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Summary

1. Background and objective

We have seen, especially in automotive sectors, the advancement of
large—current devices using magnetic powder with high saturation magnetic
flux density for use in converters and inverters. The domestic market for
soft magnetic materials with high saturation magnetic flux density is
expected to reach 182.7 billion yen or 430,000 tons by 2025. However, the
manufacturing of powder (atomized powder) requires a large amount of energy
to melt iron. Therefore, in this demonstration, we manufacture pulverized
powder of soft magnetic alloys by recycling and reducing to powder unused
thin ribbons discarded from the manufacturing processes of motors and
distribution transformers that use soft magnetic alloy thin ribbons. The
objective here is to mold cores using the pulverized powder of soft magnetic
alloy thin ribbons for application to magnetic devices, and reduce
electricity consumption and carbon dioxide emissions when compared to the

atomized powder of soft magnetic alloys manufactured by metal melting.
2. Project overview

The pulverized powder of soft magnetic alloy thin ribbons involves less
carbon dioxide emissions since discarded thin ribbons are used in its
production; however, its magnetic characteristics are poorer than those
of conventional atomized powder because of stress strain from mechanical
pulverization. Therefore, as part of our efforts in FY2018 toward practical
application, we conducted method verifications for (i) pulverization, (ii)
nanocrystallization, and (iii) insulating film formation, as shown in
Figure S—1, concluding that we would be able to achieve the target
specifications. In FY2019, we enhanced productivity (yield and throughput)

in each process toward mass production.
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Figure S—1. Reduction of soft magnetic alloy thin ribbons to powder

3. Examination of methods to raise the yield of the pulverization process

In FY2018, we established a method to produce spherical powder with low
stress and low oxidation using a cyclone mill, but the problem with it was
the excessive loss on pulverization for mass production. Then, in FY2019,
we built a pulverizing machine capable of micro—pulverization at low stress
to explore the possibility of a higher yield.

We researched particle diameters and shapes used in magnetic devices and
mapped them to pulverized powder generated by pulverization with the
cyclone mill. We confirmed that spherical powder between 10 pym and 50 pum
and flat powder between 50 pum and 100 um could be applied to magnetic
devices, and decided to consider pulverized powder of 100 um or less as
having satisfactory quality. The research results will be described in
Section 7 “Examination of possible application of discarded material from
pulverization to other products.”

As a pulverizing machine capable of micro—pulverization at low stress,
we picked up a cyclone mill, which can generate powder with low strain from
stress during pulverization. Figure S—2 shows the composition of the
cyclone mill for mass production tests that has a higher yield and
throughput. First, we tried to raise the throughput by automating the
feeding of thin belts as the raw material and the collection of powder after
pulverization and increasing the pulverization capacity 10—fold. As a
result, we achieved a throughput of 3.5 kg/h, meeting the target
specification (2.1 kg/h or more).

x1
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Figure S—2. Composition of the cyclone mill for mass production tests

Next, we tried to increase the yield by adding a system to classify
non—conforming pulverized powder of 100 um or more with vibration screens
for further pulverization. We raised the yield by pulverizing a 50:50 mix
of thin ribbons and pulverized powder of 100 pm or more. Figure S—3 shows
the verified relationship between yield and pulverizing time for pulverized
powder of 100 pm or less. By using 10—minute pulverization, we achieved

a yvield of 64% meeting the target specification (64% or more).

70

65 i f 64% or higher

Yield (%)
M (S} (@3] (@)
o o (@3] (]
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0 10 20 30 40

Pulverizing time(minutes)

Figure S-3. Verified relationship between yield and pulverizing time for

pulverized powder of 100 pm or less
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4. Examination of method to scale up nanocrystallization

In FY2018, we established a method using a hot pressing machine for uniform
heating without thermal runaway in powder, but the problem was that its
throughput for mass production was too low. Therefore, in FY2019, we
installed a device for nanocrystalization that is capable of the uniform
heating of large quantities of powder and examined a method to scale up
the process.

As a device for nanocrystalization that is capable of the uniform heating
of large quantities of powder, we chose a hot pressing machine that can
absorb the heat of powder crystallization. Figure S—4 shows the composition
of the hot pressing machine for mass production tests that delivered a
higher throughput. We tried to raise the throughput by automating the
feeding of powder after pulverization, increasing the speed of the hot
pressing machine, installing a larger pressing plate, and examining a
method of collecting the powder. As a result, we achieved a throughput of
11. 8 kg/h, meeting the target specification (1.5 kg/h or more).

Feeding of Heat Collection
powder treatment of powder
Automation Higher speed, Method

larger capacity examination
(from 150 mm to 250 mm sguare)

Heater
Squeegee block 1 __________

Powder »\" ‘§= Rotate
Transfer Thin platef "~~~ " 7777 é

unit L e e e = Adsorption
unit

Figure S—4. The composition of the hot pressing machine for mass production

tests

In the meantime, as shown in Figure S-5, the increased speed of the hot
pressing machine caused a thermal expansion that forced powder to be
discharged together with air in it, resulting in a lower yield. Therefore,

as a measure to raise the yield, we controlled the pressing plate
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immediately before it came into contact with the powder so that its lowering
speed would be slower and the expanded air would be discharged but the powder
would not. As a result, we achieved a yield of 90% meeting the target

specification (90% or more).

Powder is discharged together with ) Ezﬁ:;‘dﬁtgliogsmgissli‘iﬁgiﬁebeﬂf?;e it
air inside the powder because of 90% vield plate, so the powder is not
6% vield the thermal expansion of the air discharged
Heater block Heater block
Heater block Heater block
50 mn/s = 7 Thin
Thin Improve- Only the Dlate
256—50 mn/s  |Both the plate nent air is
air and » dlscharge \P 4
powder ~_ owder
discharged Powder

Figure S—5. Mechanism for reducing powder discharge

5. Examination of methods to scale up insulation film formation

In FY2018, we established a verification method using an automated mixer
to form a uniform film at below 200 degrees C; however, the problem with
it was that its throughput for mass production was too low. Therefore, in
FY2019, we examined a method of scaling up the process using an insulation
film formation machine capable of making uniform films on the particle
surface of pulverized powder with major surface irregularities.

We used Si02 films formed by the sol-gel method, and chose a stirring—type
axial mixer as an insulation film formation machine capable of making
uniform films on the particle surface. We optimized the stirring conditions
to increase the throughput of the axial mixer and secure film formation
capabilities and pressure resistance. Table S—1 shows the test results.

We secured film formation capabilities and pressure resistance by allowing
pre—stirring stand-by time for the reaction of a TEOS solution used for
Si02 film formation, and then optimizing the mixing time. Then, we achieved
a throughput of 4.8 kg/h, meeting the target (1.4 kg/h or more).

Xiv



Table S-1. Results of film formation capabilities and pressure resistance

Set of Set of Set of
conditions | conditions | conditions
#1 #2 #3
Pre-stirring 5 5
stand—by time 0
i ) (Clouded) | (Clouded)
Stlrylng time 10 10 60
(minutes)
Film formation « . o
capabilities
Pressure o
resistance 102 75 357
(V/mm)

¥ FeSi powder available on the market was used.

In the meantime, there was Si02 particle residue in iron particles, but
we established a process that leaves no such residue by suppressing the
hydrolysis reaction of the TEOS. As shown in Table S—2, we confirmed that
we were able to remove the residue by reducing the amount of TEOS and ammonia

water to one tenth.

Table S—2. Results of examination of the Si02 residue removal process

Before After
X 15000
SEM image
5102 residue (9300 nm) No remaining Si02 residue
remaining
Ethanol 770 Rﬁﬂgc,fgntg 28
Ammonia water 68 # 6
TEOS 2% D 2
Iron 100 100

* The molarity ratio where the molarity of iron particles is set to 100
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6. Examination of the possibility of increasing the throughput by integrated

line production

We examined equipment connecting the three processes, pulverization,
nanocrystallization, and insulation film formation, in order to raise the
throughput by integrated line production of the pulverized powder of soft
magnetic alloy thin ribbons.

As the connecting processes of the three main processes ((i), (ii), and
(iii), we examined “coarse pulverization,” which pulverizes the thin belts
to sizes suitable for feeding to the cyclone mill; “classification,” which
classifies powder generated with the cyclone mill; “printing” by a squeegee,
which automates powder feeding to the hot pressing machine; and “removal
of residue” of Si02 particles generated from Si02 filter formation by the
sol-gel method. The throughput of equipment used in each connecting process
was greater than or equal to that of the main three processes. The throughput
achieved was 31.8 kg/h for coarse pulverization, 43.4 kg/h for
classification, and 12.1 kg/h for printing, meeting the target
specification (not lower than the throughput of the pulverization process,
3.5 kg/h). We were able to omit the residue removal process by improving

the Si02 reaction process.

7. Examination of possible application of discarded material from

pulverization to other products

We researched the required specifications of powder for use in other
products and examined the possible application of discarded material from
pulverization to other products.

We clarified particle diameters and shape characteristics of the
pulverized powder generated with the cyclone mill, researched the sizes
and shapes of powder used in magnetic devices, and assessed the possible
application. Table S—3 shows the research results. Spherical powder of 10
um to 50 pm generated with the cyclone mill can be used in smartphones,
information devices, automobile ECU/DCDC, etc. Further, flat powder of 50

um to 100 pum can be used in noise suppression sheets.

XVi1



Table S—3. Particle diameters and shapes used in magnetic devices

Applicable

Particle diameter 10 20 30 40 b0 60 70 80 90 100
(1m)
Cyclone mill wv L% i ' 5 ME{;?
Pulverized powder R¥idi:ss .z E L
X ll]l]

in SEN images

Smartrhone

Information device

House filling systea

Magnetic dovice

Automohi le ECU/DCDC i Spherical 85%

Noise suppression sheet [ Flat 30% Flat T0¥

8. Examination of possible application to other companies’ ribbon materials

We examined possible application to other companies’ thin ribbon materials,
using the equipment installed in the three processes of pulverization,
reduction to nanocrystals, and insulating film formation.

