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Optimization of the Air Purifier Inserted
Ti0s Coated Filter (Part 1)

Performance Test and Development of Estimation Technique of

TiOs Coated Filters on the Market

Toshio KONO Shoji NODU Toshikazu SEKITA
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Technical Consulting about Metal Surface Treatment (Part5)

Characteristic of Non Electrolysis Ni Plating

Kotaro TAKEUCHI
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Table Bath compostion and operating conditions for

plating
Ni-Mo-P Ni-W-P
NiSO4 7g/L
Sodium Citrate 50~70g /L 40~73g /L
NaPH»0- 20g /L 8g/L
Glycolic Acid 15.3¢/L —
NasMoOy 0.4~0.6g/L —
NasWoy — 33g/L
pH 9.0 5.5~9.0
Bath temperatre 90C

Bath pH5.5-9.0 adjusted with NaOH and H2SO4
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Fig. 1 X-ray diffraction patterns of plating
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As plating

Ni-W10.6-P

Ni-Mo3.8-P

Ni-Mob5.6-P

| I—
5um

Fig. 2 SPM images of plating
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As heat treatment at 400°C

Ni-W5.6-P

Ni-W10.6-P

Ni-Mo3.8-P

Ni-Mo5.6-P
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Application of Ash of Activated Sludge to Mixing in Concrete

Toshio KONO Takashi YAMANAKA Toshikazu SEKITA
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(-9
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Ca0 5.14 Cr 167 mg/kg ‘g
o
SiO; 49.23 Cu 844 mg/kg E
Al,03 13.11 Se NI 0.20mg/kg
P20s5 12.34 As 0.8 mg/kg
SO3 1.12 Pb 22 mg/kg
Feo03 9.01 Cd 3.2 mg/kg
TiO, 0.16 He 0.014 mg/kg oW 15 2 35 M 35 4 45 50
Total  99.97 wtl] 208, deg
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T he properties and isolation of a myosin heavy chain degradation

inhibitor in the sarcoplasmic protein of fish meat

Akira Nomum*l, Yoshiaki Itoh*z, Koichi Yahata*z*?’,
Nariyuk: Taniwaki*? and Atsushi Obatake™>

A myosin heavy chain degradation inhibitorld MDIO prepared from the sarcoplasmic protein of a particu-

lar fish meat inhibited the serine proteasel trypsin, chymotrypsin[] activity. The degradation of myosin

heavy chain in the washed meat around 40C was also restrained by adding serine protease inhibitors. It is

therefore conceivable that MDI is water soluble and acts as an inhibitor against serine protease in washed

meat.

MDI was isolated from the water soluble fraction of fish meat through a 4 -step process, batch type

DEAE ion exchange, ammonium sulfate fractionation, DEAE ionexchange chromatography, and Sephacryl

S-300 gel filtration chromatography. It was found to be a monomeric protein with a molecular weight of

80,000.
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Table 1. Protease inhibitors and their amounts used
in the experiment

Amount
Type of protease
inhibitors Hper g of
Washed meat[]

Serine STI 400 g
PMSF 200 pg

Serine and cysteine AP 400 peg
LP 400 g

Cysteine NEM 2.5mg

E64 7.0mg

Metal EDTA 1.8mg

STI, Soybean trypsin inhibitor ; PMSF, Phenylmethylsulfonyl
fluoride ; AP, Antipain ; LP, Leupeptin ; NEM, N- ethyl-
maleimide ; E64, L- trans- epoxysuccinyl- leucylamido-J 4-
guanidino butaned; EDTA, ai- Sodium dihydrogen ethylene-
diamino tetraacetate dihydrate
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Fig. 1. SDS-PAGE patterns of the heated gels prepared in the presence of barious types of protease inhibitors.
Heated gels were prepared by grinding the washed meat of Type IV fish with 3 % NaCl and protease in-
hibitor detailed in Table 1, followed by heating at 40°C for 2 h. SDS-PAGE was carried out by the proce-

dures as shown in the previous paper.'”

Type IV fish, Redbanded searobinl] KanadoO Lepidotrigla guentheri; Hilgendorf saucordd] Yumekasagol
Helicolenus hilgendorfi; Blackthroat seaperchl] Akamutsull Doederleinia berycoides. The name inJ [

represents the Japanese common name.

