous solution of nitric acid.

7. A method as claimed in any one of claims 1 to 4,
wherein said reactive treating solution is an aqueous
alkali solution.

8. A method as claimed in claim 7 , wherein said
reactive treating solution is an aqueous solution of

sodium hydroxide.

9. A method as claimed in any one of the preceding
claims, wherein said deaerating device comprises a gas
separating membrane module having a plurality of hollow
fibrous gas separating membranes for passing said
treating solution therethrough, and an evacuating device
for evacuating said gas separating membrane module to
develop a pressure difference across said hollow fibrous

gas separating membranes.

10. A method as claimed in any one of claims 1 to 8,
wherein said deaerating device comprises a sealed tank
for introducing said treating solution therein and an

evacuating device for evacuating said sealed tank.
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a result, though the carbide tips 6 were imersed in the treating solution
4 for 10 m nutes, no etching whatsoever wdas effected _on the carbide tips 6.
Only foreign matter attached to the surfaces of the}condsmger RS sbeNdS
removed by the ultrasonic cleaning. Consequently, afnost mqmalt
particles in interstices of the alloy of the carbide
renmoved. Inventive Exanpl e ABSTRACT

Workpieces such as carbide tips housed in a clean-
ing basket are immersed in a reactive treating solution in an
ultrasonic processing tank with an ultrasonic vibrator
mounted on a bottom thereof. The ultrasonic vibrator radi-
ates ultrasonic eneréy.into the treating solution to cause
foreign matter containing in a surface layer of the workpiece
to react with and dissolved in the treating solution, so that
the foreign matter will be removed from the workpiece. The
treating solution is discharged from the ultrasonic process-
ing tank, deaerated by a deaerating device, and then supplied

back to the ultrasonic processing tank.
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An aqueous sel—u{—keﬂ—of—O—I’WéTght % of sodi um hydroxi de was suppl ed as the
treating sol u 1 e Hgsq;egm l4tedr asoni ¢ 'processing tank 3, and base pl ates
for accommda rives (HDD) were i mrersed as the wor kpi eces 6
in the treati n mFr surface treatnent Each o
was precision an al um nym al | oy, had X HAS, BERN, a
| engt h of 128mn avmdth of 96 mMm antfmB-depth of 15 / I
t hi ckness of 1.2 nm The base plates 6 had a nunber of mnute burrs on
their surfaces. The base plates 6 were surface-treated under the sane
conditions as those in Inventive Exanple 1 except that the treating
solution 4 in the ultrasonic processing tank 3 contained 1.5 ppm of

di ssol ved oxygen and the base plates 6

———
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l

FIG.
3
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housed in the cl eaning basket 5 were imersed in the deaerated treating
sol ution 4. As a consequence, the surfaces of the base plates 6 were
uniformy etched by the aqueous sol ution of sodi um hydroxide while they
were being iMmersed therein for 1 mnutg, with the resulft e
m nute burrs were dissolved into the a;’ﬁ/@ws sol ution and hem@;;emaved '
fromthe base plates 6. It was possible to use the gas gmen
brane nodul e 11 in operation continuously for 1200 hours. Conparative
Exampl e 3

~—1O

28
29
25

21

22

FIG. 2
3

r
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The sane base plates 6 as those in
under—tte~Same cor condi tions as those
supplied as the

aqueOU?fh1§SHe¢1Hh@t5Tdf~ePl.Ec%I ght % of s¢dijum Ay,
@ | n%ulﬁs Sgﬁo%l c prﬁoéé";‘m% ta ag’ i an ot

treatln
operate
deaerati The eating s-lutlgn 4 in the uljt rese ssin

tank 3 contalned 6 ppm of dissol ved pxygen—sa I Mes. ) In order 1o
etch the surfaces of the base plates 6. the baSe plates 6 had to be

immersed in the treatipg, 88LULLODAe ) k- TREATING WORKPIECE

wefggmgﬁyéﬁﬁfe > were surface-treated

Exdnp] e 1 except that an

The present invention relates to a method of sur-
face-treating a workpiece by immersing the workpiece in a re-
active treating solution of acid, alkali, or the like to
cause foreign matter contained in a surface layer of the
workpiece to react with and be dissolved in the treating ‘so-
lution so that the fo;eign matter will be removed from the

workpiece.

It is known to surface-treat a workpiece by causing
foreign matter on the workpiece, e.g., unwanted materiais
contained in a surface layer of the workpiece or burrs on the
workpiece, to react with and be dissolved in an acid or alka-
line aqueous solution so that the foreign matter will be re-
moved from the workpiece.

Carbide tips of an alloy of tungsten and cobalt are
manufactured by mixing tungsten and cobalt powders at suit-
able proportions together with a binder, and thereafter sin-
tering the mixture. The carbide tips thus manufactured tend
to retain cobalt and binder particles which are not sintered
in interstices. Since the cobalt and binder particles which
are left in a surface layer of a carbide tip may prevent the
carbide tip from achieving desired properties, it is custom-

ary to surface-treat the sintered carbide tip by immersing it



a

for 10 m ntues. The surfaces of tHe

by the etching process that was pal t'y_ugggpﬂﬂﬂl
npar at i ve
base plates 6 as those in Inventiveg
the sane conditions as those
in a treating solﬁtion containing about 1 % of diluted nitric
acid for about 10 minutes to cause the cobalt and binder par-
ticles to react with and be dissolved in the diluted nitric
acid so that they will be removed from the workpiece.

However, if the carbide tip is surface-treated for
a long period of time to dissolve the cobalt and binder par-
ticles completely, the tungsten-cobalt alloy is liable to be
partially eroded by the diluted nitric acid, with the result
that the carbide tip may have a reduced mechanical strength
where efoded.

There is known an ultrasonic cleaning process for
cleaning a workpiece. According to the ultrasonic clean;ng
process, a workpiece with foreign matter attached to its sur-
face -or burrs on its surface is immersed in water in an ul-
trasonic processing tank, and radiating ultrasonic energy
from an ultrasonic vibrator into the water to remove the for-
eign matter or burrs.

To shorten the time required to ultrasonically
clean a workpiece, it has been attempted to supply an acid or
alkaline aqueous solution to the ultrasonic processing tank,
immersing a workpiece such as a carbide tip in the acid or
alkaline aqueous solution, and radiating ultrasonic energy
from the.ultrasonic vibrator into the aqueous solution to
cause foreign matter contained in a surface layer of the‘
workpiece to react with the acid or alkaline aqueous solution
so that the foreign matter will be dissolved into the acid or

alkaline aqueous solution and removed from the workpiece.
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in Inventive Exanple 2 except that_ wa as the treating
solution 4 to the ultrasonic proce ‘ result, though the
base plates 6 were inmrersed in the 4 fo no
et chi ng what soever was effected on
on the surfaces of the base plates
cl eani ng. A surface treating adpd J 0
of surface-treating a workpiece ac rd|no fo the pregent invention w [
descri bed below with refererice to H.G—=2- ffre~Surface treating

apparat us 24, SDOWN. { f FLG r it Uheldy AR GiRREITS M0 4Nk ¢t ned

W th an ul trasoni
of the workpiece to remove a portion of the foreign matter or

burrs therefrom, and the remainder of the foreign matter is
removed by reaction with the acid or alkaline aqueous solu-
tion. In this manner, the surface treatment of the workpiece
is promoted by the radiated ultrasonic energy.