We fabricated the pulverized powder of other companies’ thin ribbons,
applying the process recipe established when reducing our own thin ribbons
to powder, and evaluated the powder’ s basic characteristics. Table S—4
shows the evaluation results. We confirmed that we were able to powder it
to similar fine levels to our own, and met the target magnetic property
(coercivity) (720 A/m or less). Other companies’ thin ribbons have a lower
saturation magnetic flux density than ours because of the differences in
the physical property of the materials. Therefore, it is possible to apply

the pulverization process recipe for our thin belts to other companies’.

Table S-4. Results of evaluation of other companies’ thin ribbon materials

Item Our own material Company A's material | Company B’s material
SEM image
- - .
Powcer's Particle diameter (D50%) 21.4[um] 22.0[um] 23.2[pm]
| o2se | Coercivity (target: 720[A/m] or less) 345[A/m] 0O546[A/m] O483[A/m]
feties Saturation magnetic flux density 1.76[T] 1.61[T] 1.61[T]
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9. Yield and throughput testing and verification

We installed equipment for the three processes of pulverization,
nanocrystallization, and insulation film formation, and verified the yield
and throughput of each process.

Table S—5 shows the results of yield and throughput tests. We met the

targets for all processes.

Table S-5. Results of yield and throughput tests

Pulverization Nanocrystallization [_Ins}ll@ting ﬁl"f‘
ormalilon process
Coa{:::c ) Fi_r}c, ) Class_i['ica— Printing Nan(_)f:,ry:_sta— Ins}%?[hlng Rcsidtlc
pulverization|pulverization Tion 1lization Formati removal
ormation
Target 99 66 98 99 91 96 99
Process
Yield (%) Result 99 66 98 99 91 96 onitted
Assess—
ssoss o o o o o o o
Target 2.1 2.1 2.1 1.5 1.5 1. 4 1. 4
Throughput (ke/h) | Result 31.8 3.5 43.4 12.1 11.8 4.8 FProsess
Assess o o o o o o o

10. Testing and verification of CO2 emissions reduction by the powder

manufacturing process

We installed equipment for the three processes of pulverization,
nanocrystallization, and insulation film formation, calculated CO2
emissions, and compared them with CO2 emissions from the atomized powder
manufacturing process to verify the amount of CO2 emission reduction.

We evaluated the manufacturing process from resource recovery to powder
generation, which is covered by the current project, among other stages
of the life cycle of magnetic devices using soft magnetic alloy powder.

We made comparisons with the manufacturing process in the current project,
referring to the current manufacturing process of soft magnetic alloy
powder as a baseline. We excluded the insulation process from this
evaluation, assuming that there were no significant differences in this
respect between the current manufacturing process and the one in the current
project. The unit of CO2 emissions used in this comparison was the amount
of CO2 emissions per kilogram of soft magnetic alloy before insulation.

As shown in Figure S—-6, the amount of C02 emissions reduction achieved

by the process demonstrated in the current project when compared to the
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current one was 9.6 kg—C02/kg-M [12.5 kg—-C02/kg-M — 2.9 kg—C02/kg-M],

down 76% from the current level.

General Electric furnance

Current process Current project [Result]
C02 emissions : 12. 5kg—C02/kg-M C02 emissions : 2. 9kg—C02/kg-M
(atbtc) (d+e)
--------------- 1 Thin ribbon production r—"'--“"'--‘l
- -' Scope of evaluation b=y N _Sgo_p_9_°_f_e_"21_u_a£1_°2 H
I — Tttt T T * | Discarded material \I
: Blast furnace ¥ol ten metal : — ~o H
I a 6. 3kg-C02/kg M i h d 2. 4kgCO2/kg M |
1 i I (Coarse pulverization,l
I : Gas_-\ ¥ - 1 1 - <=, fine pulverization, |
1 Al.nmlzm-i powder L [ i H z :«7': classilication) :
I production w I 1 a7 H
: b 5.5kgC02/kgM : : ‘ Pulverized powder 1
1 ool 1 - - 1
1 .%O I : | Nanocrystal lization |<: 0. 5kg-C02/kg M 1
: OO Atomized powder : 1 - (Printing, ) ) :
0% ¢ 0.7kgC02/kg-M 1 : ! g‘} ndnlx,rystdlludLmn)j
i < ——
I

1
1
L

I Insulation process %1 |§

= =
molding molding

Magnetic device Magnetic device

Tnsulation process %1 6.00

*] We excluded the insulation process from this evaluation, assuming that there were no signilicant dillerences in Lhis respect
between the current manufacturing process and the one in the current project.
*2 The C02 emissions include possible losses in each process.

Figure S—6. Scope of CO2 emissions evaluation and amount of CO2 emissions:

comparison between the current process and the project process
11. Usefulness evaluation from tests and verifications, etc.

This process is useful because it can guarantee profitability and reduce
CO2 emissions, as shown in ”79. Yield and throughput testing and
verification” and 710. Testing and verification of CO2 emissions reduction

by the powder manufacturing process.”
12. Conclusion

- In the current project, in FY2018, we conducted method verifications for
pulverization, nanocrystallization, and insulation film formation,
concluded that we would be able to achieve the target specifications, and
installed verification equipment. In FY2019, we enhanced productivity
(vield and throughput) in each process toward mass production, and

installed equipment for mass production tests.
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- In the current project as a whole, we achieved a yield of 55%, a throughput
of 3.5 kg/h, and CO2 emissions of 2.9 kg—C02/kg-M. We met the targets (yield
of 54% or more, throughput of 1.4 kg/h or more, and CO2 emissions of 3.6
kg—C02/kg—M or less).

-Table S—6 shows the milestones to commercialization.

Table S—6. Milestones to commercialization

2018 2019 2020 | 2021 | 2022 | 2023 2024 2025
1 1 1
Method Mass Production of mass Verification of mass fohili ]
>vcri['ical,ion > pl;:ﬂeds\ltcitn{gﬂn > >Droduction equ ipment production equipment Reliability In—house mass production
+ Pulverization method - Scale-up
- Hethod for - Yield
nanocrystallizatjon  improvement
+ Hethod for
insulating film : : R -
formation ft"h“'ep:rc‘;:’p“m'l{ets}‘ Apphcau?n to other
materials /T TTTTTTTTTTTTTTTTTTTTTTTTTlTTTTTTTTTTTS > companies’ materials
I
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FHPE 5L OFEFASN T dH 5 0412 100 um 55\ & il T X 722y 7R 100 um
UL LR O Z et LT, o AEIZ, B E 1000g & LTz,

IR, Mz fUE LT, Bt o5 XIZB4 %5 SRR & SZRRE RIS
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K ADIIREE T D D, 3k LIZWMBIOIEIC LY | fE LD %
B 5,

@ BHE PR SD 0

Ay a BB ERIC L D@ ERIRE 259528 T, 550V OHGEEY
ZBGIE LT, KOkl a0tk d 5 2 LN TE D, 1ERDIRELSD W E LT
NT, Ay vadFmik, BYRAD DR,

@ FS A V7 H—

PERDIEEN 5D WO E V% FIHET M OMREN 2 N 2 7= 0k Th b, Z D
mﬁmw%ﬁﬂﬁﬁéht_kf WEREEINAE T, A7 U —r EOJFE K
L<BER EFohnsd, 2O, BE DSV IT I L SRS 3k
NHENTED,

3. 1-8 2. kDR F~— 7 ot BEAL—T"v k2.1 kg/h 1D,
TrtkE DHRE 98% LA LA ER T D RIREMD & D DX F~— T BT o1,
ZOHTH, A—Ty MIEN, EE AN Z N Ch DA v 7 X —
RSttt = 277 V&N ICBE LT, MiEEITH) 2 &iT LT,

27
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BEA— T — LyFx RY L=V AT KK VEA R A TRT Y )
F 50k ) 550k H 5% 50k
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i g 0605 /A X 10005 /& X750 1 /& 05005 M /&
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OEZRWT, AELZZE 2T, Bitz{T-o7-,
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WD 2ODAT v T h A Tl i L=, £9°. BEROPEHZ2mH 3% 7=
DOT L AZMEORFT, I, ZEMAICL D ALV—T"y N EEBRF LT,

W, BFREEIZ, AL—7"v b 1.6kg/h LB, A8 97%LL EE Lz,
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E—F—Fuys L5 b

X 3.2-17 BAF LR |ZBIFHb—H—T 0 v OFd) L ffE

1) B AREEH OB

X 3.2-18 1%, MADRHEH SN AT 2R L TW\D, E—¥—7 1 v 7 BRKK
B - METHZ LIk > T, BENOELSN —KUEWE R L., MKz -
THHLTWE EEX NS, Lo T, BT L REFDZER DRI 2 B R H
UH UBREE ORI ST 20, A KA T HE S huiuiX, Bk odk
HEmflcxsrEx b5, 22T, MR EHOMBIICEET LI EE X LN
% 3O0DFKM, OEy—FHE, OfE Y —FHEAE, @MERIETRREIC

DUNT, A S5 L 7=,

t—F—Tuays
mE - fnjE

OO *
295 & ik

_ E____i i ZHEH

X 3.2-18 By ENPEH S DR+

O frEY—FHE
R ~DOEMFTI Ot —% —7 0y 7 OREThH D, MES—FHEIZLHH

AP~ B 2 R L 72,

52



[ BRI ]

- FEHRIKYE

faf Y —F 3 : 0.83mm/s. 1.67mm/s. 3. 33mm/s

- PG IE H

B R

- OfSF

PR —F BALAEALE ¢ 3. Smm, NERIEFEEE 370
B —FBAtARTI Ot — X —7 1 v 7 TR : 100mm/s

[ SRt ]

X 3.2-19 i%, FfEY—FFHE L HEZOBRERLTWD, fEYS—FHED
BNZEY ., BERMELTWDZ ENgnd, BIRIZEY . BERNOZESRD
BiER LB ARTE B OFEH A, B —F —T 1 v 7 L EROERETICA L— X
AT T 5720, BE—F—T 0 v 7 PSRRI L 72D, ER O
DI BIREZIEI LT\ D LR TE D, RERGER O, WE—FHE
% 0.83mm/s & L7hy, B BEMED 97% % EM L T 6T, S bRLIWENL
WCThb, o, K3.2-20 1%, WEY—FHE LREOBFREZRLTND,
ETOLRMET, BEORBLS 720A/m Zi e L, BERW L 2R LT,