Hc. myosin heavy chain ; A, actin ; D, Control, no additives ;0 unheated meat pastel} 2, Controld heated
geld @), STI; @, PMSF ; ®, ethanol ; ®, AP ; @, LP ; ®, E-64; @, NEM ; 10, EDTA
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Table 2. Inhibitory activities of MDI prepared from Various fish meats against serine and cysteine proteases

0 unit/mg protein[]

Fish species

Serine proteases Cysteine proteases

Trypsin Chymotrypsin Papain

Princes small porgyl] Himekodaill 2.19 4.41 0
Chelidoperca hirundiancea

Redbanded searobin] KanadoO 3.23 3.97 0
Lepidotrigla guentheri

Hilgendorf saucordd Yumekasagol 2.19 0.69 0
Helicolenus hilgendorfi

Blackthroat seaperchl] Akamutsull 6.64 4.21 0

Doederleinia berycoides

As a MDI sample, the fractions G which was prepared according to the procedures as shown in previous paper.

20

The inhibitory activities of MDI against trypsin and chymotrypsin, and against papain were measured by the methods of

Travis ef al."*Pand by that of Arnon et al.to respectively.

Units of trypsin or chymotrypsin inhibited by one mg MDIJ the fraction GO
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Fig. 2. DEAE-Toyopearl 650S ion exchange chroma-
tography of crude MDI solution. Crude MDI
was prepared by the procedure shown in the
previous paper.?”
5ml of 50-70% saturation solution with ammo-
nium sulfate about 2.4mg protein/mid was
applied to the DEAE-Toyopearl 650 S column
0 ¢ 2.6 X 40cm0 equilibrated with 20 mM Tris-
HCI containing TmM EDTAOPpH7.00. The
flow rate was 2.0ml/min and 20ml of each
fraction was collected in a tube.

® , Absorbance at 280nm ; ------, NaCl con-
centration
0.2 e ——
: v
o) |
o1
" . '
o i |+
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20 a0 BO

Fr.l.n:-h-:ﬂ Mo, I:I.Eml.-"tuhe'l

Fig. 3. Sephacryl S-300 gel filtration chromatography
of MDI fraction obtained by DEAE-ion ex-
change chromatography.

20 ml of the fraction No.36 obtained by DEAE-
ion exchange chromatography was concen-
trated to one-tenth and 1.5ml of the solution
was applied to a Sephacryl S-300 columnd ¢
1.3 X 70cm0O equilibrated with 0.1 M sodium
chloride- 1 mM EDTA-10 mM sodium phos-
phate bufferd pH 6.80

The flow rate was 0.4ml/min and 1.5ml of
each fraction was collected in a tube.

Vy, void volume ; V,, total volume
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Fig. 4. SDS-PAGE patterns of MDI fraction obtained
by Sephacryl S300 gel filtration chromatogra-
phy.

The fractions of No.47-52 by Sephacryl S300
were put together, packed in dialytic tube
and dehydrated in polyethylene glycol
O #20,0000 powder. After the dehydrate was
solubilized with 2 % SDS solution, it was ap-
plied to SDS-PAGE analysis using 50

polyacrylamide based on the Weber and

Osborn method.'”

Left side was standard proteins solution mix-
ed with MDI. 94K, phosphorylase ; 67K,
bovine serum albumin ; 43K, ovalbumin ; 30
K, carbonic anhydrase ; 20K, soybean trypsin
inhibitor ; 14 K, «-lactoalbumin
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Table.3. Purification of MDI from Blackthroat seaperch muscle

Step Total protein Total activity Recovery Specific activity Purification
0 mgO 0 unitsO ooo O unitsO 0 foldO
Eo*! 2832 3738 100 1.32 1
0 NH43:SO4
0 50-70% saturation*> 98.1 340 9.1 3.47 2.6
DEAE-ion exchange™® 4.77 80.6 2.2 16.9 12.8
Gel filtration™" — - — 39.8 30.2

%1 ,%2 . Eoand 50-70% saturation fraction were prepared from the procedures as shown in the previous paper.zD
%3 . The fraction No.35, 36 and 37 obtained by the procedures described in Fig. 3 .
*4 : The fraction was obtained by the procedures described in Fig. 4 .
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Fig. 3 System map and oversea Experiment
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Study on Development of A New Acidic Gas Fixative Made

from Lime Compounds (Part 1)

Preparation of Acidic Gas Fixatives
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The sharing of digital engineering data and the use technique

The automatic generation of the part design data and the manufacture data which is

based on the measurement result
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Mirror—Surface Finishing of CVD Diamond Film by
ELID Grinding

Kazuhito NISHIMURA*E Weimin LIN **" and Hitoshi OHMORI **"

Abstract

CVD diamond is a promising new industrial material with potential applications in electronics, optics,

and other fields. One such application is in high frequencyld short wavelength(optical components. Use in

optical components requires processing the diamond surface to an atomic order finish with nanometer preci-

sion. ELID grinding using a cast iron bonded diamond wheel with a high grit concentration was tested as a

means of polishing a CVD diamond thin film to a sufficiently high precision. ELID grinding was shown to

achieve a ductile mode yielding a high quality, subnanometer-order mirror finish. We expect to use this

method to prepare an X-ray mirror using a CVD diamond thin film.