When cavitation bubbles are formed in the acid or
alkaline aqueous solution due to different sound pressures
upon radiation of the ultrasonic energy into the acid or al-
kaline aqueous solution, the gas dissolved in the acid or al-
kaline aqueous solution is vaporized in the cavitation bub-
bles, resulting in gas bubbles in the acid or alkaline aque-
ous solution. Since the gas in the gas bubbles resists the
surrounding pressure of the aqueous solution, the gas bubbles
are less liable to collapse. Therefore, shock waves that are
effective to remove the foreign matter or burrs from the'
workpiece are not generated sufficiently. Even if shock
waves are produced, they are dampened by the gas bubbles and
prevented from effectively acting to remove the foreign mat-

ter or burrs from the workpiece.

it is therefore an object of the present invention
to provide a method of surface-treating a workpiece in a re-
duced period of time to produce a uniform and high-quality
workpiece surface by causing foreign matter contained in a
surface layer of the Qorkpiece to react with and be dissolved

in a reactive treating solution.
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vi br at or

ul trasonic processing tank 3 is
solution (treating solution) 4.
are imersed in the treating solt quAFEBhﬁHbltrdsonic
ultrasonic energy into the treatjnpg solution 4 tto{cause
contained in surface | ayers of the mnrkg%eces 6 tqd react
di ssolved in the treating solutipn 4 so

2 nmounted on the botto

processing tank-3. The
1cid or alkallne aqueous
inac

hat _the _floreign matter will be

removed fromthe workpieces 6. To the ultrasonic processing tank 3. there
i s connected a di s- Tghaegeev@nduet aboler odijeehar ghaget he preaideg sl ution
4 fromthe ultrasonic processing tank 3. the discharge conduit 7 being
connect ed aceoxddingsehaigd phepp22skot dnaenngobhe teehbdngfsebutace-4 from
the ultrasonic processing tank 3. A

treating a workpiece, comprising the steps of immersing a
workpiece in a reactive treating solution supplied to an ul-
trasonic processing tank with an ultrasonic vibrator mounted
on a bottom thereof, radiating ultrasonic energy from the ul-
trasonic vibrator into the treating solution to cause foreign
matter containing in a surface layer of the workpiece to re-
act with and dissolved in the treating'solution, so that the
foreign matter will be removed from the workpiece, deaerating
the treating solution with a deaerating device by removing a
gas dissolved in the treating solution, and supplying the
treating solution deaerated by the deaerating device back to
the ultrasonic processing tank.

Since the treating solution which reacts with the
foreign matter contained in the surface layer of the work-
piece is deaerated, the generation of gas bubbles is sup-
pressed when the ultrasonic energy is radiated into the
treating solution, allowing a vacuum to be created in cavita-
tion bubbles, which are then easily collapsed under the sur-
rounding pressure thereby to produce intensive shock waves.
The shock waves are effective to remove most of the foreign
matter contained in the surface layer of the workpiece, and
the remainder of the foreign matter reacts with and is dis-
solved in the treating solution so that it will be removed
from the workpiece.

*_”ﬂ___,_‘___ﬂe______
' heet Has Been Replacec
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deaerating device 23 is al so connected through a sol enoi d-operated val ve 24
to the discharge conduit 7 downstreanpok

With the treating solution deaerated, a gas pro-
duced when the workpiece reacts with the treating solution is
easily dissolved in the treating solution, and does not pro-
duce small bubbles which would be attached to the surface of
the workpiece. Thus, the reaction between the workpiece and
the treating solution is promoted. The radiation of the ul-
trasonic energy into the treating solution stirs the treating
solution for further promotion of the reaction between the
workpiece and the treating solution. The time required to
treat the surface of the workpiece is therefore greatly re-
duced.

The treating solution is deaerated by the deaerat-
ing device which removes the dissolved gas from the treating
solution, and the deaerated treating solution is supplied |
back to the ultrasonic processing tank. The treating solu-
tion supplied to the ultrasonic processing tank remains
deaerated at all times.

It is preferable to discharge the treating solution
from the ultrasonic processing tank with a discharging de-
vice, the deaerating device being positioned downstream of
the discharging device, and to supply the treating solution
deaerated by the deaerating device back to the ultrasonic
processing tank with a supplying device to circulate the
treating solution. Use of the treating solution in circula-
tion reduces the amount of reactive treating solution that is
discarded, thereby minimizing a harmful effect of the reac-

tive treating solution on the environment.
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t he di scharge punp 22 for deaerati nngMt ﬁﬁ ETscl ution 4 discharged

fromthe

The reactive treating solution should preferably be
deaerated until the reactive treating solution has a Qis-
splved oxygen content ranging from 0.01 to 5 ppm. TIf the
dissolved oxygen content were in excess of 5 ppm, then it
would be impossible to sufficiently suppress the generation
of gas bubbles in the treating solution. If the dissolved
oxygen content were smaller than 0.01 ppm, then there would
be no more advantages than when the dissolved oxygen content
ranges from 0.01 to 5 ppm. Specifically, the gas dissolved
in the treating solution is air. Since the gases contained
in air have substantially constant proportions, the total
amount of dissolved gas is represented by the dissolved oxy-
gen content.

It is more preferable to deaerate the reactive
treating solution until the reactive treating solution has a
dissolved oxygen content ranging from 0.1 to S ppm. Inasmuch
as the treating solution is reactive and the surface of the
workpiece is treated by reaction with the treating solution,
the treating solution is not required to be deaerated such a
high extent as i1f the workpiece is ultrasonically cleaned.
Thus, the treating solution needs to be deaerated to the
above dissolved oxygen content range, and can easily be man-
aged.

The reactive treating solution may comprise an
agueous solution of acid or alkali. The aqueous solution of
acid may comprise an agueous solution of diluted nitric apid.

The aqueous solution of alkali may comprise an aqueous solu-
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treating solution 4 that has been deaerated by the deaerating device 23 is
suppl i ed back to the ultrasonic processing tank 3 through_a supply condui t

0 t hat

i nt erconnects the deaera
processing tank 3. The supply coa
which is coupled to the deaerating
val ve 26.
i ntroduci ng the treating sol utior
evacuating the sealed tank 27. The
| evel sensbio29 f osodiEtrechydgohde | evBEhe of oriden i

The deaerating dey

Jﬁgr EQFBgﬁd

ajvacuum punp 28 for
s associated with a
itadm e fsalhet iteraging

I ntroduced in the seal ed tank 27.%-Fhe—tevet—Sensor 29 is electrically
connect ed $olthiosoh&y be large enough to react with and dissolve the

foreign matter contained in the surface layer of the work-
piece.

The deaerating device may comprise a gas separating
membrane module having a plurality of hollow fibrous gas sep-
arating membranes for passing the treating solution
therethrough, and an evacuating device for évacuating the gas
separating membrane module to develop a pressure difference
across the hollow fibrous gas separating membranes. When the
hollow fibrous gas separating membranes are evacuated by the
evacuating device while the treating solution is flowing
through the hollow fibrous gas sebarating membranes, the
pressure outside of the hollow fibrous gas separating mem-
branes becomes lower than the pressure in the hollow fibrous
gas separating membranes, discharging the gas dissolved in
the treating solution out of the hollow fibrous gas separat-
ing membfanes. As a consequence, the treating solution @s
deaerated downstream of the gas separating membrane module,
and the deaerated treating solution is supplied back to the
ultrasonic processing tank.

The gas separating membrane module is of a simple
structure for deaerating the treating solution with high ac-
curacy, and can keep the dissolved oxygen content of the
treating solution easily in the above range.

Since the reactive treating solution such as the

agqueous solution of acid or alkali is employed in the method
- .

e
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noi d- operated val ves 24. 26. When the level of the treating solution 4
In the sealed tank 27 reaches a cted by the | evel sensor
29, the sol enoi d-operated val ve %&Mﬁﬂﬁﬁ‘a SHEETt e sol enoi d operat ed

valve 26 is closed to introduce
t
g P

tank 27 that has been evacuated |
~the~Seated tank 27. 3 e

into the evacu- ated seal ed tank
solution 4 is discharged into the
treating solution 4 is deaerated.) Wien the |evel of the treating solution 4
n the seagedotakg2do! EAENESc3RNUPRRVCHETEE, B ddieotad oA |fee!
sensor 29. the sol énoi d-operated va I's closed and the

sol enoi d- ogepatr8€iKgl MémBBanes tend to be deteriorated during continu-

S —

ous surface treatment. Preferably, the deaerating device
should comprise a sealed tank for introducing the treating
solution therein, and an evacuating device for evacuating the
sealed tank. When the treating solution is introduced into
the sealed tank which is evacuated by the evacuating device,
the gas dissolved in the treating solution is discharged into
the space in the sealed tank, causing the treating solution
to be deaerated. Since the deaérating device composed of the
sealed tank and the evacuating device has no gas separating
membranes, the deaerating device is resistant to acid and al-
kali, and can deaerate thé treating solution sufficiently ac-

curately to the above range.