100%

98% BEE - 9%l |

96%

94%

e

R 9%
90%
88%
86%

84%
0.5 1 1.5 2 2.5 3 3.5

fof LV —F Wi (mm/s]

[} 3.2-19 fafE Y —FHE LS
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800

750 BBl - 720A/nlL
700

650
600

550

PrBES A/ m]

200

450 S e
400
350
300

fap i —F I (mm/s)

X 3.2-20 fafEEY—F BHE LRI

@ firE Y —F BHAAALE

i Y —F 2B T DOLEIS K DM RPEE A~ O 2 Rl L7z, ., iy
—FBIAAMLEL, = —T vy 7 D3R & Oz R D ALED S O S
ZRLTND,

[ BN
- FEHROKTE
W —FBHIAALE 0. 8mm, 1.8mm, 2.8mm, 3.8mm, 5. 8mm
- FHMLIE H
B PRI
- Ot SE
ff Y —F 3 ¢ 0. 83mm/s, NEFIEFEAS : 370
i B —F BRI O b — % —7 1y 7 FRSHE : 100mm/s

ESTTEES)

%] 3. 2-21 1%, ffEE Y —FBAGANLE & BARHOBRZ R L T\ 5, WE—F 5
WAL R DB ~OFEREENRNT & 2R Lz, SO SO
PTIE, B EPRO 2R B R THEH T2 DI Eiﬁﬁ#ﬁﬁﬁﬁJﬂ\ CHEPRTE T
WHEBEZDBND, 2w~7/%%ﬁhéﬁét ZiE, AR TH D farE Y —
FHREOHMZHE TOLENHY | WEHY— %F%ﬁﬁé‘u% TSR EEL
WA, TRV —FHEIZRDENS, R Z it~ — % —7 1 v 7 )3k
TLHDEMET D7D, MEEIXL S REROK D KEDITE SR EHBE L,
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fEY—FBthE &3 1 8mm ZER I L7z, F7-. X3.2-22 1%, fEY—FBAtE
A& AR T OBURZ R LTS, & TOSMET, BREOSFMES) 720A/m % ik &
L. M8 & 2R LT,

100%

98% /\ HFE A - 97%EL |
94%

92%

90%
88%
86%

84%
0 2 4 6 8

for FL—F BALAAT1E  (mm)

3.2-21 ME Y —FBlta(LE & AR

800
750 H B - 720A/mEd |
700

650

600

550

500

450 ——————

400

350

300
0 2 4 6 8

fif LY BRAGHZE (
4 3.2-22  fif EH Y —FBAAAALE & PRAEE )

(A/m)

(R 77
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@ N AR
MEFEFEER S & 2 RSRE A~ OB Z R L7z, M. IIESIBEFER O %KiH
PSS WIEER LS BREMEMICEIET S,

[ BRI ]

- FEHRIKYE

for A FERE 150, 200, 370, 600

- FFAmTE H

R PR

- ZOAhSRA

i —F 3 : 0. 83mm/s, ff BV —F BALANLE : 1. Smm
fEY—FBtARIO e — & —7 1 v 7 FEEE © 100mm/s

[ SRt ]

] 3. 2-23 [FNNEHIFEFERE & B OBRZ R LT\ 5, far EHIEHFREE 3 /N X0
EESE R BT M H Y | frEFIEFEE S 350 LT T, A BEEED 97%
IEZFERTETND I EZER L, E—2—T7 1 v 7 N EEe MR
BT 2R0E, AN OELKOPEHBEENEE CTH LN, bE—F—T 1 v 7R
R L7221, R oF /il X 5 S 670 2 2 FHRIC X 5 =R
DBRZE DB T 572012, AR BMEEH I 20 P T 58
%%ﬁﬂbtﬁ#ﬁwk%z%hé AN—T"y FAEDOT=OI2iE, 725 3L

O E R NERIEFEEEIL 150 28 Lz, £7o. [X3.2-24 1%, INERIE
FEIE LR ORMRZ TR LTS, &2 TOSRM T, HIEDOHRELS 7200/m % i &
L. BN L 2R LT,
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(A/m]

{5488 1

100%

98% B4l - 9T%DL
96%

94%
92%
90%
88%
86%

84%
100 150 200 250 300 350 400 450 500 550 600 650

IR B

X 3.2-23 NNEilfE e & A3

800

750 H i - 720A/mb E
700

650

600

550

500

450 — —.— .

400

350

300
100 150 200 250 300 350 400 450 500 550 600 650

I B B

X 3.2-24 JNJEHIFEFEARE & CRAs
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2) Z=ik

28T 57012, OBEOERA L & QB R fE DO REULORRET % FhE L7z,
O Bk EREL

WEDIEREAL Z MiFtd 272010, A% —VHIRIEOEIR~ 2 7 OB 0 &%
RO . AR K ORI )~ DB % 514l L 7=,

[ BRI ]

- FEHRIKYE

Filill~ 2 7 B AR (B R840 &)

- 0.35mm (10.7g) . 0.5mm (14.6g) . 0.75mm (21.9g)
SCHIR~ A 7 @B 10 YA X134 C 90mm 4

- PR IE H

R PR

- ZOAhSRA

fif B Y — TR ¢ 0. 83mm/s, il B Y —F BAAGALE : 1. 8mm, JNERIEIRLR : 150
fEY—FBtARIO B — & —7 1 v 7 FTEEE © 100mm/s

[ SEBRAE 5]
%] 3.2-25 1%, Fil~ A7 OBIAOEESHOERZRL TS, 2 TOTAY

BAREICOWT, AEZERS, HEAEMEIT% AR TE TNDH T L 2R L
Too F7o, K3.2-26 1%, Fllill~2 7 OB HE &R ORfRZ R L TWD, F
fill~ A7 OBONIEL 72 21 ERBEIBPEIL L T D, 2t BIROERE
w2k, SR BIC KD ERESY Y OB EE e — X —T 1 v 7 TWHET
HZENTEY, fERPIERIEL TS EEX BN, BIOEO0. 5mm LLF T,

P55 D BAEAE D 7T20A/m Z i & LTV =2y, JEIRBIC L v, BArEmICH - 7=
Z b, HI~ A7 OB OEIE, 0.35mm 28R L7,
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100%

98%

[ Ad -8
E A - 97%EL |

96%
94%
92%
90%
88%
86%

84%

[A/m
= x
S
S

I 1[?/ ]
o]
]
=]

STy,

0. 35mm 0. 5mm 0. 75mm
Hill~ A7  BAE
3.2-25 Hil~ A7 Bl NE & A8

H Bl - 720A/mPL |

J

0. 35mm 0. S5mm 0. 75mm

Hikl< 22  BATE

3.2-26 Flll~ &7 BA O & & PR )
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@ Mimifg o KAAL

Wy AT RS O KU Cld, By RTIFSE 2 90mm /726 190mm A I1Cii Rk L, A8 K&
ORI ~DOR BN Lz, W, KREULICBEE L, FrE~EET LB 206N
5. 2ODRT VAL, BTV ARE RN L AR EIZOWTEHEEEERD FF
filh 2 3&hte L 7=,

[ BRI ]

- EERKYE
7L A BN L AR
1000N 430°C. 440°C. 450°C. 460°C
1900N 440°C., 460°C

- FFAmTE H

B ORI

- DM

EIRl~ 227 OB A YA X : 190mm 1 CEXMASEA & @ 36g) .

E—%—7av %A X 250mm A

i BV — T ¢ 0. 83mm/s, faf BV —F BHAAALIE : 1. 8mm, ANEHIFEIFEE : 150
Y —FPtGRIO e — % —7 2 v 7 TR : 50mm/s

EITTEES|

5 3. 2-27T 1L BT L AR L B OBRZ R L TV 5D, B TOSERMIZEBN T,
HIED 9T%LL LR CETWDH Z & 2R LT, [X3.2-28 1%, B\ L R
ERBE DR Z R L T D, BTORMFICBWNT, HEED 720A/m Z w2 LT
WD &R LT, miARIlC L0 | BRED DMERIE I & o 72, B R FE 90mm
AT, RIEIREN 450CTh o7, MIEOHEEICL Y | LEREENEZ -
AREMEIN B D, 7o, TV AREIZOWTIL, 1000N LV & 1900N D523, 1145
FIDMEVMEFANC B > T2, B RREIFE 90mm 4 Tl, 7 L AfafEIL, 1000N HAVIE,
+THoTEN, BREREORAUIZ LD . AR LN ERET 27200 E 0
AR L1900N D F BRI Th o7 &8 2 biLs, EERIEE DAL EOHKING |
ARl DO RERIEE T D Bl 70 1T, BV ZREE L, 460°C, U A EIL,
1900N & 722 5703, fRige /) & LT, FriRmiFE 90mm £ & [R5 D 500A/m LA F & 2R L
TEY, +9Thod, Tz, RERERG, A7 L REMEIT, 9 BLUATH Y,
MEDOWERRAZBE L T, L 2O 1A 7 VOREIZ I Th D Z &
i L7,
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Ly

=

(A/m)

{8 7

100%

98% __'D B i - 97%
96%
94% —@—7ii i 1000N
9% =877 i 900N
90%
88%
86%
84%
400 420 440 460 480
ML REE [C)
X 3.2-27 EF L RE L AR
800
B Bl - 720A/ml) |
700
600 =@ 17 Hi 1000N
== 1177 Hi 1900N
500
400
300
400 420 440 460 480

7L REE [(C)

