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Fig.2 Schematic diagram of experimental apparatus. Fig.3 An example of breakthrough and desorption

1. Rotameter, 2. Vapor generator, 3. Three way
cock, 4. Respirator cartridge, 5. Sampling port,
6. Ribbon heater, 7. Temperature controller,

8. Auto gas sample selector, 9. Auto gas
sampler, 10. FID-gas chromatograph,

11. Humidifier, 12. Humidity control valve,

13. Thermohygrometer

curves.
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Fig.5 Effect of relative humidity of desorption
airon breakthrough curves. Adsorption air
humidity: 50%. Desorption air humidity:
(a) 20%, (b) 70%
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Study on Improvement of Strength Characteristics of Friction Welding Section
for Large Diameter Roll
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Synopsis:

FUIJICO has been producing the HSS (high-speed steel) work rolls with the combination of
CPC (Continuous Pouring process for Cladding) and friction welding technology since 2014.
These rolls had been widely used at the steel bar and wire rod rolling. Recently we have been
trying to produce work rolls for hot strip mill using the new CPC method and the improved
friction welding technology. The friction welding conditions for small diameter rolls caused
ductility reduction in large diameter rolls. As a result of investigation for the friction welding
part with different conditions, the aggregation of small inclusions caused ductility
deterioration. Therefore, suppression of friction welding temperature rising by using cooling
mechanism prevents aggregation of small inclusions, and ductility deterioration. In addition,
the heat treatment at high temperature homogenizes the microstructures and prevents ductility
deterioration in the friction welding position.
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Fig.1 Photo showing developed friction welding device

Fig.2 Photo showing friction welding situation (¢ 340)
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Fig.3 Schematic diagram showing sampling position for
tensile test

Tablel Tensile property of friction welding part

Sample
A B C
Result
Collection position
570 520 500
(¢ mm)
Elongation
32 10.0 14.6
(%)
0.2% proof stress
686 652 687
(MPa)
Tensile strength
790 832 898
(MPa)
20 750
5
15 700
U . =}
< 2
= =
2 10 » 650 3
s S
e S
=) =
2 a.
ko5 600 X
¢ Elongation * g
M0.2% proof stress
0 550
490 540 590

Sampling position( ¢ mm)

Fig4 Relations between tensile property and sampling
position
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Fig.5 Photos showing fracture surface (a) sample A,
(b) sample C
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friction welding part
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Fig.10 Sampling position of test piece

Table2 Quality and strength of friction welding part with

cooling
Sample
P D E F
Result
Collection position
620 560 500
(¢ mm)
Elongation
12.2 13.0 12.6
(%0)
0.2% proof stress
675 683 687
(MPa)
Tensile strength
873 881 882
(MPa)
20 750
=
15 700 &
—_ [ ] ] <
S * v 2
=1 2
g 10 650 =
5 2
= =
S a
= 5 600 o
H ¢ Elongation %
W0.2% proof stress <
0 550
490 540 590 640

Sampling position( ¢ mm)
Fig.11 Relationship between tensile property and

sampling position

Photo showing fracture surface of sample D

Fig.12
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Fig.13 Observation result of 3 dimensional laser
microscope (a) ductile fractured part and (b) cut
surface
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Fig.14 Sampling position of test piece

Table3 Quality and strength of friction welding part

Sample
G H I J K L
Result
Heat treatment
Conventional Developed
temperature
Collection position
500 | 470 | 440 | 500 | 470 | 440
(¢ mm)
Elongation
6.0 9.8 116 | 116 | 124 | 120
(o)
0.2% proof stress
599 | 601 596 | 622 | 618 624
(MPa)
Tensile strength
767 | 760 | 758 801 775 785
(MPa)

# Elongation (Conventional) B Elongation (Developed)

4A0.2% proof stress (Conventional) X 0.2% proof stress (Developed)

20.0 750
s
150 700 §
S s
g 9 . ] é
Z 100 - 650 2
en o
g g
° X X X o
m * X
5.0 x A & 600 &
(=}

0.0 550

420 440 460 480 500 520
Sampling position( @ mm)

Fig.15 Relations between tensile property and sampling
position on heat treatment temperature



Fig.16 Microstructures of friction welded portion (a)
normal temperature and (b) high temperature

Fig.17 Photo showing friction welding of work roll for
hot strip mill
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New Development of Two-Step Reaction Sintering Method
Enabling Widely Expanded Applications for SiC Ceramics
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Synopsis:

Silicon Carbide (SiC) has the good characteristics such as low density, superior abrasion
resistance, high thermal shock resistance and high corrosion resistance. Therefore, SiC ceramics
are expected to be applied widely to increase the durability of various structural facilities,
which are used in the severe environment of high temperature and high abrasion hereafter. In
order to achieve the purpose, new type two-step reaction sintering method is developed in this
study. Various SiC parts can be bonded by this new sintering method and these SiC ceramics
products with high electrical conductivity can be precise machined by electric discharge
machine (EDM). The developed method can solve the machining problems of products by
conventional procedure method so that SiC ceramics applications can expand widely. And low
preservation costs will be realized in the future.
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Fig.1 Process of new two-step reaction sintering method to product

SiC ceramics
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Fig.2  Slurry of bonding agent
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Fig.3 Schematic figure showing bonding process and micro-

structures of bonding
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Fig.4 Illustration showing bonding process
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Fig.5 Micrographics showing cross-sectional microstructures

of bonding interface

B O Wi ALAk 2 o3, B A g
FRIRIC R 2 D DA TH

Fig.5 (285
10mm (Zxf LT,

37

%o BEMICEE N2 BWREETEATETW
5z &ﬂﬁmfgtoﬁ%ﬁﬁﬁ%k$¢&®%
FERFOBFEZL OB N TE R AR RBAL W 3 &
AN, KMXIZEAER N 2o T2, i
BE L TRALYA X 1~3um &720, HELL
TWEME VUL RER TE -, 72720, #8%
BERDIEIT 140um FEETH D Z &0 méhto
ZHIEAZ Y —OBMEICHEIND Z ERbh
STW5D, Fiz, BEAEMEDOAREOM L
TIREAD SiC ki HD DEEN/NESL Teotz, &
%, BARESAEOHIBIAI OB B I KV SIC Rk
EORBASLETH D,

2. 3 BB TR OFEL

SiC 7 v 7 AIEMETH LD, SRINT
DX LYHINTIFEEL <, A4 YvE FMiRAZH
WEAFEIIN TN & 2 HiE Losshis & ieo 7z, i
BN TIEREICE R Y 03 < | RICHFET D5
DU INTARBRROER 2 E . BNOFR L 7255
BNRbD, I T, AFETIE, SiIC ET7Iv 7 R
W L CREM T X BB EPm T TE 5

INTHEE T o7, HIEEE LTI E L
1oum LA & L7,

Fig.6 | TR A7~ d, i L7 —7
MBI X > THFIZ T — 27 AN L CER O
ZEY BZHMTHETH S Y, 1 BB 10 HREO
MEAFAESE, FHUT L > TELLLHOKER
DBRFEIC L > T2 d, Z< KRz < i
0 EDT-OFTEDIKRIZZ 5 F TOMLRRITE
72 B0, —YIHIO X S lzm A &2 BT CTHIS
FELIZRR D | U—2 ~DEEN D73  EEVED
MEFCHIUL, WL 5T /2L AHETH
%o &Ci#%%kbf%ﬂméﬂéij iz, &R
FETIHRVPNEEMRTIS D, AENTERA)EIC Fe
Wy EMZD Z & CEEEASEL, W%MI@%
M EESEDZ LIk LTz, ZHUC K VSt B
TN RIEIC 2 o 72,

Fig.6 3-axis CNC electric discharge machining center
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Fig.7 3-axis CNC high-precision machining center
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Fig.8 Optimums conditions of electric discharge machining to

decrease surface roughness
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Table 1 Conditions for electric discharge machining test

Work Peak Jump

Direction | Depth | SUTent | Distance | Interval | Speed

Z-axis 3.0mm 17A 6.0mm 0.5s 1.5m/min

1800 -
m Electrode (+)

1500 1 m Electrode (-) 1371
1200 -
900 -

600 1

Machining time (min)

300

Gr(A) Gi(B)

Gr(C) Cu-Gr
Fig.10 Effect of electrode material on machining time of electric
discharge machining
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Fig.11 Effect of electrode material on surface roughness for EDM;
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Fig.12  Graph showing surface roughness after EDM with different

electrode materials
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Table2 Comparision of physical properties for WC-Co and SiC

WC-Co SiC
Bending strength (GPa) 1.7 0.3
Density (g/cm’) 15.7 3.1

Hardness (HV) 1,000 2,850
Thermal expansion coefficient (10°/K) 5.4 4.5
Thermal conductivity (W/m'K) 70 294
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Study on Production of Titanium Dioxide Slurry with Controlled Particle Size Distribution
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Synopsis:

We have confirmed that the dispersibility of titanium dioxide slurry affects the speed of
film forming in the previous report. It was also suggested that the particles with a particle
size of less than 500 nm hardly contributed to film formation on the FTO (Fluorine doped
Tin Oxide) glass. In this report, we have tried to control the particle size distribution of
titanium dioxide slurry by changing the surface potential of titanium dioxide particles.
Furthermore, by using the titanium dioxide slurry with a controlled particle size distribution,
a film formation test on FTO glass was conducted to evaluate the influence of titanium

dioxide slurry having different particle size distribution on film formability.
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Fig.1 Film forming mechanism of slurry spraying
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Development of High Active Photocatalyst
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Synopsis:

FUIJICO has developed various photocatalyst (TiO,) products, such as antibacterial tile and
air purifier, since we had established the deposition technology of photocatalyst by a
high-speed flame spraying method. TiO, coating by thermal spraying showed organic material
decomposition and sterilization effect. Therefore, it is expected application to the
development of the new photocatalyst related product. And we aimed for a performance
enhancement of the overall photocatalyst product by developing new high efficiency
photocatalyst materials.

In this study, the photocatalytic activity of new photocatalyst is evaluated by a flow type
method. As a result, we had succeeded in the development of a new type of photocatalyst,
therefore, the new developed photocatalyst had high activity in comparison with conventional
photocatalyst. The relationship between the properties and the photocatalytic activity of with
UV and visible light was also discussed for new photocatalyst powders.
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Table | Properties of TiO, sample catalysts

Catalyst TiO, type Surface Appearance
area(m’/g)

PC-A? Rutile 61 Pale yellow powder

PC-B? Rutile 41.8 Pale yellow powder

PC-C? Rutile 34.6 Pale yellow powder

PC-D” Anatase 90 White powder

PC-E? Rutile 41.8 Pale yellow powder
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a) Developed material, b) Conventional material of UV light, and
¢) Conventional material of visible light
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Fig. 4 Degradation of CH;CHO and production of CO, on
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through Computational Fluid Dynamics
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Synopsis:

In the previous reports, kinetic studies were carried out on the photocatalytic oxidation of
toluene in the gas phase over photocatalyst bound building material with a small 20L test chamber,
and computational fluid dynamics (CFD) simulations were also carried out on the same boundary
conditions that were used in the experiments. In this study, building materials in the form of
ceramic tiles with bound TiO, as photocatalyst were prepared with the thermal spraying technique
without using any binder and used as photocatalytic building materials. The kinetic equation for
toluene photo-oxidation over TiO, coated building material could be expressed by the
Langmuir-Hinshelwood type kinetics. The kinetic parameters for the surface reaction were first
determined by using experimental results and then optimized by using the corresponding CFD
simulations for considering non-uniformity distributions of toluene on photocatalyst bound
building materials. These kinetic parameters were identified as a function of the illumination
intensity. Also, a CFD based numerical simulation method integrated with a Langmuir
—Hinshelwood type model was applied to the analysis of toluene concentration distributions in a
real-scale room model. The reduction performance of toluene concentration in the PCO process
was parametrically analyzed as a function of the layout of the TiO, coated building materials.
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Fig. 1 Conceptual diagram of photocatalytic reaction
modeling in CFD
Table I Illuminance simulation

Algorithm | Radiosity method

Meshes 928 (32x29)

Pyrex glass (Transmittance : 100%)
SUS304 (Reflectance : 90%)
Target PCO material ( Reflectance :30%)