The above and other objects, features, and advan-
tages of the present invention will become apparent from the
following description when taken in conjunction with the ac-
companying drawings which illustrate a preferred embodiment

of the present invention by way of example.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic cross-sectional view of an
apparatus for carrying out a method of surface-treating a
workpiece according to the present invention; and
FIG. 2 is a schematic cross-sectional view of an-
other apparatus for carrying out the method of surface-treat-

ing a workpiece according to the present invention.
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I's opened to enable the supply punp 25 to disrhnLne the treating solution 4

fromthe sealed tank 27. The di olution 4 is supplied
img ultrasoni c processing tank 3.

t hrough the supply conduit 10 b
A surface treating process carriged}out syr flace t 21
eﬁtﬁNF\é %@nal e Exa ANHEEN
f tF-+tC ﬁCId Sd | as_the

shown in FIG 2 will be describe
treating solution 4 to the ultra onlc

aqueous solution of 10 weight %

- _.ﬁ
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As shown in FIG. 1, a surface treating apparatus 1
for carrying out a method of surface-treating a workpiece ac-
cording to the present invention has an ultrasonic processing
tank 3 combined with an ultrasonic vibrator 2 mounted on the
bottom of the ultrasonic processing tank 3. The ultrasonic
processing tank 3 is supplied with an acid or alkaline aque-
ous solution (treating solution) 4. Workpieces 6 held in a
cleaning basket 5 are immersed in the treating solution 4.
The ultrasonic vibrator 2 radiates ultrasonic energy into the
treating solution 4 to cause foreign matter contained in sur-
face layers of the workpieces 6 to react with and be dis-
solved in the treating solution 4 so that the foreign matter
will be removed from the workpieces 6. To the ultrasonic
processing tank 3, there is connected a discharge condui; 7
for discharging the treating solution 4 from the ultrasonic
pfocessing tank 3, the discharge conduit 7 being connected to
a pump 8 for drawing the treating solution 4 from the ultra-
sonic processing tank 3. A deaerating device or deaerator 9
is also connected to the discharge conduit 7 downstream of
the pump 8 for deaerating the treating solution 4 discharged
from the ultrasonic processing tank 3. The treating solution
4 that has been deaerated by the deaerating device 9 is sup-
plied back to the ultrasonic processing tank 3 through a sup-
ply conduit 10 that interconnects the deaerating device 9 and
the ultrasonic processing tank 3.

The deéerating device 9 comprises a gas separaéing

membrane module 11 having a plurality of hollow fibrous gas
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processing tank 3. and the sane h se in Inventive Exanple
1 were imersed as the workpiece Mﬂfr |n solution 4 for sun[rgce
t-r eat ment . The treating sol ufji A~Was nterjnijtently supplied through
t he di scharge conduit 7 to the dgadqr QtSanBIdQS?ce | © by har ge punmp

22 and the deaerated treating sollutli on 4 was_intéeriittgnt™y SHEEPLLE
t hrough the supply conduit 10 to |t} U|&5ason|c pr ¢ces
supply punmp 25. As a result, the f{treating sol n'4 in the ultr530ﬂ1
pLocess- ing tank 3 contained 2 p I ssol ved oxygen at all tines.
The carbide ti dDb he cl eani asket | JPE; in the
treating sSFB?FSﬁlthﬂﬁmgﬁane 54 .p %gégrg%é) thd kb1 P o

eae
therethrough, and a vacuum pump 12 for evacuating the gas

separating membrane module 11 to develop a pressure differ-
ence across the hollow fibrous gas separating membranes.

A surface treating process carried out by the sur-
face treating apparatus 1 shown in FIG. 1 will be descriped
below.

Inventive Example 1

An agueous solution of 0.1 weight % of diluted ni-
tric acid was supplied as the treating solution 4 to the ul-
trasonic processing tank 3, and carbide tips of an alloy of
tungsten and cobalt were immersed as the workpieces 6 in the
treating solution 4 for surface treatment.

Each of the carbide tips 6 was manufactured by sin-
tering tungsten and cobalt powders mixed with a binder, and
was of a lozenge shape having a thickness of 3 mm, a width of
15 mm, and a length of 15 mm. The carbide tips 6 carried
cobalt and binder particles that have not been éihéered énd
are trapped in interstices of the alloy produced by the sin-
tering process.

The treating solution 4 was supplied through the
discharge conduit 7 to the deaerating device 9 by the pump 8
at a rate of 100 liters per hour. The treating solution 4
deaerated by the deaerating device 9 was supplied back to the
ultrasonic processing tank 3 through the_supply conduit 10.
The treating solution 4 in the ultrasonic processing tank 3

contained 2 ppm of dissolved oxygen at all times.
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ultrasonic vibrator 2 radiated {lggpADEMENT SHEEY jnto the treating solution

4 at a frequency of 28 kHz with of 600 a_density-of 1
i pt ed, ms;mrmsehﬁ% ket

a

w cn2. Wiile the ultrasonic ene gﬁ [

5 was nmoved upwardly and downwardl rival df 40 ReMiagesl | ow | he
d t{ps 6.7 The treatrmg=~

a

ultrasonic energy to act equally

solution 4 was held at 35[err]C. Fbide tips 6 were

ul trasonically surface-treated, tthe—ctcanrrg—basket 5 was |ifted out of the
ultrasonic processing tank 3. The carbide tips 6 in the cleaning basket 5

vere rinsed with anmwaiadoide dapswar deshonetdoby pune ekeanif@rbaskethut es,
and then dried with hot air at 80[err]C for 2 m nutes.
S and immersed in the treating solution 4 thus deaerated.

The ultrasonic vibrator 2 radiated ultrasonic energy into the
treating solution 4 at a frequency of 28 kHz with an output
power of 600 w at a density of 1 w/cm?2. While the ultrasonic
energy was being radiated, the cleaning basket 5 was moved
upwardly and downwardly over an interval of 40 mm to allow
the ultrasonic energy to act equally on the carbide tips 6.
The treating solution 4 was held at 35°C.

After the carbide tips 6 were ultrasonically sur-
face-treated, the cleaning basket 5 was lifted out of the ul-
trasonic processing tank 3. The carbide tips 6 in the clean-
ing basket 5 were vertically showered with pure water for 2
minutes, and then dried with hot air at 80°C for 2 minutes;

By being immersed in the treating solution 4 for 1
minute, the surfaces of the carbide tips 6 were uniformly
etched by the diluted nitric acid and the cobalt particles
were completely removed. It was possible to use the gas sep-
arating membrane module 11 in operation continuously for 600
hoursn
Comparative Example 1

The same carbide tips 6 as those in Inventive
Example 1 were surface-treated under the same conditions as
those in Inventive Example 1 except that an aqueous solution
of 1 weight % of diluted nitric acid was supplied as the
treating solution 4 to the ultrasonic processing tank 3, the

pump 8 was not operated, and the treating solution 4 was not
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of the carbide tips 6 were unifadr he diluted nitric acid and
t-he cobalt particles were conple Thye {above i gaErsion tinme of
30 sec- onds was selected to rel uriff aces of THEEszs:

6. Actually, the uniform etchingtof { the cRrbi degpy,

conpleted within a shorter inmer$i doa

resistant to the diluted nitric . Tered no trouble after

bei ng continuously used in operation for 600 hours. Inventive Exanple 4
deaerated at all by the deaerating device 9. The treating

solution 4 in the ultrasonic processing tank 3 contained .6
ppm of dissolved oxygen at all times.

In order to etch the surfaces of the carbide tips
6, the carbide tips 6 had to be immersed in the treating so-
lvution 4 for 10 minutes. The surfaces of the carbide tips 6
had deeply pitted regions where the mechanical strength was
reduced. The deeply pitted regions appeared to be developed
by the etching process that.was partly excéssively in
progress due to the diluted nitric acid. .
Comparative Example 2

The same carbide tips 6 as those in Inventive
Example 1 were surface-treated under the same conditions‘as
those in Invgntive Example 1 except that water was supplied
as the treating solution 4 to the ultrasonic processing tank
3. As a result, though the carbide tips 6 were immersed in
the treating solution 4 for 10 minutes, no etching whatsoever
was effected on the carbide tips 6. Only foreign matter at-
tached to the surfaces of the carbide tips 6 was removed by
the ultrasonic cleaning. Consequently, almost all cobalt
particles in interstices of the alloy of the carbide tips 6
were not removed.
Inventive Example 2

An aqueous solution of 0.1 weight % of sodium hy-
droxide was supplied as the treating solution 4 to the uitra—
sonic processing tank 3, and base plates for accommodating

hard disk drives (HDD) were immersed as the workpieces 6 in
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The same base plates 6 as those in Inventive Exanple 2 were surface-treated
under the sanme conditions as those in Inventlve Exanpl e 3 except that an

agueous solution of 10 weight %o bt XLoa was s lied as the
treat- ing solution 4 to the ultrRhgp v]' NG Yank 3, Tied udpf -
solution 4 in the ultrasoni c procgspae K inedj1.5 pmﬁkg E? |
di ssol ved oxygen at all tines. and housed TT tTire—etear-Ag

basket 5 were imersed in the dea sof ution 4. As a
consequence, the surfaces of the werejuniformy etched by the

aqueous sol yt| egilng s4Thcion 4

base plates 6 was precision die castings of an aluminum al-
loy, had a box shape having a length of 128 mm, a width of 96
mm, and a depth of 15 mm, and had a wall thickness of 1.2 mm.
The base plates 6 had a number of minute burrs on their sur-
faces.