3.2-28 BN\ L RIEJE L {RRE S
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WIZ, e—F—T7 vy 7 2 KA LIZET L 2 EE CERL L 72 30BHZ DWW T
e KRB DR 2 FEhiE L 72, o Fe fEdbfH O LEL 1T, XBREHTEEEIZ L - T
BONTHARREO X BEITRZ—onbB5ZENTE D, BFEOE —F —
7'y 7 150mm 4 TO X FREHTHT OSSR A X 3. 2-29 1T, KAUE L7z 250mm £
TO X BREHTH OFEFR 2 3. 2-30 IR LTV 5D, 0 =44~45° |2 aFe fi5hAH
DY —7 FFOZ L PR TE D, MmfbEOEH HEL LTI, oFe fidbfH
DA RE— b TENLT 7 AFIRFH O 7 0 — KRR S 2 — & oEE L,
FNENDBEITRE Z RO T2, REPTTREIKTT 5 o Fe i fBH ORI E O
teEfEmibEE LTnsd, B—%—7 1> 7 150mm f OGS 68[%] 2%t L.
b—X—7 1y 250mm A OFERALEEIL T7[%] TH Y | A LEIXRSEU ETH
HIEEMER LT, 2. MY — 2 OPBHEIEN S Scherrer D& W T,
WA XA LT, b — & —7 1w 7 150mm A OfE S T3 A X1%16. 4[nm] |
b—%—71 7 250mm A OFETR VA XL 15[m] TH Y . RZEORER VA
R ThDH I & aMER LT,

i

Gt

—a ] 5 rJ : @ & i [ . a y &

2 0 (deg)

% 3.2-29 b —&—7 1w 7 150mm A TOXBEIFT a7 741
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) —

[ ' &

20 (deg)
X 3.2-30 b—&—7 17 250mm O XBEIFF a7 714

U EDRERNS, T/ #d b7 n e 202 £ L0 5 & TREOE D IZ
2%,

W ER T et R (B L 2 HR)
« EFIlfll~ A7 OB O A X 1 190mm 4
cb—F—T a7 AR 250mm £

« B—FHE : 0. 83mm/s
- B L AR BE : 460°C

- L ATE : 1900N

- ff B — T BRAA(L E : 1. 8mm

o I AR AR : 150

fFEY—F BRI Ot — & —7 1 v 7 FEHE : 50mm/s
-, BT L 2Rk AT ek e e 202 —TFy R ELTIE, B

(RBAR B 36g/Z0 7 L AR 11 #=11.8kg/h & 720, BHEL LT\ 1. 5kg/h
RERT A ENTE T, £2. BEIE, 9T% U EER D Z LR LT,
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T b TR O B&EEE X, MR~ b~ RN E B &
ol B LD, XoT, /ML TIRED N—Z VOEFERE LTI, A
N—T NI, F R T e A CEE SN 1. 8ke/h L7220 | BEIE, £
ntAEFRE L, 99% (BAEMAR) x97% (F / fEd k) X94% CKyAENR) =
90%&7ch ., HEEAL—T"> |k : 1.5kg/h, KOVEHAESHE : 90% & e LT\ 5
L EMER LT,

3.2.5. CO2 eI BEDIREE

T fEEAE TR, O RS, @) /b o 2 »oflE 7 v v 2 (2557
T, FRRFIEICEvEH L, #M, 7/ /a7t 2123, BRER 7 o &
Az, B 97% (7 fhdafk) X94% (B AREN) =91% & L7z,
O BriRdtis

Ax—THIRNZ XV | ok LIoBiR % BULERRTIC 1kg FIRIEOE 3 % 8iE
2t 2D C02 HEHEIZ DWW T, BRIFRHA IS X8,

B R (0. 01kwh) KA (3. 6kg) + 488 (99%) X C02 HEHIFAEL

(0. 512kg/kWh) =0. 001kg—C02/kg—C

¥C02 HEHFRH 0. 512kg/kWh 1, FaoH#ih & EH,

-

REEE  IRENRT APHERE - W5 - AKGIE
Wepk 30 AREERR T EARFEEE DIPEH AR ARERE ]

WA, HEFALER BT OGS S A 1kg 720 @ C02 BEHHE L T 572012
WettI A I D& | FIRILIEORE 7 0 X DB TR LTz,

WA 1kg 2R T 2 8E 7 1 20 02 HEH & (0. 001kg—C02/kg—C) <7 / fi
st 7 v 2 DA (91%) =0. 001kg—C02/kg—M
@ F / fdk

BT LRI LY EHIRIRCHE U7 R BB U R A i IR 1kg % Y
ET 57 a2 RA0 02 JEHEIZOWT, BAFREIC S X8,

HEE SR (3. 18kwh) KA (3. 6kg) —H:84 (91%) X C02 HEHIfREK

(0. 512kg/kWh) =0. 497kg-C02/kg—M

3¥C02 HEHER$ 0. 512kg/kWh 1%, FEoH A 5B

-

REEE RENRET AP ERE - W5 - AFKGIE
Wepk 30 AREERR I BRI FEE DIPEH AR ARERE ]

Ko T, LiEOMRIME~OF / ffmbz a5t L, 7/ fdsfb TFEE O 02 HE
H &, 0. 498kg—-C02/kg-M=0. 5kg-C02/kg-M & 72 5,
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3.3. MEBREFRRD R 7 — VT v FORKE

HAEEIZ R TRED BPEIC AT T2 A — LT FOREHE R HOWTHET 5,

<WEAEEE (CFpk 30 4REE) DY MADIRY KD >

WEAERE (CFRk 30 A1) O Tl MR LR O 7' m & X DiER LY
T AFESLD T O DRBF 21T, 7 rEADREICKW L, i
AN EDBENS AT 77 VB L D AL203 [ & L LiElZ X 5 S102
EA2BE LT, 0%, MmtE & W 5 PERROBLE DG Y L= EIZ L 5 Si102
BED T A AERRIE T K 7 1 7 A KLV IA AL, ORI 2 FfD S102 % 2 E
L TR C & DifftialEak 7' v 2 2 B3 LT,

<AAEFE (R 31 AR - SRIOCHED) OB Y FH A >
A=)V T v T OIEE LTEL, LD X 5 ICBEBEEICHEEIEIE R 21T 5
ROBEZHINEE LM 21T 7,

[ —nT > TN E]

@O m—/1 3 LEEE (100g LLER)

@ m— L 3 LEE (500g LLER)

@ Ay b I VEEE (ke LLHL)

@ Ay b IR (Tke LLER)

® 7 FT /LI F P —4EE (12kg L)

[3.3.1 Mg TiEoRs ik, O~QF ToOLBDOEMRIZT 25 A
=T TREEE TORBRICONTIR~S, 72, 13.3.2. BEERIHKO
BEt) BEO 13.3.3. EEMGEEIC X DHE - B8 - 21— > b ORI
TIE. BERITM L LTOBIUVODOKREDHBIKIZRT % A7 — LT v Il
EZDFERIZHONW TR D,

¥, AT—NT y TREHIER LT 2 AR IR T2 Tt R oK T
bt KB EHEA LTS, ORI, DR S TBRBERIZISES |
B RIS TTHETH U | TR S N MG 1 R O A A3 TV VRV v
HTh D, Eln, RTEEORR L BRI LT A7 kS 1ICIE< 72
D o3k MTNRCT <, N e R TRIE A DNAN D IZ < W e, ki3 A
ZAEEIEIRIC 5 2 5 HBOFMN L 0 KR TR 7dTH D, &bic, B
RBEICIENT b~ A ZBOBA . RTIR OB & i LT, 7L Ak
U OMERRIEOEINAFAE LISV, 20 A S U ST R D 5 ) % 3
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THETHELTWD, ZNHDOHEANS, KT h~A X EHWDHZ LT, F
RENDHEFIEBIEDOEMEN A r— VT v TR ED L H I8 kT 50 % LD
M5 Z L 2B E L TR 21T 72,

3.3.1. FEBEIERRK TIEORET

MBI TR T, Que—L I Ry FIL) EELOT7XF V¥
Jb X —AEE O 2 T OEE 2 W TIEORR 21T - 72,

BUlca— I (Ry ) EEET Uy LI —EEicmli-
MEFRIETE R DR B DWW CHER T 5, #igEIE Y — 7 B2 W TR L T
W5, LATIZY V7% RV Si02 IR O BRI DWW TR R S,

< N-FNAEIZ L D S102 D TERL >

VIV AEIZ X0 | BRI A BIC Si02 IRA BT A Z EnTE S,
= ETEREE RSB T L 2% 2 K (MOR) x) & A Z TN U TS i 5 i
R L, Z0%, &F7 /L3y R ERRRL3R i O THKHE A SOS %
232 L THIRRLFRENICELZTER T D5 FETH D,

FEPEHIBME L LT, TE0SSyFSi (0C2H5) 4 & 7K 45 F-H20 D K 45 R S i D3 36 A
T 5,

Si(0C2H5)4 + H20 — HO-Si (0C2H5)3 + C2H50H

ORISR (0D IC L > T a2 3 (C2H50) ME X HL 2 S0 TU
5o ZDORIGSDOERT ZIX3. 31T~ T,

IR 53 i S i
TEQS =sersssmsssssunsunsannnnna,, .
0C2H5 3 0C2H5
Si 5 Si
cotis0™” |\0C2H5 P20 P cotts0”” |\0H + C2H500
02115 0c2115

. .
----------------------------------------

X3, 3-1 IR RS
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WIZE2BEPE L T, B 1B T4 L7-HO-Si (0C2H5) 3[R £ 3 fE o = . K4y
FH20% 3859 D i AKMEA RN IE Z 5,

2HO-S1i (0C2H5) 3 — (C2H50) 3Si-0-Si (0C2H5)3 + H20

ZDORIMZ XV O0-Si-0OfEA (VU FER) DR EIND, T AU
KEHIZER S NDSI2ED L & 72D, Z DORIGDORET-%X3. 3-2127~7,

it KA B B
0C2H5 0C2H5 0C2H5 (‘)C2H5
~ i y §§ Siv
C2H50 l \OH + HO ! l 0C2H5 =P (21150 t-"\"g'ﬁ_'l. \OCZHS + H20
0C2Hb 0C2H5 0C2Hb \ 0c2H5