Key words : CVD diamond, ELIDO Electrolytic In-process Dressing[] X-ray mirror,

cast iron bonded diamond wheel, mirror finish grinding

1 O Introduction

Diamond is used in many different fields because of
its many outstanding propertiesm. Advances in gas-
phase synthesis techniques have made it possible, us-
ing chemical vapor depositionl] CVDOmethods, to form
high-quality diamond films covering large surface
areas and on 3D objectsZ’m. A promising new indust-
rial material, CVD diamond has applications in mecha-
nical parts, optical elements, and electronic
components‘r”m. The authors have previously reported
results from their studies of CVD diamond in
wear-resistant parts and optical elements®”

A demand is also beginning to appear for reflecting
mirrors for use with short-wavelength X-ray optics.
Optical components for use in the X-ray band require
aspherical surfaces shaped with nanometer precision
and surface roughness on the angstrom order’® X-ray
optics are also exposed to high-energy light, and must

therefore be processed with a technique that will not

oog3d
* [0 Kochi Prefectural Industrial Technology Center
3992-3 Nunoshida Kochi-City, Kochi 781-5101
Japan
%) %[0 The Institute of Physical and Chemical Reserach
O RIKENO 1-7-13 Kaga Itabashi-ku, Tokyo
173-0003 Japan

leave a degenerated surface layer. Ductile mode
grindinglOD is expected to achieve this.

In this paper, the authors consider the effectiveness
of electrolytic in—process dressing] ELID grinding[us-
ing a cast iron bonded diamond wheel with excellent

abrasive retention on CVD diamond processing.

2 0 Methods

CVD diamond was polished by ELID grinding, and
the surfaces of the CVD diamond and wheel were then
examined using an electron probe microanalyser
O EPMAQO a scanning white light interference micro-
scope, and an atomic force microscopel] AFMU

An approximately 20 g#m thick CVD diamond thin
film was formed on a silicon nitride substrate using a
hot filament CVD method under the conditions shown
in Table 1. The surface roughness of the resulting di-
amond film was 10 to 20 microns. A test piece was

then prepared by grinding this diamond thin film to a

Table 1 Film deposition conditions

Source gas CH,+Hs
Methane concentration 0.5 volO
Pressure 8 kPa
Filament temperature 2400k
Substrate temperature 1200K




surface roughness of several nanometers using a resin
bonded diamond wheel. The cast iron bonded diamond
wheel was trued using a common grinding wheel, and
the trued wheel was then used for ELID grinding

under the conditions shown in Table 2.

Table 2 ELID dressing conditions

Grinding wheel SD325-100-M cast iron bonded

Wheel speed 3 and 14 m/sec
Grinding depth 5 p¢m
Feed rate 0, 2, 3, and 8 mm/sec

Polishing compound dry

3 0 Results and considerations

Figure 1 shows the diamond abrasive on an elec-
trolytically dressed cup wheel. Note that the strong
abrasive grain for metal bonding is destroyed by
truing the wheel, leaving the abrasive mounted with
sharp peaks.

Figure 2 shows the secondary electron imagel] SEI[J
and oxygen, iron, and carbon images, obtained from
EPMA observation of the cast iron bonded diamond
wheel surface. The area above the arrow in the middle
of the SEI shows the wheel area used for CVD di-
amond grinding. Note that the bonded surface is flat-
tened by CVD diamond grinding. The lower half of the

Fig. 1 Diamond abrasive after electrolytic dressing

picture shows the wheel surface after electrolytic dres-
sing. Also, note the pear-like appearance of the wheel
surface.

From the oxygen image we know that the surface of
the bond material is oxidized by electrolytic dressing,
and this oxidation layer is removed from the area used
for grinding. From the iron image we know that
strength is increased where the oxidation layer has
been removed in the upper part of the image[d The
carbon image shows the distribution of diamond abra-
sive. Note that the distribution is substantially uni-

form. Loss of abrasive is not apparent.

Fig. 2 Surface analysis of cast iron bonded diamond wheel



Fig. 3 Diamond abrasive after ELID grinding

Figure 3 shows the abrasive and bond on the wheel
after grinding. No loss of diamond abrasive was
observed for any of the processing conditions. How-
ever, the # 325 diamond abrasive with an average
grain diameter of 63 xm was worn flat by CVD di-
amond grinding, producing a trued surface free of face

runout.

1Bk lim =18, 088

Fig. 4 ELID ground CVD diamond surfaced 2 um
depth of cutd

Figure 4 is a SEI of the finished CVD diamond sur-
face after ELID grinding with an SD325-100-M cast
iron bonded diamond wheel turning at 850m/minute
with a 200mm/minute feed rate and 5 gm grinding
depth. The diamond thin film is efficiently ground as a
result of brittle failure. Grinding did not cause the di-
amond film to peel.