The base plates 6 were surface-treated under the
same conditions as those in Inventive Example 1 except that
the treating solution 4 in the ultrasonic processing tank 3
contained 1.5 ppm of dissolved oxygen and the base plates 6
housed in the cleaning basket 5 were immersed in the deaer-
ated treating solution 4.

As a consequence, the surfaces of the base plates 6
were uniformly etched by the aqueous solution of sodium hy-
droxide while they were being immersed therein for 1 minute,
with the result that all of the minute burrs were dissolved
into the aqueous solution and hence removed from the base
plates 6. It was possible to use the gas separating membrane
module 11 in operation continuously for 1200 hours.
Comparative Example 3

The same base plates 6 as those in Inventive
Example 2 were surface-treated under the same conditions as
those in Inventive Example 1 except that an agueous solution
of 1 weight % of sodium hydroxide was supplied as the treat-
ing solution 4 to the ultrasonic processing tank 3, the pump
8 was not opgrated, and the treating solution 4 was not

deaerated at all by the deaerating device 9. The treating
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hydrOX|de whil e they were being |nnersed thereln for 30 seconds, wth the
result that all of the mnute burrs E i -=otved into the aqueous
solution and hence renoved fronft Qg v‘,, dﬂEfTG The above imersion tine
of 30 seconds was selected to reli .

6. Actually, the uniform etchind
conpleted within a shorter i merlsi pr
resistant to t he diIuted nitric

ppm of dissolved oxygen at all times.

In order to etch the surfaces of the base plates 6,
the base plates 6 had to be immersed in the treating solution
4 for 10 minutes. The surfaces of the base plates 6 were
partly eroded by the aqueous solution of sodium hydroxide.
The erosion appeared to be developed by the etching process
that was partly excessively in progress due to the aqueous
solution of sodium hydroxide.

Comparative Example 4

The same base plates 6 as those in Inventive
Example 2 were surface-treated under the same conditions as
those in Inventive Example 2 except that water was supplied
as the treating solution 4 to the ultrasonic processing tank
3. As a result, though the base plates 6 were immersed in
the treating solution 4 for 10 minutes, no etching whatsoever
was effected on the base plates 6. Odly the minute burrs on
the surfaces of the base plaies 6 were partly removed by the
ultrasonic cleaning.

A surface treating apparatus 21 for carrying out
the method of surface-treating a workpiece according to ﬁhe
present invention will be described below with reference to
FI1G. 2.

The surface treating apparatus 21 shown in FIG. 2
has an ultrasonic processing tank 3 combined with an ultra-
sonic vibrator 2 mounted on the bottom of the ultrasonic pro-

cessing tank 3. The ultrasonic processing tank 3 is supplied

This Sheet Has Been Replaced

IR




THIS SHEPY HAS BEEN
REPLACED

with an acid or alkaline T solution (treating solution)
4. Workpieces 6 held in a cleaning basket 5 are immersed in
the treating solution 4. The ultrasonic vibrator 2 radiates
ultrasonic energy into the treating solution 4 to cause for-
eign matter contained in surface layers of the workpieces 6
to react with and be dissolved in the treating solution 4 so
that the foreign matter will be removed from the workpieces
6. To the ultrasonic processing tank 3, there is connected a
discharge conduit 7 for discharging the treating solution 4
from the ultrasonic processing tank 3, the discharge conduit
7 being connected to a discharge pump 22 for drawing the
treating solution 4 from the ultrasonic processing tank 3. A
deaerating device 23 is also connected through a solenoid-op-
erated valve 24 to the discharge conduit 7 downstream of the
discharge pump 22 for deaerating the treating solution 4 dis-
charged from the ultrasonic processing tank 3. The treating
solutién 4 thaﬁ has been deaerated by the deaerating device
23 is supplied back to the ultrasonic processing tank 3
through a suppiy conduit 10 that interconnects the deaerating
device 23 and the ultrasonic processing tank 3. The supply
conduit 10 is connectéd to a supply pump 25 which is coupled
to the deaerating device 23 through a solénoid-operated valve
26.

The deaerating device 23 comprises a sealed tank 27
for introducing the treating solution 4 therein, and a v;cuum
pump 28 for evacuating the sealed tank 27. The sealed tank

27 is associated with a level sensor 29 for detecting the
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level of the treating solution 4 introduced in the sealed
tank 27. The level sensor 29 is electrically connected to
the solenoid-operated valves 24, 26.

When the level of the treating solution 4 in the
sealed tank 27 reaches a lower level as detected by the level
sensor 29, the solenoid-operated valve 24 is‘opened and the
solenoid-operated valve 26 is closed to introduce the treat-
ing solution 4 into the sealed tank 27 that has been evacu-
ated by the vacuum pump 28. Upon introduction into the evac-
vated sealed tank 27, the gas dissolved in the treating solu-
tion 4 is discharged into the space in the sealed tank 27, so
‘that the treating solution 4 is deaerated. When the level of
the treating solution 4 in the sealed tank 27 reaches an up-
per ie&el as detected by the level sensor 29, the solenoid-
operated valve 24 is closed and the solenoid-operated valve
26 is opened to enable the supply pump 25 to discharge the
treating solution 4 from the sealed tank 27. The discharged
treating solution 4 is supplied through the supply conduit 10
back to the ultrasonic processing tank 3.

A surface treating process carried out by the sur-
face treating apparatus 21 shown in FIG. 2 will be described
below.

Inventive Example 3

An agueous solution of 10 weight % of diluted ni-

tric acid was supplied as the treating solution 4 to the ul-

trasonic processing tank 3, and the same carbide tips as
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those in Inventive Example 1 were immersed as the workpieces
6 in the treating solution 4 for surface treatment.

The treating solution 4 was intermittently supplied
through the discharge conduit 7 to the deaerating device 10
by the discharge pump 22, and the deaerated treating solution
4 was intermittently supplied through the supply conduit 10
to the ultrasonic processing tank 3 by the supply pump 25.

As a result, the treating solution 4 in the ultrasonic pro-
cessing tank 3 contained 2 ppm of dissolved oxygen at all
times.

The carbide tips 6 were held by the cleaning basket
5 and immersed in the treating solution 4 thus deaerated.

The ultrasonic vibrator 2 radiated ultrasonic energy into the
treating solution 4 at a frequency of 28 kHz with an output
power of 600 w at a density of 1 w/cm?. While the ultrasonic
energy was being radiated, the cleaning basket 5 was moved
upwardly and downwardly over an interval of 40 mm to allow
the ultrasonic energy to act equally on the carbide tips 6.
The treating solution 4 was held at 35°C.

After the carbide tips 6 were ultrasonically sur-
face-treated, the cleaning baskeﬁ 5 was lifted out of thé ul-
trasonic processing tank 3. The carbide tips 6 in the clean-
ing basket 5 were rinsed with an upward and downward shower
of pure water for 2 minutes, and then dried with hot air at
80°C for 2 minutes.

By being immersed in the treating solution 4 for 30

seconds, the surfaces of the carbide tips 6 were uniformly
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E. 3 Dtto 10wt % HNC3 2 < 0.5
E. 1 Dtto 1wt % HNO3 8
E. 2

. Ditto Wt er rWMﬁo
E. 2 Base plates 0. w % NaCH 2 %

O0OFFOOR.