YRRy

[X]3. 3-2 i K#E A B

LB D INAK SRS BT, TEOSD 7 /L 21 3 3 L N4 CTKER LI B & #a
2 HA. D% S BITHKMES SN ETT 2T, Z ORGSR S izt
FREIT, MR R 2R OO ER LI O 0N & ORI T H MK A & 2 L,
SI2BERTER S D, T DS DERF % X3, 3-3127- 7,

v aFt oGRS TS
ol 0C2H5
0c2is l | o -
S1 \ y Si \ ~ Si \ {iCZHn l |
\ / Si\O/SI\(}/Sl\
OH ‘ / \ / OH
HO \

OH OH OH 0 0
1 1 1 v

BRHL T RHORE —Fe =0 =Fe =0 —Fe —0 — e T ) e e

BT KA O LD
OHIL & [BAKHR &

Fes s
T »S10200 D FZRL

[X]3. 3-3 $RRI+FH~DSi02MFE DI AL S s

ARFEITIB W TIE, EREBEMER IRIZRT LT, TEOS (A /v NEEfRT b T =F )L,
FET R TRV UT ) WL L C2X ) — b, T, S ERESE
HfEE L LCT =T KREWI LT, P, M S5 2 & CHEBGER R
RKMANZSI02MEZTERL L T2,
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X 3. 3—4 ([ZAKGH CEH Lo/l — L 2 VEBE ORI BB 2R, /Mo
— NV IVEE L LT XY AR BR-2 2 L7z, B SV
TRHEICEAT 5, v— L LT 2 KOEEET D80 Bilo, e 72 2 i
AR TEOS, D= & 7 — v DT 2 =7 Kig & DVEHR % AIVTEF
A RET S, £ L THERT DO FERICHDOE TEDO LORIR B AEZT 5 2
& T, BEsNOMEINRSG « 8 SN TRUGA T LRI A2 Rk © & 53 E
Thbd, BHEZOBEBIIHRE ©— X2 RBNICFERFICEAT S Z & T, B
PO ARBTHEREND Z ERZ W, SEITHFEZ BgE LTy
D, BHEPICE— XD AT TR, SRV ZEEE L 2 RoObfo[al#s
WINZ CRE S AN E T EE T 2 OME LA TEY ., ZuZkh a5z
B - BT T EEZ NS, B— L I VERBICHE A RBOY A X
EREFHZ LT, —FEICHRET DMBEERROEEZEZ DI ENTX D,

X 3.3-4 /o — LI VEEE (7 AU 48 BR-2) OV E

Z O wu—/L I VIEE 2 DT, RBEMEAB A6 LT < 0o Sk T
IR 2 AT AR el &2 (R U Tl O Rl 24T > 72,

@ /M —L 2 LR (100g ALER)

N ARLETE 22 IV T 100g DERBEIE AR DU THERRIE D TE L 21T - T,
BITFY A RN L BEA S D7, PHRRAS 10um & 30 um 0 2 DY
YINERB L, BEYA XL 250ml ObOEEHA L, 2ok, HERIEY
A% DR R R U C il 9~ % 2 & TR SRR A VR LU Tt E ORI 217 -
7o
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[ =B
- SEERKHE
#3.3-100 & QD S

#3.3-1 RS

EaaONE S50
HRBEERE K (2) 100 100
SEYIREED50 (1 m) 10 30
2 — 7 —[a[#5E (rpm) 120 120
- PEiTE H
[F)E=
[ SEBRAE 5]

3. 3-5 TS L T EDOBRZ R T, M, FREMEAR RO 12m /4 o
HOR Ly EfERLL ., B2 ImA Bl EWiiILD XLy b ~OHIINEL 2 HE L
776
ZH0 L EHQDOFNENIZDOWT, Reference & LT Si02 DR Z 17403
(AR U 7o R SR & R L T 24T o 72, S102 ORI 21T - TV 72w
Reference @ 2 DD L 7 /TN T, R 10 um O 2 7 IVIEIEDS 172V/mm
Elpote, Flo, B30 um O > T IVIEMED 61V/mm & 720 | %h%hmﬁ}—
DIEREr TlEenolz, ZOBEMEIL, KT M~ A X OERERRIC AR Sz
3%%%WHﬂKﬁLT%ET%%Hﬁ%%MﬁKuiof\ﬁm%%%%%ﬁ#
b SNBSS NI BARBBLIEDNFE L TV ATt B 2 b b,

LT, m— b IVIGEIC LY Si02 RO 21T > 728 > 7 /B D T
PIRIEE 10 pm O OHME 804V/mm, F 72 EHPRi 1% %Mm@cmwmwmmk%m%:
LD Reference DY 7L L HlgT 2 EMENARKE S EH L7, ZORRIE
JCAAFAE L TN T R AR IR R 1 0 B SRER LB 12 S102 23 fEfg S 2 &
I X DO R EALIC L A ER EA2 R L T b,
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900

304
300

700

00

500

400

WE  [V/m]

300
227

200 172

100 61

; [

Ref)fiiZE10mn OHiZElwn Ref ) fiiE30mn Q@HiEI0mn
S10ZRIE A L S102RkAEH ¥ S10ZRkIE R L S10ZRRIEH ¥

[X] 3. 3-5 ¥3{K 100g IR OTHE & K -2 D BftR

T2, QR 10um OFE L QR 30 um DA TIHEN K& < B D FLH
R THRARZ X 3. 3-6 1T~ T, EERIEDN NS WG E, [X3.3-6 DK D X
N R BB B 2 FIN LT & pl B R 3 Mgk i 9~ 5 £ Tlz, £<
DRI OREFFIEZ I L TS BERH D, —F T, FHRENKEWIEA,
¥ 3. 3-6 DAK D L 5 I AN BT 2 HIUN L T2 6 BB SRS ik
WS 5 FE TICHEET 20 EOH DR EO &L, FEPRRI /NS WGE & g
THEDIR, BEWVRZ D & SRR O /N SR A U7 BB ERE O
R L U COMBEIFIRIZEL 720 | SRR D K E VR Al U 72 e ek
Blo#E L L ToOMBERIT#ELS 70d, ZORER, SRR 10um OO & FEH)
B30 um D@D TIMEICKRERERNBE LT EEZEZOLND,
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Ptz b FrfuE R

BB L fimpE
BHEEIM BEEI

o® e ~o eQeo S, 0°

890598 5ty &Lz
e Qo 2 0 ‘® Oo o
O o O' O O O o o
.' = o "O_ Q.? 'O o 'ooo O.‘

BEBEEE K |4 >H mEEETF BIBIBIZETE /)
3.3-6 VPR DEIC K VIMEIZENBETHA =X A

@ /MRlm—)L VAR (500 JLER)

RN AHEE % T 500g ORRBEMEAI RIZ W THEBAR D TERL 21T > 72,
ZOFRBRTIE, THRAE 30 um DY 7 i AR LT 100g DRI EAT - T84
LHE LT, 100g DR ARORRBALEIZIE 250m] DFARE . 500g DRy A D AL
BHIZIL 500m] ORBAMEH Uiz, Z 0%, MRRIIE % OB % kL L C il
15 Z & THALREH 2 (R L CTINE ORIl 217 - 72,

[EZBRNE]
- FBRKUE
723. 320 (100gALBEDFE ) & @ (R ZEER) O Rk

#3.3-2 RSt

ESONES 5O
P EAR R (2) 100 500
SEHIRIFEDS0 (e m) 30 30
7 — 7 — B85 (rpm) 120 120
- FHE H
T
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[ F=8rAE R ]
3. 3-T IZ RIS & it E D BfR 2 7~ T,
100g DGR R U CRRBEALEE 21T - 72454 & Hhlk LT, 500g (T fsF
ORI E A LT2GAIC L, RBREU EOMEZE SN TND Z &5
mnd,

300

274

250

200

150

WE  [V/m]

100

a0

OHAE3 0w n QFHEI e n
1005128 50024038

3.3-7 ¥k 500g BIBE & 100g FRMEEEE DIt o bk

@ HARIR > b VEEE (3kg ALEE)

5T kg DERBEMEARIIRIZ DWW THERIE DI R 21T - 72,
L0 DEOKHKRE NIRRT L7 DI ROR Y b I LEEZH LT,
3. 3-8 ICAMFI CHEH LRI » b IVEBEOHNBI G E 277, FAIK > k3
VAR & LTI ERT R O MF-4 2 L 72,
ZOEBRTIE, PR 10um OV T EHE LT 100g DR AT 1254
EHEE L7z, 100g DOFMAD EIEALERIZ 13 250m] DA% . kg DBIMAD FRAFAL
HIZIE 2000ml OFwZHEH Lz, 0%, MEEERS%E O L sk L TRl
T 5 2 & TSR 2RI U T E O Rl 21T - 72,
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%] 3.3-8 AR v kI VEEE (FEERAERTR MF-4) OB E
[ EBRNA]
- FhRKUE
3. 3-30@ (100g/LFE DFE ) & @ (RFERR) DSt

#3.3-3 S

ESRONES RO
BRI K (2) 100 3000
SEEPRIAEDS0 (12 m) 10 10
72— 7 —[al#EEL (rpm) 120 120
- PEIGIE H
[ppE=
EXTTETS

3 3. 3-9 (TR SRAt: & it E DBtk &2~ T,

100g ORBEMEMIRIZ 0 U CRIFEILER 21T - 72354 & el U T, 3kg (C U IFRF
DO EZ L LIZBEIC L., IFERBEOESWIELZELNTWS Z &
DIND, DT DITIEIME T L TWARK E LT, Ay b INVEEIZBWT
I, T 5B EROENE A D L MEPEE L2 LT, £
OO W TIHEFIE 2 TE R T D RIS FEAELIC KRBT TE LB %
Hivd,
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a00

304
800

700

600

500

400

WE  [V/m]

300

200

100

OFE L Dwn QFiElwn
100018 Jkehilze

X1 3. 3-9 ¥y{& 100g R & 3kg R O i £ o bk

3.3.2. EEMRIIEEDOKRET

W TEBEMGHEDORTTE LT, S I KREOHIRICK L ClE&EIRIZ 21T
IZENTELIOKRMA Y hINEEBLOOT v /LI T —EELZ HN
T BEMGEEIT o 12,

@ KA > b VISR (Thg ALED)