Material
Properties

Pyrex glass

Fluorescent lamps

v Transmittance: 100%

Test specimen

SUS304 Wall Reflectance: 30%

Reflectance: 90%

Fig. 2 Outline drawing of illuminance simulation
in Case 3
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Fig. 3 Result on the floor surface of illuminance
simulation in Case 3
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Geometry 3.50m(x) x 3.29 m(y) x 2.40m(z) N A AR LT,
Meshes 1,613,799 (tetra & prism) FRHTRE FUTAE R RO ML s DR G D
Turbulence Low Re type k-¢ model y =1.37 @ z-x ‘F-ifi:Plane (b), Y7V oV ERTOPEEE
Model (Abe-Kondoh-Nagano Model) LSS ATBEZ R x =1.75 @ y-z i1 :Plane (a) &% 'z =0.60
Scheme Convection term: QUICK x-y “F-ii:Plane (¢) 3 Wi TR 5 (Fig. 4 2MR), 7=,
Area: 9,=0.07 m NV DA BITTERIRATRED 260 pgm’® & 725
Inflow Un ave. = 1.07 m/s FORELT,
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Velosity: No slip OREERIERE TR, ESOBER~O Rk
Wall Treatment Contaminant concentration: 0C/0x = 0 ii}‘%t Pf:i’éﬁﬁﬁi@i‘ﬁ@%iﬁ@ﬂ%ﬂlfﬁ L TR 705
Contaminant Passive contaminant AELT9,
Table3  Concentration analysis results of basic case (Case 1~Case 3)
C, C, G C. C, C.
Case 3 3 3 3 3 3 nl-]
[mng/m’] [ng/m] [mg/m] [mg/m] [ng/m’] [mng/m’]
260 260 520 325 227 274 0.00
2 260 256 515 319 223 269 0.02
260 236 490 289 205 247 0.09
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Fig. 4 Outline of real scale model for CFD and display section of analysis result
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Fig. 5 Results of flow field analysis and results of analysis of dimensionless toluene concentration distribution in

each cross section (Case 1~Case 3)
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Table 4 Analysis results of surface illuminance
of building materials in each case [Ix]

Case Maximum Minimum Average
3 871 516 729
4 787 489 664
5 796 381 646
6 659 441 601

F 7 AR O E R A O LT R EE L
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(a) Case 3 (floor) (b) Case 4 (lower wall side) (c) Case 5 (upper wall side) (d) Case 6 (ceiling surface

Fig. 6 Installation of building materials for each case in parametric analysis

| i 0.5
D

[ ]
z
x=1.75 T_, ¥

>0.5

z=0.60 T_, .

205
D D
o L
05— 05—
. 0.5
L

(a)Case 3 (b) Case 4 (c)Case 5 (d) Case 6

Fig. 7 Results of analysis of dimensionless toluene concentration distribution in each cross section (Case 3~Case 6)

Table 5 Concentration analysis results of changing installation position of building materials (Case 3~Case 7)

Case © 3 Ca3 © 3 c 3 Ca 3 & 3 -]
[ng/m’] bgm’] | g’ | [mgm’] | [ngm’] [ng/m’]

3 260 236 490 289 205 247 0.09

4 260 244 501 307 209 255 0.06

5 260 245 503 308 208 256 0.06

6 260 246 503 308 205 256 0.05

7 260 230 480 281 190 235 0.12

Q N Illuminance
‘ Position
[Ix]
Floor 451

>0.5
Lower wall side 348

Ceiling surface] 229

. . x=1.75 cross section =137 cross section z=0.60 cross section
(a) Average illuminance on each wall surface (b) Dimensionless toluene concentration

Fig. 8 Analysis results of Case 7
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Actual Environmental Survey on Medical Field and Evaluation of Antibacterial
Performance for Photocatalyst (TiO;) Tile
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Kaori Takabatake Kiyoshi Yamamoto Eriko Fujii Tomohiko Higuchi
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BT DKM O EBEENA BTV WRERN G b, FERREIZEB T 28 % 1 Lo
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TTHY, ZZRFOEFENRI-NTND Z &R T,

Synopsis:

FUJICO has developed various photocatalyst (TiO,) products such as antibacterial building
materials and air purifiers, since we had established the deposition technology of
photocatalyst by using the high velocity oxygen fuel thermal spraying method. Photocatalyst
are known to have bactericidal effects, and photocatalyst products are expected to be utilized
by hospitals and nursing care facilities where many patients have decreased immunity. In this
study, we measured the number of bacteria on the surface of the floor in the chronic care
hospital for the purpose of evaluation the performance of photocatalyst tiles in the medical
field. As a result, we found that the number of bacteria on the surface of the floor in the place
with photocatalyst tiles was less than that in the place without photocatalyst tiles. The
antibacterial effect of the photocatalyst tile in the real environment was confirmed. In addition,
the number of airborne bacteria in the air at the hospital and the pollution degree (ATP) of the
floor surface were measured, and the environmental situation in the hospital was evaluated.
As a result, it was confirmed that the number of airborne bacteria in the hospital is less than
the reference value, and the cleanliness in the air is kept.
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l:l : With photocatalytic tile