E. 4 Ditto 10w % NaCH Beq. )
E 3 Ditto | Wt % NaCH o § Fen 1097 {0
E 4 Ditto it er 118 -———40

etched by the diluted ni € cobalt particles
were completely removed. The above immersion time of 30 Sec-
onds was selected to reliably etch the surfaces of the car-
bide tips 6. Actually, the uniform etching of the surfaces
of ;he carbide tips 6 was completed within a shorter immer-
sion time. The deaerating device 23 was so resistant to the
diluted nitric acid that it suffered no trouble after being
continuously used in operation for 600 hours.

Inventive Exahple 4

The same base plates 6 as those in Inventive
Example 2 were surface-treated under the same conditions as
those in Inventive Example 3 exéept that an aqueous solution
of 10 weight % of sodium hydroxide was supplied as the treat-
ing solution 4 to the ultrasonic processing tank 3, the
treating solution 4 in the ultrasonic processing tank 3 con-
tained 1.5 pbm of dissolved oxygen at all times, and the base
plates 6 housed in the cleaning basket 5 Qere immersed in the
deaerated treating solution 4.

As a consequence, the surfaces of the base plates 6
were uniformly etched by the aqueous solution of sodium hy-
droxide while they were being immersed therein for 30 sec-
onds, with the result that all of the minute burrs were dis-
solved into the aqueous solution and hence removed from the
base plates 6. The above immersion time of 30 seconds was
selected to reliably etch the surfaces of the base plates 6.
Actually, the uniform etching of the surfaces of the base

plates 6 was completed within a shorter immersion time. The
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deaerating device 23 waS SO0 resistant to the diluted nitric

acid that it suffered no trouble after being continuously

used in operation for 1200 hours.

following table:

The results of the above examples

are given in the

Table
Work- Treating|Dissolved| Treating{Re- |Continuous
pieces |solution|oxygen time sult |operation
(ppm) (min) time (hr)
I. E. Carbide|0.1lwt%- 2 1 AR 600
tips HNO3
I. E. Ditto 10wt %- 2 < 0.5 AA > 600
HNO3
C. E. Ditto 1wt %- 6‘ 10 BB -
HNO3
C. E. Ditto Water 2 10 ccC -
I. BE. .Base 0.1lwt%- 1.5 i AA 1200
plates |NaOH
I. E. Ditto 10wt %— 1.5 < 0.5 AA > 1200
NaOH
C. E. Ditto 1wt %- 6 10 BB —-—-
NaOH
C. E. 4[Ditto |water 1.5 10 |ec ——-
I. E.: Inventive Example
C. E.: Comparative Example

AA: Uniformly etched
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It can be seen from Tabl e above that the surface treating nethod according

to the present invention is cap
‘between the workpi eces and the t
time with a treating solution of
treating processes in which the
deaerated. It is also clear that
soltion instead of the reactive
same nanner as the reactive sol ut

whe
50
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and the treating soPution, resu
the workpi @gesyot etched

QE?UlﬂﬂﬂﬂﬂU

a,
weEc [ %gwi ﬂg sol ut i
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eaction nore uniformy
ifn a shorter period of
rgtion ty

was jusied as t-he : ,

Tt jt was deaerated in the
t he wor | pi eces were only
ace between the wor kpi eces

ting in I nsufficient surface treatnent of

It can be seen from Table above that the surface

treating method according to the present°invention is capable

of effecting reaction more uniformly between the workpieces

and the treating solution in a shorter period of time with a

treating solution of a lower concentration than the surface

treating processes in which the reactive treating solution is

not deaerated. It is also clear that when water was used as

the treating solution instead of the reactive solution, even

if it was deaerated in the same manner as the reactive solu-

tion, the workpieces were only ultrasonically cleaned as no

reaction takes place between the workpieces and the treating

solution, resulting in insufficient surface treatment of the

workpieces.

When the deaerating device composed of the sealed

tank and the vacuum pump (Inventive Examples 3 and 4) is

used, it is possible to use a treating solution of a higher

concentration, shorten the treating time, and surface-treat

the workpieces cohtinuously for a longer period of time than

when the deaerating device composed of the gas separating

membrane module and the vacuum pump (Inventive Examples 1 and

2) is used.

Although a certain preferred embodiment of the pre-

sent invention has been shown and described in detail, it

should be understood that various changes and modifications
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When the deaerating device conposed of the sealed tank and the vacuum punp
(I'nventive Exanples 3 and 4) is used,.l a1 to use a treating

sol ution of a higher concentration} __fﬂﬁéﬂﬁﬁ§a‘|ng time, and
surface-treat the workpieces conti Yok - br period of time than

when the deaerating device conposed =t|rgn¥c“u
R
: h;g hee and |

and the vacuum punp (Il nventive Exa
certain preferred enbodi nent of the
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Claims et
1. A method of surface-treating a workpiece,

comprising the steps of:

immersing a workpiece in a reactive treating
solution supplied to an ultrasonic processing tank with
an ultrasonic vibrator mounted on the bottom thereof;

radiating ultrasonic energy from the ultrasonic
vibrator into said treating solution to cause foreign
matter in a surface layer of the workpiece to react with
and dissolve in said treating solution so as to remove
the foreign matter from the workpiece;

deaerating said treating solution with a deaerating
device by removing gas dissolved in the treating
solution; and

supplying the treating solution deaerated by the
deaerating device back to said ultrasonic processing
tank.

2. A method as claimed in claim 1, comprising:
discharging the treating solution from said
ultrasonic processing tank with a discharging device,
said deaerating device being positioned downstream of

said discharging device; and

supplying the treating solution deaerated by the
deaerating device back to said ultrasonic processing
tank with a supplying device to circulate the treating
solution, |

3. A method as claimed in claim 1 or claim 2, wherein
said reactive treating solution is deaerated until it
has a dissolved oxygen content of 0.01 to 5 ppm.

4. A method as claimed in any one of the preceding

claims wherein said reactive treating solution is
deaerated until it has a dissolved oxygen content of 0.1

* [% L ] s ®
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to 5 ppm.

5. A method as claimed in any one of the preceding
claims, wherein said reactive treating solution is an
aqueous acid solution.

6. A method as claimed in any one of the preceding
claims, wherein said reactive treating solution is an
aqueous solution of nitric acid.

7. A method as claimed in any one of claims 1 to 4,
wherein said reactive treating solution is an agqueous
alkali solution.

8. A method as claimed in claim 7 , wherein said
reactive treating solution is an agueous solution of
sodium hydroxide.

9. A method as claimed in any one of the preceding
claims, wherein said deaerating device comprises a gas
separating membrane module having a plurality of hollow
fibrous gas separating membranes for passing said
treating solution therethrough, and an evacuating device
for evacuating said gas separating membrane module to
develop a pressure difference across said hollow fibrous

gas separating membranes.

10. A method as claimed in any one of claims 1 to 8,
wherein said deaerating device comprises a sealed tank
for introducing said treating solution therein and an
evacuating device for evacuating said sealed tank.
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METHOD OF SURFACE-TREATING WORKPIECE

ABSTRACT

Workpieces such as carbide tips housed in a clean-
ing basket are immersed in a reactive treating solution in an
ultrasonic processing tank with an ultrasonic vibrator
mounted on a bottom thereof. The ultrasonic vibrator radi-
ates ultrasonic eneréy.into the treating solution to cause
foreign matter containing in a surface layer of the workpiece
to react with and dissolved in the treating solution, so that
the foreign matter will be removed from the workpiece. The
treating solution is discharged from the ultrasonic process-
ing tank, deaerated by a deaerating device, and then supplied

back to the ultrasonic processing tank.

FIGURE 1.
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1. A nethod of surface-treaing a workpiec
I mrer si ng a workpi ece (6) in an aque
supplied to an ultrasonic processing
solution (4) conprising at |east ohe
said ultrasonic processing t
(2) nounted on a bottomwall thereof
vertically upward and downward t hrou
process- ing tank (3):

DWWW

I ank

[ alVANs)

b Said sol ution (}4)

N
- Os
2 " —~
B \
v\\ “\’\ K%
I

et Has Been Replaced

\\Il\l\\ T

3.21\ 6% %&Iaéi- esa naL

i d wor kpi ece (6)

12

(é}ﬁSSQﬁﬁ; P%FH
t r as REFEA

in said ultrasonic



radi ating ul trasonic energy frop
treating solution (4) to cause
~the workpiece (6) to react with
So as to renove the for
deaerating said treating soluti
gas dissolved in the treating s
sol ution has a dissol ved oxygen

WWI SHEET

Dl th eS|

p| OtTon (4

cont ent 2of” 0.01 t

Mre—ti E--aseR-6—\i br at or (2)

apretrssotve—+3 S

into said
in a surface | ayer of

said treating
0 5 ppm and

) until

supplying the treating solution
back to said ultrasonic process

(6) deaerated—by
I ng tank (

o
?

t he deaerating device (9)
3).