%] 3. 3-10 [ZARET T L7 KAIR v R I VEEONMAEE Z2 R4, KER
v PINVEEE LCUIM T v 74O ERHAR Yy SINVEEEFER L, RNy
NI VEEEICBEA L TIE, M — e I Vs E . BRIR Y b I VEE, FLTK
ARy FINEBONTIUZEBNTS, BT S 2Hi0ow—F—0 RIZhiE%
BN LT Bz i T2 ETH Y, BEOEARWNRBEETILED L0,
T DOEBRTIL, Tkg OEBEMEMREIZ OW THEEIEDIE L A 1T - 7=, FHIRIER
10um DY > 7% HE LT 100g D ETT - 728548, Skg DLEAT - 1254
E DI ELT > T2, 100g OFMAD ERIEALELZ 1% 250m] D%, kg DBIAED
FIEALBRIZ 1T 2000m] DRZRZFEH LT, £70. Thkg DR ERD pREALERIZ 1 5000m]
DE#EMH LTz, Z0%, #EEEERE OB IR Z &R L TR 5 2 & ThH
LB 2 VR U CIME D FEME 24T > 7=, £7-. Wi TEM & EDX IC & v Hafis
DRI &hr 7 O & R % 8T L7z,
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[X]3.3-10 KBIAR v b I VEEE M7 v 7 8 ERHAR ~ b I LVEEE)

[ 2B N
- FEERKYE
7<3. 34D D (100gLBEDFER) . @ GkglLBEDFER) . @ L@ (KRIFEHR) @
BB SR
% 3.3-4 RRBESAE
S ONE S RONNE S GONNE S:0)
REEIE IR R (2) 100 3000 7000 7000
SEEPRIAED50 (14 m) 10 10 10 10
72— 7 —[al#E% (rpm) 120 120 120 240
- PEIGIE H
[EpE=
Wrim TEM

EDX 74 a7 v AL

[ AR]

3. 3-11 (T RIS & it D RBEfR & 7~ T,

SO D 100g D FREALELDfERLQ D kg D RBFEALERDRFOFER & g+ 5 &
@D Tkg MALBL DR IR TIIMENME T LTS Z B m0nd, ZO—K&L
T, FEQOBIOFM@OKRIAR v b INEHNERTIL, AV—7y MA
Eoizn, BELEOKHZ D@Dl LI Z EREF b s, — RIS
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MR N LA BRI R S R W DR 72 5720, OROITHEARTORD T
M E DK 5312 70 » TN D 2 L IHAER IR O R RMK A E TR T & 5,

Wiz, 3. 3711 1B W TEH@OIZOIHR L Tr—F —[ml#sEk % 2 512 L7255
BORETHY, MEIT@ &I L TR 80V/m kEL T\ 5D, ZOHEHIXr—
7 —RlEsE A EE T 5 2 & T LRV O SIBMEI < 7o, SO T
FHbETFaZtTERholzhi A ANKELSBEWVRLF-HBEHTHZ &0
T, JWEOIE & 2#Mf| CE ol eE2oND, 2L, m—F—[q]
A D Em HAGIZIZPR R & 5 5, X 3.3-12 [IZ@QDEHEE A 2 f#12 L7=35E DR
WLFRSS DR ERN DR - Z 79, X 3. 3-12 TIX. B IS RN EREE L7 K
XRBABFELTWDZ ENmND, @DHFEIIXZ O L D BT A L T
o te, 6o T, BERNEHRIC/AR DIEE, w0 CRERIC AT S LTk 236
70 BERRNEBELEHAEE S ERCRE LT EEXLND, 20K
RRNEE LT- BN TEX T LE D &, ZOBOWNE CIIMiE 2 LT 5 OGS
FWELICK LK 25720, BHEDOIEZLSZXDRIN LR S, 07D, vzl
TOHOFENMLELRD,

900

804
800
736

700
600

500 485

400

M [V/mm]

300

200

100

OREEIO um @Pift10pm @REEIOum @HFLI0 pm
100g#L R SkeghLpg Tkl Tkl B [alfi g

%] 3.3-11 ¥3{K 100g, 3kg. Tkg ARMEIE DML D bLi
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pure—

By DN LT
BAS T AR

% 3.3-12 @ (1 —F —[al#iEE 240rpm) O Y EALER S D25 2N DO

4 3. 3-13 IZ 5@ I T D stk DR Dl TEM R Z~7, 7z, X
3. 314 \Z Z OWIHICIIT D EDX 7 A 70 7 7 A )W K DRGSR &2~ T,
Wik TEM OFE S, MR O Fe LD RIS X 14. 8nm TH 7=, F7=,
Z O E®D Si02 BEOREIE X 25. Tnm TH -7, EDX T4 7' 7 7 A4 L OFER
5T, MERORFROBEICEWNTSE & 0 BBES T2 LD Si02 [
DIERRENTND Z & 2R LT, [X3.3-15 ([ZWrim TEM |2 X 0 ki 38 L O
S102 MED i Eh i & Wi FHE1E A sl Lo R &2~ Fe SRORHT & 72 2 By (ki1
& EDORMED Fe BLIENFEMmE TH Y | Si02 BIXTELT 7 AL 25TV D
ZEERER L, UEORRENS, KKy b I VEEEZHWT—EIC Tkg &
VN D AR B TR 21T - 7= BIEERFHI IV T Fe MR bl BT @ it
JEZFFD Si02 DR FIRE CTH D Z L D3 T & 7,
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Fe R RkpA
50 nm

3.3-13 M@ KALKR > b VT Tkg FRIEALERH: OFMA O Wi TEM &

Fe & 14 Felf@{BliE
Sifg

L 1 50 nm ) ) BF

3.3-14 @ KR > kI /LT Tkg FRIBEALER% O RO W O
EDX A4 > 7a 75 AL
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Fe R BEAT1Z

e i JEE

3.3-15 &M@ KREUA > h IV T Tkg ARIBEALELEL O BMA DK D
LT TN A A o [ 3 Y

® 7 X r LI —AEE (12kg L)

WIZ, ZHETRRZZa— L IRy b I 3B oEES OB & L
T, GREIF 72 AR R DT 2 AR A0 2 72 X T EE 2 W - BERFTNA
IZOWTHRD, X3 3-16 ICARFT THEMA LI FHEETHDL T v/
X —dEE (2 LUE TR UA-02S A& TL) OB EE 2R,

%] 3.3-16 7 ¥ ¥ /L FH— (KIUET R UA-02S) DIMEI 5 E
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TEVX N IFPELONTRHEICHIAT 5, 7 F 2 v /L EIEGED
[Axial) THY . T#ETAA~OER) 2 TS 5, REHEOREIHR 2 £
TZETHY . HEROET 7SR R 2 FE S0 RG22t S
THIENTED, RN RIEROMFEMERORESE &L TUTOL 572
R & Fr o,

- P fERl & bl U CRIREE T —I2IRA TE D720 TH D

« FEENASOFFFE DR TAH 7200

o PUR1BER R JEREMERNZID - THREINIC E xRN EET 5720,
ETH DY) —IRE D FEE

X3.3-1TIZT7 X ¥ LI X —NTOBHOIETEZRTA A—VKERT,

PR EEE I ER A
o THEIRIC B
A REEL, LT
D —RA D ATRE

X3.3-17 7THF ¥ /LI FH—NTORHOA A —TK
(EILETHPZ 2% |2 5i#)

http://www. e-sugiyama. co. jp/products/mixture/axialmixer—-60th. html

ZOFEBRTIX, EERIFE 10 um OY > TV 12kg OERBLMEAEM AT kT U Tl
DR EIT- T2, HHLEZT v VI 2 — DB OREILTL THh-o 7=,
Z Dk, HIFIEIE R O R 2 sk L TRl 5 2 & TR RREE /ERLL ¢
MHE DR &2 4T > 7=, F7o. R ORI 712% L CFRi SEM (2 K 0 B 47 1
FREFR UT-, LT, WriE TEM & EDX 12 K 0 Mk o R & ki 1~ DA & AR
Z i Uiz,
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[ =B
- FEBRIKE
3. 3-5D N> H QD IR S

23.3-5 ARMESR

e ONE = RONE =56

RBETEAR K (9) 12000 12000 12000
SEVIRE2ED50 (1 m) 10 10 10
R AT E R (min) 0 5 5
PEEREER (min) 10 10 60
PR R AR [EE 2K (rpm) 100 100 100
REERET =3 v /X —[E#REL (rpm) 300 300 300

- PEMTE H

2 SEM

[F)E=

Wr e TEM

EDX 714 a7 v AL

ETES|

# 3.3-5 TR LTEEZHO~OTITMmBREARIZET 12kg TH D, Fio, B
IR DPIAR DA S —E Th 5, — . EHe LT BHRHIZO & @72° 10min,
@23 60min & L7z, F7o, BEERPIURZ [Hlis S SRR 4 BAG T 2 ANICERE L 72k
ML ZAEDOA Omin, @& @78 bmin & L7z, BRI A 2% E LB, TR
XD Sio2 FEDORMEFE 2T 2720 ThH D, Fiz. BRI OFE
Ref 2225 e L7V, BiERf 2 R <375 2 & TRiEE L7z Y V-7 EIZE
1% Si02 RIEIC L BEREEM TH D v u X VA OB AN ST, Si02 &
Bl aRESEDLZ L THD,

3. 3-18IZ D ~@ T T - 7= AIFELER # O FMAR D F SN G- E. % 79, 5o
OL@ D 10minDEMALEL 21T > 72355 121%, BB O R w137 © 2>
THEDII I, —F THREG@DE0minDEALIG A 121X, ORQD%GE &
TERFRN B2 0 | AR E 2 O MO CHE SN TV D Z & AR T
X5, FE@IZBWTHRALLEZDOBEIXT 3 ¥ /L I 9 —CORBLEIC X
S THRFREIZSIZ2ENER SN2 L ZRIBEL TS,
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iéjmfﬁvwwf%ﬁ — CRBBALER % 0 3 A 0 2 T SEM B B