[ = Withoutphotocatalytic tile

Nurse center

Fig.1

5Sth floor map showing photocatalyst tile area

Sampling area

Fig2  Picture showing sampling area in the corridor
Table 1 Types of agar medium for each kind of bacteria
Analysis object Types of agar medium
General bacteria Tryptic Soy Agar
E. coli XM-G Agar
S. aureus Mannitol salt Agar with Egg Yolk
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general bacteria
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Table2 Measurement results of general bacterial count of

3 times surveys

Survey Mean + SD [log;o(cfu/cm?)]
times Test Control P
Ist 0.23+0.58 0.6220.69 0.185
2nd 0.73%0.45 1.23%0.70 0.0288
3rd 021%0.29 0.24=+0.49 0.849
Avg. 0.4120.50 0.71£0.75 0.0355
: p=0.185 : [ p=0.0269
£ 1 %{ % 1
= 2= 0.73
023 I
0 ' [
Test Contorol Test Contorol
a) Ist times survey b) 2nd times survey
: [ p=0.849 : p=0.0355
Ef %é
I Z 041
0 ._0.21 | 0
Test Contorol Test Contorol
¢) 3rd times survey d) Average
Fig.3 Measurement results of general bacterial count of

3 times surveys
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Table 3 Detection results of £. coli of 3 times surveys

Survey Detectors / Samples

times Test Control
Ist 0/11 1/10
2nd 0/15 2/15
3rd 0/15 0/15
Total 0/41 3/40

Table 4 Measurement results of E. coli count of 3 times

surveys
Survey Mean + SD [loglo(cfu/cmz)]
times Test Control P
Ist N.D. 1.51 —
2nd N.D. 1.57£0.67 -
3rd N.D. N.D.
Avg. N.D. 1.55+0.48 —
3 . 3 .
R 2. |
M.D. ND.
0 0

Test Contorol Test Contorol

a) Ist times survey b) 2nd times survey

EE T2
i B ui 8
=X b=} &
£3 5
EER R
ND. ND ND
0 0
Test Contorol Test Contorol
¢) 3rd times survey d) Average

Fig4 Measurement results of E. coli count of 3 times
surveys
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Table 5 Detection results of S.aureus of 3 times surveys

Survey Detectors / Samples

times Test Control
Ist 5/11 5/10
2nd 5/15 10/15
3rd 8/15 4/15
Total 18/41 19/40

Table 6 Measurement results of S.aureus count of 3 times

surveys
Survey Mean + SD [loglo(cfu/cmz)]
times Test Control P
Ist 0.02£0.30 -0.34+0.32 —
2nd -0.18+0.48 0.04+£0.27 —
3rd -0.360.35 0.02£0.80 —
Avg. -0.20%+0.39 -0.060.44 -
1 1 |
g I
1 Test  Contorol o " Test  Contorol
a) st times survey b) 2nd times survey
1 1
g -0.36 ; =
l
! Test  Contorol ! Test  Contorol

¢) 3rd times survey

d) Average

Fig.5 Measurement results of S.aureus count of 3 times

surveys
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Table 7 Types of agar medium for each kind of bacteria

Analysis object Types of agar medium
General bacteria Tryptic Soy Agar
Chloramphenicol added
Fungus
Potato Dextrose Agar
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Table 8 Measurement results of general bacterial count

and fingus count
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Table 9 Measurement results of ATP value

Measurement area Mean + SD [RLU/100cm’]
Hospital room 11041038
Corridor 461175
Toilet 416+ 143

Table 10 Measurement results of ATP value

Measurement area Mean £ Sl,) [loglo(cfu/m3)]
General bacteria Fungus
Hospital room 2.17£0.36 1.77£0.15
Corridor 2.09%0.32 1.74%0.24
Toilet 2.4210.07 1.69%0.10
217 25§
g2

Hosptalroom  Corridor Tedet Hogatalroom  Corrider Toilel

a) General bacteria b) Fungus
Fig.6  Measurement results of general bacterial count and

fungus count

Measurement area Mean + SD [RLU/100cm’]
Under sink 2288+ 815
Others 819840
3500
3000
EP 210
;_ 2000
EE 1500
; 100 ——
W - .. | - E - i 3
b Ilc:p.l:lrocm Corridar Taild
Fig.7 Measurement results of ATP value

300

_ 300
S 200 -

1500 l

-

[RLTT S 100

ATP value

Under ek Cabere

Fig.8 Measurement results of ATP value
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