21

100)
1§V

'O

}
uj
26

5 )
N
N g
N N
N
) M
2 N
(T
n o
v
\ \
N
is Sheet Has Been Replaced

A

i

o e il

AR R L s+ oA, . et PRI



2. Anethod as clainmed in claim21 conprisi
freating solution fromsaid ultrasonic pro

n
. . | %tﬁr ‘
sai d deaerat - i ng devi ce being

devi ce,

sai d di schargi ng device: and suppl yi ng the tk el
deaerated by the deaerating device back to said ultrako

W th

gositth

a supplying device to %irculate the tre
o METHOD OF SURFACE-TREATING WORK

Since the treating solution which reacts with the foreign matter contained in the YarraZa Tayer of the workpieca is
deaerated, the generation of gas buttles is suppressed when the ultrasonic energy is radiated into the treating solution,
allowing a vacuum to be created in cavitation bubbles. which are then easily collapsed under the surreunding pressure
thereby lo prcduce intensive sheck waves. The shock waves are affective !0 remove most of the foreign matter con-
tained in the surface layer of the workpiece, and the remainder of the forsign matter reacts with and is dissolved in the
lreating scluticn so that it will be ramoved from the worlgieca.

With the treating solution deaerated. a gas produced when the workpiece reacts with the treating sclution is easily
dissolved in the treating scluticn, and does not preduce small bubties which would be attached 1o the surfaca of the
workpieca. Thus, the reacticn between the workpiece and the treating solution is promoted. The radiation of the ultra-
sonic energy into the treating sclution stirs the treating sclution for further promotion of the reaction between tha work-
piece and the treating solution. The time required to treat the surface of the workpiece is therefcre greatly reduced.

The treating solution is deaerated by the deaerating device which remaves the dissalved gas from the freating solu-
tion, and {he deaerated treating sciution is supplied back ta the ultrasonic processing tank. The treating solution sup-
plied to the ultrasonic processing tank remains deaerated at ail times.

Itis preferable to discharge the treating solution from the ultrasonic processing tank with a discharging device, the
deaerating device being positioned downstream of the discharging device, and to supply the treating solution deaerated
By the deaerating device back o the ultrasonic processing tank with a supplying device to circulate the treating solution.
Use of the traating solution in circulation reduces the amount of reactive treating solution that is discarded, thereby min-
imizing a harmful effect of the reactive treating solution on the environment.

The reactive ireating solution should be deaerated until the reactive treating solution has a dissolved oxygen con-
tent ranging from 0.01 to 5 ppm. if the dissoived axgen content were in excess of 5 ppm, then it would be impossibie to
sufficiently suppress the generation of gas bubbles in the treating solution. If the dissolved axygen content were smaller
than 0.01 ppm, then there would he no mare advantages than when the dissolved oxygen content ranges from 0.01 to
S ppm. Specifically, the gas dissoived in the treating solution is air. Since the gases contained in air have substantially
constant propartions, the total amount of dissolved gas is represented by the dissoived oxygen content.

Itis more preferable to deaerate the reactive treating solution until the reactive treating solution has a dissoived oxy-
gen content ranging from 0.1 to 5 ppm.

Inasmuch as the treating solution is reactive and the surface of the workpiece is treated by reaction with the treating

-solution, the treating solution is not required to be deaerated such a high extent as if the workpiece is ultragonically

cleaned. Thus, the treating solution needs to be deaarated to the above dissolved oxygen content range, and can easily
be managed.

The reactive treating solution comprises an aqueous solution of acid or alkali. The aqueous solution of acid may
comprisa an aqueous soiution of diluted nitric acid. The aquecus solution of alkali may comprise an aqueous sciution
of sodium hydraxide. The cancentration of the treating solution may be large encugh to react with and dissoive the for-
eign malter contained in the surface layer of the worlpiece.

The deaerating device may comprise a gas separating membrane module having a plurality of hollow fibrous gas
separating membranes for passing the treating solution therethrough, and an evacuating devica for evacuating the gas
separating membrane module to develop a pressura difference acrass the hallow fibrous gas separating membranes.
When the hollow fibrous gas separating membranes are evacuated by the evacuating device while the treating solution
is flowing through the hollow fibrous gas separating membrranes, the pressure outside of the hollow fibrous gas sepa-
rating membranes becomes lower than the pressurs in tha hollow fiorous gas separating membranes, discharging the
gas dissolved in the treating solution out of the hollow fibrous gas separating membranes. As a consequenca, the treat-
ing solution is deaerated downstream of the gas separating membrane module, and the deaerated treating solution is
supplied back to the ultrasonic processing tank.

The gas separating membrane module is of a simple structure for deaerating the traating solution with high accu-
facy, and can keep the dissolved oxygen content of the treating solution easily in the above range.

Since the reactive treating solution such as the aqueous solution of acid or alkali is employed in the method accord-
ing to the present invention, tha hollow fibrous gas separating membranes tend to be deteriorated during continucus
surface freatment. Preferably, the deaerating device should comprise a sealed tank for introducing the treating solution
therein, and an evacuating device for evacuating the sealed tank. When the treating solution is introduced into the
sealed tank which is evacuated by the evacuating device, the gas disscived in the treating solution is discharged into
the space in the sealed tank, causing the treating solution to be deaerated. Since the deaerating devica composed of
the sealed tank and the evacuating device has no gas separating membranaes, the deaerating devica is resistant ta acid
and alkali, and can deaerata the treating solution sufficiently accurately to the abave range.

The above and ather objects, features, and advantages of the present invention will become apparant from the fol-
lowing description when taken in conjunctian with the acgompanying drawings which illustrate a preferred embodiment
of the present invention by way of exampla. '
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view of an apparatus for carrying out a method of surface-treating a wark-
piece according ta the present invention; and
FIG, 2 is a schematic cross-sactional view of another apparatus for carrying out the method of surface-treating a
worlqiece according to the prasant invention.

As shown in FIG. 1. a surface treating apparatus 1 for carrying out a method of surface-treating a wortpiece
according o the present invention has an uitrasonic processing tank 3 combined with an ultrasonic vibrator 2 mounted
on the bottom of the ultrasonic procassing tank 3. The ultrasonic processing tank 3 is supplied with an acid or alkaline
aquecus solution (treating solution) 4. Worlgieces 6 held in a cleaning basket 5 are immersed in the treating solution
4. The ultrasonic vibrator 2 radiates ultrasonic energy into the treating solution 4 to cause foreign matter contained in
surface layers of the worlpieces 6 to react with and be dissoived in the treating solution 4 so that the foreign matter will
be removed from the workpieces 6. To the ultrasonic processing tank 3, there is connected a discharge conduit 7 for
discharging the treating solution 4 from the ultrasonic processing tank 3, the discharge conduit 7 being connected to a
pump 8 for drawing the treating solution 4 from the ultrasonic processing tank 3. A deaerating device or deaerator 9 is
also connected to the discharge conduit 7 downstream of the pump 8 for deaerating the treating solution 4 discharged
from the ultrasonic procassing tank 3. The treating solution 4 that has baén deaerated by the deaerating device 9 is sup-
plied back to the ultrasanic processing tank 3 through a supply conduit 10 that interconnects the deaerating device 9
and the ultrasonic processing tank 3. )
~ The deaerating device 9 comprises a gas separating membrane module 11 Having a plurality of hailow fibrous gas
separating membranes for passing the treating solution 4 therethrough, and a vacuum pump 12 for evacuating the gas
separating membrane module 11 to develop a pressure difference across the hollow fibrous gas separating mem-
branes.

A surface treating pracess carried out by the surface treating apparatus 1 shown in FIG. 1 will be described below.