WIZIK 3. 3-19 1T St & TEDRR A =T, FHEOLQODRER & ik LT
@DLANIIMENE L 22> TN D Z &N D, filidk L72[XK 3. 3-17 D 1 SEM
DFERBEEEZ D L. QDLGH DI, MHAKE ~D Si02 FEORED BIFHIZATH
NTEY ., MEOKIER FFRICEN T LB BND,

400

357
350

300

250

200

WE  [V/m]

150

102
100 75
) .
0

OFEZE 10w n Q@FEE 1 Den @fEEIDen
10n infLEE SHEER |0ninflzE 53 ER 60ninfliE

X 3.3-19 7 & ¥ /LI TV —I2 L B IEER CTOMfE D ik
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WRIZH 3. 3-20 IZSRAFE@IT I T D At DR O Wi TEM B R4 7R7, £,
[X] 3. 3-21 12 Z OWrE Z81FT D EDX T A > 71 7 7 A )W X DA HTRE B % 7
9", Wrif TEM @ﬁ%\ ¥k 1w D Fe BBV OBEIEIZ ) 7. Inm TH o 7=, F72.
%@J:O) Si02 BEDREIE X4 18. bnm Tdh o7, EDX 74 71 7 7 A )L DOFEHE

SliE. BMEORFEHOBFIZBWT ST & 0 MBS TWEZZ Ev5 Si02 )
75>ﬁ/)ﬂzémﬂ\é & ARl Lo, X 3. 3-22 (ZWrifi TEM 1T & 0 B K3 L OY
S102 MEDE b & R G & Rl L 7o & 7, Fe SRORE & 72 2 By (ki 1
EZFDORMD Fe BALIESFERE TH Y Si02 I TENL T 7 Afg Lo TW5D
ZEEMR LT L EDOREERNS T Uy L I Y — 2 E A VT T 12ke
&V D R E CRBEALEE 21T - T EPERRFHZ W T H | Fe BRUIE 12 @ i
i 2 72 S102 FEAS TR FTRE CTdn 5 Z & DR T & 7,

FeMALIEE

4 3.3-20 5@ 7 v LI XY —T 12kg BRIERLER% Oy AR O Wi TEM 5B

/\
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COR R

30 nm BE

3.3-21 &M@ 7 x T v XY —T 12kg FBEALERIE O FYER O W7 i W7 i O
EDX A4 v 7a 77 AL

N
> Ve X
P L8 A i R
T LG SN o
ky' Ef“;‘"f“
S 4

3.3-22 M@ T XU ¥ L XY —T 12kg RIFELLERSE O ¥R O Wi D
A A e ORI O HERR

84



3.3.3. EEMRERIC X DM - B - ANV—T v M ORRIE

BIERRGGIERE & WO THERRIEIE R 21T - T2 IR O Rtk - 38 - 21—7 > RIC
DNTIHERD, KRy I VEE, BXOT7F vy I —2E2 -
BPERRGEA AT 722, 22 Cld, A—"y MIRERBAMERH D Z &5,
FIZTF v I XY —TOR IOV THERD,

(5]
BIEMGEE O T 2 v L X T — % W TRER L 7230BHT S L TR b7 i
SRR K OVEXERFEDRERE R 2 3 3. 3-6 12",

# 3.3-6 HPEMGENE TIER L 72 RUB ORGSR E TS L OV SURFME O T E 7 2R

IHH D] T XL Y —pkER%
s SRR LR (A/m) 612 598
E e auka ifith £ (V/mm) 357

Aafedl U3 BHE ., MERE I B VLTI, 7%V?»*## T DR E%
ckwfqgmt%Mﬁiw%mkﬁb FRRERT D DIARIE AL e o Tz, —
J7. BEREEICB W T, HoRENSHER TE 72,

[#]

Sl THEFITE R TR S 31T D8 OB T EEIZ DWW TR BICEHAT 2, &¥
(X, ABALERRTE OB RO B REOZENSEM L, 72720, RLEICE
W CRRIEALER B ORREVERT R O BRI, REEMER K & T ORMIISIE K STz
Si02 BOERDEH & 72> T 5, fiE- T\ BRIBLER OB R 0 B 1%
:@SmMﬁ®E%%ﬂD%wfﬂwﬁéz£ﬁ%é % 3. 3-23 12 Z DAEEE

B DMREETRT, K3.3-23 18T &L 912, BRITETHRKRTH L L E

Ltoit\%¢®$ﬂﬁ D50=10 1 m, &%@ﬁ X0 R ST Si02 o

PRI 3. 3-13 5[] 3. 3-20 T/R L7 TEM R 2 324 T 20nm & ARGE L 72,
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S102fi5JE
20nm $i02

PAVRES
10 um

v

*MRIT R TERR EE L CRHE
Z Ot
AR D ERIFED50 = 10pum
TR SN AHS102EE = 20nm

2 Lz,

3.3-23 HHEHEIZB T A E

FEOBED T T, R+ L EH 7= 0 D Si02 BEOERFE IR D L H IZEHE T
x5,

4/3 X w X (BRI TO8 + Si02 fBE) ° —
4/3 X w X (BRI 10 4%)° (#3.3.1)

(3.3, 1) ITEROBEHEHEOAXTH Y, ZHEFET D & AFELEIC LV E
RS A7z Si02 FEDKFEDEEIN/3 AV 3555, Z D AVIZ Si02 DLE % )T
HIZETHMR LRI FHT- D IZRE ST Si02 DEENFHRER IND,

AV X Si02DEE = R LR+ IcliESn-sio2oEE  (X3.3.2)

AT, AR o (U3, 3. 3) I & 0 BT & 72 0 IZE EN DM IR oK 75 A GRS
60

LXIVRLN S E oV /NN gAY VNN VA o
= 1/ {4/3 X = X (BRKIFO48) °) (3.3.3)

F72, UTFTOGES. 3. DIk BN EELHZY OREROEIEZHET S,

86



BN EEOHTZO OMKOKIE =1/ RO E (;3.3.4)

ZZ7T, (X3.3.2)EH3.3.3)ENTAZ L THEHAMEEL-VITHKRIE I L
Si02 EHENF DD,

(£3.3.2) x (X 3.3.3)

= R LRI F+H7- 0 ICEE S 7- Si02 DEE X BBV ICEENSH
RORL1 %

= BAIARFESH 72 0 TR S 72 Si02 EH i (#.3.3.5)

IH1z, (303.3.4) & (K3.3.5)2NTHZ &L THNEEDHTZ Y OMKIZHES
iz sio2 EENG LD,

(#:3.3.4) x(:3.3.5)
= BVEEH D OMIEROKRE X BEAAESHZ VIS 7 S102 E&E
= W EEH- Y OB RICERKS L7z S102 & (%,3.3.6)

ZD (K 3.3.6) DENABALERIC LD HIIN L 72 Si02 BE &b, - T, A
LB DMAOEEN G (3. 3. 6) DIEZEI D S\ EHED, BT 5 O
MR TOEREDOETITHYET D, o T, BMBELE TR 5B D
HEXBUTOLIICHEAETE S,

FRBSALER THRIZ 31T A48 (%)
= (IERT OO E R / WRIFE% O Si02 2 & F R WIWIADOLOEE) X 100
= [BERTOMEOER / {(REZOMIEORERE X
(1/ 1 + BfiHEEH -V OBEKRICHEE S 7z S102 &) ] X 100
(:3.3.7)

ERRo (3.3, ) ~GEN3. 3. DITKRHAR Yy hINVEE, BIOT XU v /LI

—IEETOREROBE AR L OB E, MR TH D807 DE, Si02 OLE
DEERAN L THEEFHE LR 4R 3. 3-T 17,
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% 3.3-7 BEMEHEIC X A EHE

RKEAY FI v TXL ¥y LI FH—
B isf AN & (g) 7022 12136
¥ AR BN & (g) 6976 11740
SR A D S EPRL - £8D50 (1 m) 10
Si02JFE (nm) 20
HlgdH7=0 D
Si02H I & (o) 0. 00426
SRR 7 D L E (g/cm3) 7.5
Si02D bt (g/cm3) 2. 65
H 82 (%) 98. 9] 96. 3

F3.3TICRT LT, BEEMIFHE LTKRERy 3L, BXOTHF2 v L
I XY — TR ELER 21T > e RO BE T Z I F 0, 98. 9%, 96.3% & 72~ 7=,

[(2L—7 v 1]

WIT, BEMRIELE LTRKERy b3, BIOTF V¥ /L 29— Tl
R 2 g UT-BRD 2 )—7 >y MZOWTIkR%, Z—7 > MILLT O (K
3.3 L-TEEHETHZ ENTE D,

AN—""y § = MEBEAE / WIEBEADGEIGE T £ TOEERR ORI
(#3.3.8)

O KRy FINDEGE

KR >~ I VT Thg OERBEMERMARIZ 5 U CEUBEALEL 21T - 72356 OBk D
FNBRLED B A DRI GE T F TOBAEEDOPTERM & 5 oz Ar—7> b
[ZDVWVTE 3. 3-8 [T”d,

7 3.3-8 REIARy FINLDANL—TF v |

KAAR Y ~ I

AL & (kg) 7
¥y« SR AR (min) 15
¥R IF ] (min) 60
[B] U g ] (min) 20
g7 % - [EIYRERE] (min) 55
A)—"7"> b (kg/h) 2.8

#3.3-8IZRT L 9lz, KRy b I LZMHH LT Tkg DBEDBIELER 21T
STBE . BIEKOBANSEINGE T TOANL—F v ML 2.8kg/h L7227,
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@ THRUXNALIFT—DLEE

T ¥ ¥ L X FH—T 12kg ORIEHEMAIZ T U TR 21T > 72356 O
RO ABIRE HMADEINGE T £ TOEEEOFTERE LS b A L—7
v MZOWTE 3. 3-9 1T,

x£3.3I9T7FXFTv AN IFHh—DRAL—T v K

TEL A S XY —

AL & (kg) 12
¥y« 38 P ARER] (min) 10
3 i A& RS IRE [ (min) 5
R IRF ] (min) 60
Hiz SR RE ] (min) 50
AR (min) OKA) 15
[E] Y B RS (min) 10
ANV —F v b (kg/h) 4.8