Figure 5 shows the results of grinding with the same
wheel and under the same grinding conditions but with
the test piece held at an angle. The depth of cut on the
angle ranged from 0 to 5 #m. Because diamond is hard
and brittle, reducing the depth of cut changes the be-

havior of the diamond as it is ground. The area shown
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Fig. 5 ELID ground CVD diamond surface 0.1 um
depth of cutd

in Fig. 5 is at an approximately 0.1 #m depth of cut.
The depth of cut increases from top to bottom in this
figure. The appearance of the ground surface changes
above and below a line running horizontally through
the middle of the figure 5. The lower part of the pic-
ture is a critical area in which there is a transition to
a ductile mode and a reduction in brittle failure, and
the upper part of the figure shows the ductile mode
transition area.

Research into processing hard and brittle materials
has generally focused on ductile mode processing in
which the depth of cut is controlled to a constant, sub-
micron level'® 'Y The depth of cut and the processing
rate [ feed rateld are factors controlling deformation
and failure mechanisms when processing hard and
brittle materials'®”. The cast iron bonded diamond
wheel is a type of diamond wheel with high rigidity.
The concentration of abrasive grain must be increased
to improve shape retention. ELID grinding is required
when using a cast iron bonded diamond wheel with
high rigidity and shape retention.

Figure 6 shows the CVD diamond surface after
grinding with a resin bonded diamond wheel. The sur-
face was ground using an SD325-75-B cup wheel
driven at 1000m/minute, and was then examined using
a scanning white light interference microscope. Note
the differences in elevation that may be attributed to
lines in the abrasive grains and crystal grain anis-

tropy. The surface was polished to 4.6 nmRa.



Fig. 6 CVD diamond surface ground with a resin bonded wheelO observed with a scanning white light interfer-

ence microscopel]
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Fig. 7 CVD diamond surface ground with a resin
bonded wheell observed with AFMO

Figure 7 shows the AFM observation of the same
CVD diamond film shown in Fig. 6. Note that the sur-
face was successfully polished to several nanometers,
though in an area only 5 xm square. Note that un-
ground spots are also observed.

Figure 8 and Fig. 9 show the CVD diamond surface
after grinding with the # 325 cast iron bonded di-
amond wheel. Figure 8 was obtained using a scanning

white light interference microscope, and Fig. 9 with

AFM; both images were obtained using the same test
piece. Note that lines from the abrasive grain are
transferred to the test piece, which was also polished
to a 0.4 nmRa surface roughness. Compared with the
surface shown in Fig. 7 obtained using a resin bonded
wheel with the same grain diameter, the cast iron
bonded diamond wheel with a high Young's modulus
and grain bonding strength yields a better polished
surface.

The diamond abrasive shows wear as a result of
CVD diamond film grinding. We believe that mirror
surface polishing is possible even using a coarse abra-
sive because the grain height is matched, resulting in a
flat grinding surface on the wheel.

Crystal orientation is a major factor in the mecha-
nical processing of diamond. Depending on the crystal
face, the grinding direction can produce significant dif-
ferences in wear and friction characteristics even, on
the same crystal face'™™ Some grinding methods active-
ly use these differences in the direction of crystal
grinding to process singlecrystal diamond'® %", The

grinding mechanism and the relationship between crys-



Fig. 8 CVD diamond surface polished with ELID grindingl] observed with a scanning white light interference

microscopel]

Fig. 9 CVD diamond surface polished with ELID
grinding] observed with AFMO

tal orientation and the precision of the finished mirror
surface?” in diamond processing using a resinbonded
wheel and diamond processing with free abrasive grain
on a steel Scaifel] or Skeifl] disk are beginning to be
understood.

CVD diamond forms a polycrystalline diamond film,
and the mechanism of grinding a CVD diamond film by
mechanical means is complicated by such factors as

the diamond synthesis conditions and crystal defects.

Research has conventionally focused on processing
natural single crystal diamond and high-pressure
synthetic diamond. It is therefore necessary to consid-
er the differences between grinding these and CVD di-
amond films, as well as the chemical reaction®on the
bonding material of the transition metal. It was,
however, possible to finish polycrystalline diamond us-
ing a cast iron bonded diamond wheel, to a 0.4nmRa

surface roughness while leaving uniform lines.

4 0 Conclusions

Using an SD325-100-M cast iron bonded diamond

wheel for ELID grinding of a CVD diamond film:

1 0 it was possidle to efficiently process the CVD di-
amond film in a brittle mode with a depth of cut
of several microns;

2 O a transition from brittle mode to ductile mode pro-
cessing was confirmed with a depth of cut of 0.1
p#m or less; and

3 O polycrystalline diamond was polished to a 0.4

nmRa surface roughness.
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