Inventive Example 1

An aqueous solution of 0.1 weight % of diluted nitric acid was supplied as the treating solution 4 to the ultrasonic

pracessing tank 3, and carbide tips of an alloy of tungsten and cobalt were immersed as the workpieces § in the treating
. solution 4 for surface treatment.

Each of the carbide tips 6 was manufactured by sintering tungsten and cobalt powders mixed with a binder, and
was of a lozenge shape having a thickness of 3 mm, a width of 15 mm, and a length of 15 mm. The carbide tips 6 carried
cobalt and binder particles that have not been sintered and are trapped in interstices of the alloy produced by the sin-
tering procass.

The treating solution 4 was supplied through the discharge conduit 7 to the deaerating device 9 by the pump 8 at
a rate of 100 liters per hour. The treating solution 4 deaerated by the deaerating device 9 was supplied back to the uitra-
sonic procassing tank 3 through the supply conduit 10. The treating solution 4 in the ultrasonic processing tank 3 con-
tained 2 ppm of dissoived oxygen at all times. _

The carbide tips 6 wera held by the cleaning basket 5 and immersed in the treating solution 4 thus deaarated. The
ultrasonic vibrator 2 radiated ultrasonic anergy into the treating solution 4 at a frequency of 28 kiHz with an output pawer
of 600 w at a density of 1 wicm?, While the ultrasonic energy was being radiated, the cleaning basket 5 was moved
upwardly and downwardly over an interval of 40 mm to allow the ultrasonic energy to act equally on the carbide tips 8.
The treating solution 4 was held at 35°C.

After the carbide tips 6 were ultrasonically surface-treated, the cleaning basket S was lifted out of the uitrasonic
processing tank 3. The carbide tips 6 in the cleaning basket § were vertically showered with pure water for 2 minutes,
and then dried with hot air at 80°C for 2 minutes. _

By being immersed in the treating solution 4 for 1 minute, the surfaces of the carbide tips 6 were uniformly etched
by the diluted nitric acid and the cobalt particles were completely removed. It was possible to use the gas separating
membrane module 11 in operation continuously for 800 hours.

Comparative Example 1

The same carbide tips 6 as those in Inventive Example 1 were surface-treated under the sama conditions as these
in Inventive Example 1 except that an aqueous solution of 1 weight % of diluted nitric acid was supplied as the treating
sclution 4 to the ultrasonic processing tank 3, the pump 8 was not operated, and the treating solution 4 was not deaer-
ated at alt by the deaerating device 9. The treating solution 4 in the uitrasanic processing tank 3 contained 6 ppm of
dissolved oxyger at all times.
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Comparative Example 2

The same carbide tips 6 as thosa in Inventive Example 1 were surface-treated under the same conditions as those
in Inventive Example 1 except that water was supplied as the treating solution 4 to the ultrasanic processing tank 3. As
a result, though the cartida tips 6 were immersed in the treating sclution 4 for 10 minutes, no etching whatsoever was
effacted on the carbide tips 6. Only foreign matter attached to the surfaces of the carbide tips 6 was removed by the
ultrasonic cleaning. Consequently, almost all cobalt particles in interstices of the alloy of the carbide tips 6 were not
removed.

inventive Example 2

An aquecus solution of 0.1 weight % of sodium hydroxide was supplied as the treating sclution 4 to the ultrasonic
processing tank 3, and base plates for accommodating hard disk drives (HDD) were immersed as the worl@ieces 6 in
the treating solution 4 for surface treatment. Each of the base plates 6 was precision die castings of an aluminum alloy,
had a box shape having a length of 128 mm, a width of 96 mm, and a depth of 15 mm, and had a wall thickness of 1.2
mm. The base plates 6 had a number of minute burrs on their surfaces. s

The basa plates 6 were surface-traated under the same conditions as those in Inventive Example 1 except that the
treating solution 4 in the ultrasonic processing tank 3 contained 1.5 ppm of dissoived oxygen and the base plates 8
housed in the cleaning basket 5 were immersed in the deaerated treating solution 4.

As a consequence, the surfacas of the base plates 6 were uniformly etched by the aqueous solution of sodium
hydroxide whila they were being immersed therein for 1 minute, with the result that all of the minute burrs were dissoived
into the aqueous solution and hence removed from the base plates 6. It was possible to use the gas separating mem- -
brane module 11 in cperation continugusly for 1200 hours.

Comparative Example 3

The same base plates 6 as those in Inventive Example 2 were surface-treated under the same conditions as those
in Inventive Example 1 axcept that an aqueocus solution of 1 weight % cf sodium hydroxide was supplied as the treating
solution 4 to the ultrasanic processing tank 3, the pump 8 was not operated, and the treating solution 4 was not deger-.
ated at all by the deaerating device 9. The treating solution 4 in the ultrasanic processing tank 3 contained 6 ppm of
dissolved oxygen at all times.

in order to etch the surfaces of the base plates 6, the base plates 6 had to be immersed in the treating solution 4
for 10 minutes. The surfaces of the bass plates 6 were partly eroded by the aqueaus solution of sodium hydroxide. The
ercsion appeared to be developed by the etching process that was partly excessively in progress due to the aqueous
soiution of sodium hydroxide. .

Comparative Example 4

PR

The same basa plates & as those in Inventive Example 2 were surface-treated under the same conditions as those
in Inventive Example 2 except that water was supplied as the treating solution 4 to the ultrasonic processing tank 3. As -
a rasuit, though the base plates 6 were immersed in the treating solution 4 for 10 minutes, no etching whatsoever was
effected on the base plates 6. Only the minute burrs on the surfaces of the base plates 6 wera partly removed by the

, ultrasonic cleaning.

A surface treating apparatus 21 for carrying out the method of surface-treating a worlkpiece according to the
present invention will ba described below with reference to FIG. 2.

The surface treating apparatus 21 shown in FiG. 2 has an ultrasanic processing tank 3 combined with an ultrasonic
vibrator 2 mounted on the bottom of the ultrascnic processing tank 3. The uitrasonic processing tank 3 is suppfied with
an acid or atkaline aqueous solution (ireating sclution) 4. Workpieces 6 held in a cleaning basket S ara immersed in the
treating solution 4. The uitrasonic vibrator 2 radistes ultrascnic anergy into the treating solution 4 to cause foreign mat- .
ter contained in surface layers of the workpieces 6 to raact with and be dissoived in th treating sclution 4 so that the
foreign matter will be removed from the workpieces 6. To the ultrasonic processing tank 3, thera is connected a dis-
charga conduit 7 for discharging the treating solution 4 from the ultrasonic processing tank 3, the discharge conduit 7
being connected to a discharga pump 22 for drawing the treating solution 4 from the ultrasonic processing tank 3. A
deaerating device 23 is also connacted through a sclencid-operated vaive 24 to the discharge conduit 7 downstream of
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tha discharge pump 22 lor deaerating the treating sclution 4 discharged from the Wil 0cs
treating salution 4 that has baen deaaerated by the deaerating device 23 is supplied back to me ultrasomc ptocessmg
tank 3 through a supply conduit 10 that intercannects tha deaeraling device 23 and the ultrasonic pracessing tank 3.
Tha supply conduit 10 is connected to a supply pump 25 which is coupled to the deaarating devica 23 through a sola-

noid-cperated valva 26.

The deaerating dewce 23 comprises a sealed tank 27 for mtroducmg the traating solution 4 therain, and a vacuum
pump 28 for evacuating the sealed tank 27. Tha sealed tank 27 is associated with a level sensor 29 for detecting the
level of the treating solution 4 introduced in the sealed tank 27. The level sensor 29 is electrically connected to the sole-
noid-cperated valves 24, 26.

When the level of the treating sclution 4 in the sealed tank 27 raaches a lower level as detected by the leve! sensor
29, the solencid-operated valva 24 is epened and the solenoid-operated valve 26 is closed to introduce the treating
solution 4 into the sealed tank 27 that has been evacuated by the vacuum pump 28. Ugon introduction into the evacu-
ated sealed tank 27, the gas dissolved in the treating solution 4 is discharged into the space in the sealed tank 27, so
that the treating solution 4 is deaerated. When the leve! of the treating solution 4 in the sealed tank 27 reaches an upper
level as detected by the level senscr 29, the solencid-operated vaive 24 is closed and the solencid-operated valve 26
is opaned to enable the supply pump 25 1o discharge the treating salution 4 from the sealed tank 27. The discharged
treating solution 4 is supplied through the supply conduit 10 back to the ultrasonic processing tank 3.

A surfaca treating process carried out by the surface treating apparatiis 21 shown in FIG. 2 will be described below.

Inventive Example 3

An aqueous solution of 10 weight % of diluted nitric acid was supplied as the treating sclution 4 to the uitrasonic
processing tank 3, and the same carhide tips as those in Inventive Example 1 were immersed as the workpieces 6 in
the treating solution 4 for surfaca treatmant.

The treating solution 4 was intermittently supplied through the discharge conduit 7 to the deaerating device 10 by
the discharge pump 22, and the deaerated treating solution 4 was intermittently supplied through the supply conduit 10

* to the ultrasonic pracassing tank 3 by the supply pump 25. As a result, the traating solution 4 in the ultrasonic process-
ing tank 3 contained 2 ppm of dissolved oxygen at al times.

The carbide tips 6 wera held by the cleaning basket 5 and immersed in the treating solution 4 thus deaerafed. The
ultrasonic vibrator 2 radiated uitrasonic energy into the treating solution 4 at a frequency of 28 kHz with an output power
of 600 w at a density of 1 wicm?. While the ultrascnic energy was being radiated, the cleaning basket 5 was moved
upwardly and downwardiy over an interval of 40 mm to affow the uitrasonic energy to act equatly on the carhide tips 6.
The treating sclution 4 was held at 35°C.

After the carbide tips 6 were ultrasonically surface-treated, the cleaning basket § was lifted out of the ultrasonic
processing tank 3. The carbida tips 6 in the cleaning basket § wera rinsed with an upward and downward shower of
pure water for 2 minutes, and then dried with hot air at 80°C for 2 minutes.

By being immaersed in the treating solution 4 for 30 seconds, the surfaces of the carbide tips 6 were uniformly
etched by the diluted nitric acid and the cobalt particles were completely removed. The above immersion time of 30 sec-
onds was selected to refiably etch the surfaces of the carbide tips 6. Actually, the uniform etching of the surfacas of the
carbide tips 6 was completed within a shorter immersion ime. The deaerating device 23 was sg resistant to the diluted
nitric acid that it sutfered no trouble after being continuously used in operation for 600 hours.

laventive Example 4

The same base piates 6 as thosa in Inventive Example 2 were surface-treated under the same conditions as those
in Inventive Example 3 axcept that an aqueocus sclution of 10 weight % of sodium hydroxide was supplied as the treat-
ing solution 4 to the ultrasonic processing tank 3, the treating solution 4 in the ultrasonic pracessing tank 3 contained
1.5 ppm of dissolved oxygen at ail times, and the base plates 6 housed in the cleaning basket 5§ were immersed in the
deaerated treating solution 4.

As 3 consequence, the surfaces of the base plates 6 were uniformly etched by the aqueous sclution of sodium
hydroxide while thay were being immersed tharein for 30 saconds, with the resuit that all of the minute burrs wera dis-
solved into the aquecus solution and hence remaved from the base plates 6. The above immersion time of 30 saconds
was selacted lo refiably etch tha surfaces of tha basa plates 8. Actually, the uniform’ etching of the surfaces of the basa
plates 6 was completed within a shortar immaersion time. The deaerating device 23 was sa resistant to the diluted nitric
acid that it suffered no trouble after being continuausly used in operation for 1200 hours.
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Tha results of the above examples ara given in the following table:

Table
Workpieces | Trealing solution | Dissolved Treating Result | Continuous
oxygen time (min} operation
(pom) time (hr)
LE. 1 | Carbide tips { 0. 1wt%-RNQO4 2 1 AA 600
LE.3 | Dito T0wt%%-HNO, 2 <0.5 AA > 600
C.E. 1| Ditto 1wi%-HNO; ] 10 B8 -
C.E. 2| Oitto Water 2 10 cc -
LE.2 | Baseplates | 0.1wt%-NaOH 1.5 1 AA 1200
LE 4 | Ditto 10wt%%-NaOH 1.5 <05 AA > 1200
C.E. 3| Ditto 1wit%-NaOH 6 10 B8 -
C.E. 4] Ditto Water 1.5 10 cc -
l. E.: Inventive Example
C. E.: Comparative Example
AA: Uniformly etched
BB: Partly excassively atched
CC: Not etched

It can be seen from Table above that the surface treating method according to the present invention is capable of
effecting reaction mare uniformiy between the worlpiecaes and the treating solution in a shorter period of time with a
treating solution of a lower concentration than the surface treating processes in which the reactive treating solution is,
not deaerated. It is also clear that when water was used as the treating solution instead of the reactive solution, even if
it was deaerated in the same manner-as the reactive solution, the workpiecas were only ultrasorically cleaned as no
reaction takes place betwaen the woripieces and the treating sclution, resulting i in insufficient surface treatment of the
worlpieces.

When the deaerating device composed of the sealed tank and the vacuum pump (/nventive Examples 3 and 4) is
used, it is possible to use a Ireating sofution of a higher concentration, shorten the treating time, and surface-treat the
workpieces continuously for a longer period of time than when the deaerating device composed of the gas separaﬂng
membrana module and the vacuum pump {Imentive Examples 1 and 2) is used.

Althrough a certain preferred embodiment of the present invention has been shown and described in detall, it should
be understood that varicus changes and modifications may be made therein without departing from the scope of the
appended claims.
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Claims

1. A method of surface-treating a woripieca, comprising the steps of:

immersing a workpieca (6) in an aqueous reactive treating solution (4) supplied o an ultrasoric procassing
tank (3), said treating solution (4) comprising at least one of an acid and an alkali, and wherein said ultrasonic
processing tank (3) inciudes an ultrasonic vibrator (2) mounted on a battom wall thereof:

moving said workpieca (6) vertically upward and downward through said solution (4) in said ultrasonic process-
ing tank (3);

radiating uitrasonic energy from the ultrasonic vibrator (2) into said treating solution (4) to cause foreign matter
in a surfaca layer of the workpiece (6) to react with and dissolve in said treating solution (4) so as to remave
the foreign matter from the workpiece (8);

deaerating said treating solution with a deaerating devica () by removing gas dissolved in the treating soluuon
{4) until said treating solution has a dissalved oxygen content of 0.01 to S ppm: and

supplying the treating solution (6) deaerated by the deaerating devica (9) back to sard u!trammc processing
tank (3).

2. Amethed as claimed in claim 1, comgrising:

discharging the treating solution from said ultrasonic procassing tank with a discharging device, said deaerat-
ing device being positioned downstream of said discharging device: and

supplying the treating sclution deaerated by the deaerating dewce back to said ultrasonic pracessing tank with
a supplying devica to circulata the treating sclution.

A method as c!aimed in any onae of me preceding claims wherein said reactive freating solution is deaerated until it
has a dissolved oxygen content of 0.1 fo S ppm.

A method as claimed in any one of the preceding ciaims, wherein said reactiva treating solution is an aquegus solu-
tion of nitric acid.

A method as claimed in any one of claims 1 t0 3, wherein said reactive treating solution is an aqueous solution of
sodium hydroxide.

A method as claimed in any gnie of the preceding claims, wherein said deaerating device comprises a gas separat-
ing membrane module having a pitrality of hollow fibrous gas separating membranes for passing said treating solu-
tion therethrough, and an evacuating device for evacuating said gas separating membrane module to develop a
prassure differenca across said hotfow fhrous gas separating membranes.

A method as claimed in any one of claims 1 to 5, wherein said deaerating device comprises a sealed tank for intro-
ducing said treating soiution therein and an evacuating devica lor evacuating said sealed tank.

D) 0O
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ABSTRACT

Workpieces such as carbide tips housed in a clean-
ing basket are immersed in a reactive treating solution ?n an
ultrasonic processing tank with an ultrasdnic vibrator
mounted on a bottom thereof. The ultrasonic vibrator radi-
ates ultrasonic eneréy‘into the treating solution to cause
foreign matter containing-in a surface layer of the workpiece
to react with and dissolved in the treating solution, so that
the foreign matter will be removed from the Qorkpiece. The
treating solution is discharged from the ultrasonic process-
ing tank, deaerated by a deaerating device, and then supplied

back to the ultrasonic processing tank.

FIGURE 1.