F3.39IRT LI, THRIUYAIH—%2H LT 12kg DR Al EALEE
PATo 2% 6. RO ANGEINGE T TDOANL—7" M 4.8kg/h & 725
7=,

PLEDORERENS, 7F YA IFH—DRL—T vy MIKBRy hI DAL
— 7y FEREL ER>TWA Z L 2R LT,

W L AN—T" O T OBLEING RIUR y FINVETHR v L IFH—I
DOWNWTE L O REF 3. 3-10 1T,

#3.3-10 KRRy FINETFRT Y LI FH—DHRE L
AZN—"" DL

KRR v b IV TX xNIxHY—

(%) 98. 9 96. 3
A)—"7" > b (kg/h) 2.8 4.8
B X 2 )—F > bk (kg/h) 2. 77 4. 62

ko, B EARL—Ty bEEHITE DY IEROBIEDEINEIZIBUVT
B, THFRUA LI —NKERy I NNERKREL EESTWWASZ L 2MERL
7~

89



< EPEMRGIO®RE >
WIZHEAERE (CERR 30 4EEE) OIS L A MGIEIE AL T1E b 5 7- BpEfRaE
Dl & 3 3. 3-11 1”7,

# 3.3-11 EFEMGERE D i

O HAAFD @KBLF~D @) — itk @uE OB | @ TROAK
FE i wTHEME BRI AT REME [E]% o> Zh 4tk A[RETE
1. BiiPEg A A A A
(H304F L K i)
BRI - Fe0n I & 9 PN TR D B KA TR IR, PO
YA XL biT & % R AT AR T A XIC k&R 5 AT Y — DA
[T ) BRIER DY, AT A
KL T- LT C
BIED /3T 7 X R4
1
. KRRy I O A A A A
i
: WIER =D L & D PRHEMEC Y AR ORI BIE. PO
i & BRI AT R, RShARY  BREREIT 5 AT Y — DR
BT A9 LT PR P
S WD 3T Y X Rk
%2
W.7% ¥ 3Ix9— O [®) [®) ©) ¢}
B RPER G — D RIS BRI EE e i N T W DX A%
- ) R, Kie  WHET 57200 AR ST, YEMNTEDOE E
i WAEKBTCH  HHEHBUC LY EHRTBNE LIS VR CX DD
. BHE - RIS AIGE SRR, BkOEIRA e AT - RO
W - BIED 737 7 X Hifil il A fiE
’ %3

X1 (Hg TKA$E  htips://www. askul. co. jp/p/3752958/
¥2 ik Wy 7 kA S AR — A—  https://www. mm-tec. jp/products. himl
X3 iR TS AR — AS—C  http://www. e—sugiyama. co. jp/products/mixture/axialmixer—60th. html

WA N—T"y b E WS T2 AFEMRUANAOIHBIZOWTHRER Y kI ve T
XUy NI XY =D AT oA RIZ DWW THE 3. 3-11 ITESWTHAT 5,
9. OKREOHBALFLOFEHATREME L V) ST, KRy hI LT F
¥ IFXY—H, EHICEERT — KIS LTERERT A AOIEEN TR S 4
TEVEL TRV, RICOKRRLA~OREBERIREME &0 ) T, KRy R

NDOYE, B—T7 —OREEREZHHEICTH I LT, BEENHDRE i A
ZORIFTH, mOINZEDAR Y FIVNEBEZY - TR 425 & FiF CHE#gd
HZLIEHLREIIFRIEEEZILND, —FH, THF v LI X —DEAIL,

HEENEOJEE B OPRNTFEL TV D720, BRI CKTFE T H
BERDHDLRELRRFVA ZXORLAFTHIBEPET LR TELLEWIHIFIENH S,
@ — B & 5 Tl KRy R IVvogE, fil Uz @i EEE 21T 9

EL X332 TRLEE I BRBEN AL TCLE S, ZOIMONE ClIitixixs
BT DO FEAELICS KR dled, REDIEXLSETDRKNE D, —J,

TRy I X —ORAT, EENTOMmICELAHIET 57200 F 3 v X
ERFEI D PR M AT BN TWD, ZHUZ L D BLOFRAETIE S b2,
P —REED S TEN TS, [X3.3-24 127 F 2 v /L T —DEBENEHOE
HERT,

90



% 3.3-24 7 X ¥/ Y —DIEENE

I DIERE O BHED BN OZhE3EME, © TREOEME ATREME & W\ 5 R TiE, KA
RNy b INOEE, RELEEEDOAT U =0 LR RS T 50, Al s
DFEIZEVSEEL TOrOoMmEERINT 20 ERH L, —FH, 7F ¥/ IF
TF—DHEIE, BIELBEZEORAT Y —%  ETOF ERGNTHIET 52 L0
BTHD, ZOTORBERIFZRET 23X MO, #RIFIZA T Y — 24k
THREDTFMEERKT D ENARETH D, SHIT, THFIY LI XFH—0
FEIEmIIN 2R OICY o7 X5 2\ RN S HEEIC > TnWh, ZLTZO
EEEMOR FHZRKT 52 & T, WRBEOBEEENCLIVEL LR D
FNd 5 Z ENTE D70, AR OZRME R E, TF v LI P —0
HLIR1E DA DRI EZE DOREF- %X 3. 3-25 1281,

E / " § b
4 : s

[ 3.3-25 7 ¥ ¥ /LI X — D% OBMARDRIESE DT

91



U _TERL DT, B, Z—7"y MIMA TR~ 5 rTRENE,
Py — 7o plEE BN ORYERME, TREDEMS ATREME /2 ik 2 e BRI A B £ 2 TH
JE LR R, EEMGER L L CET F oy VI —28ET D,

iR RL TR 1T 5 S102 FRiEFbR £ OMEH

AN—"T" s OFHIIZEEE LT, #faEIEA LRRIZI I 5 S102 FERRE O
AT S TmNAE LIRS RAZ DN TR R D, FEFE (PR 30 42%) OELY 1A T
B D HFEIETZ L D TIEMFEIZ BT, sBEALERZ (2 S102 OB 1-23%H & L THT
HT 25 E WD BIERRAEL T\ e, ZORED Si02 F&H# O Wi SEM 55 % [X]
3.3-26 2R,

5 1 150004

bol

7

i
Si02%7%# (RIE%300nm

10.0kV x15.0k SE(M,LA100) C T 3.00um

% 3.3-26 RYMEALEL % D S102 5 O Wi SEM 5B

3.3-26 [ZHBW T, KRRORKI 25 S102 FRIETH U . £ DRI 300~400nm
Thb, ZOSI2EEIIKRDEIRAI=ALTRETIHLEEZLND, O
R~ S102 BRI . ) V=T WAED IR RN D B L7z e %
T UfERE G Ry TRRET D, @ZOF DT IXAK T THIARZR I OFRLIK
DKEEEE & DO TORKMEE KN Z VRS L ThRREZE S Si02 KL 72 b,
@ Z DR, AFEERIZLE R B EORRR &S FRFELTWD & T
At DOM CTHAMEE RIS E Z V. Si02 ki & L TR TIciri+5, 2ok
D72 S102 FRIENFEL TV D & BEKEHEDME N3 2720, BRALER TR IZ 35
WL Si02 ZRIEIZFTRER IRV BRETH Z EDRLEE LV, T2 T I0HIE, K
PEAVERAZ AR PR L 21T O TR Z BN L7356 & AL TRICB W TR
HAEZMME LT-SBED 2 507 7 u—FOREHERIZHOWTIRR 5,

92



< ML D S102 FEIE R OS>

AN LB 2 S102 B A BrET 5 51k L L TOmE L EE, @A 2
R OREREORF 21772, ARE LT, 2 E TORGE R UL
B10um DKT h~A Xz L, KRy b LT kg ORI L CTaMBALL
BEiTolc, TN OB DA Z U —IZ%F LT EFLD 2 O FRERE
DIZHDIEEELTH T & T, Si2FEARETDHI LN TEXDHMNE ) D EfER
L7z #Hii G5 & LTk, BB EAT - -1 OBR D RS, 2 VERL L C¥ri SEM
MR A MR L=, F72. Si02 5% & St DRI ORI 1D AR~ ~ EDX HIE &
179 2 & Tl 21T o 72,

@O =57 B

[EBRNZY]

- FEBRKHUE
#3.3-12 0O 5O D&M

7% 3.3-12 OB
ESLONNESGEONNESGEONEES(EONEES (S ONEESEO)

SEAIE S (6) 500 500 500 1000 1000 1000
VEBERRFE (sec) 30 60 180 30 60 180

#3.3-12 2BV T, LR L ERERRII WD TR B EARE WIS, BED
SRUNVITHESRIE L 72 D,

- FEGIE H
Wi SEM
EDX (A& 1)

[ 2Bt ]

] 3. 327 IZO~@%RE L T, MO L @D L7 BELERTE DRy R D A 5
O Wi SEM OfE R A 7R3, Wrmm 28122 L7zfE R, X 3.3-27 T/RL7Z K 5725102
FEE OB OM HITHER TE Ao Tz, 72721, Si02 FEENSBE Tl 72e < B T
HLTWADAEEES H 5,

93




F 2T, X 3.3-27 128 T Si02 7Rl &R YA XD D DRL 12D
WT, ARy N EDXIZ XK DM 21T o T fE A X 3. 3-28 12T,

Iy 1

&0 i
=N E - 50068
VERERFRE : 30see

{5 B 000 g

%‘JTB

36))
PRl )
VERE RIS - T
23R 1 15000/

,% ZMOARIR 1
*

EDX CHLARSI T I ‘_

NN 150000 WD:203  ——] fgazn WD: 19.2
4 3. 3-27 /L5y Bt O RMAR D R L oo Wrifi SEM B E

GHEOQARy h1 5900

FH@AR Y M1 6461

[ C K-25.95%
@ O K-9.50%
[ SiK-5.45%
[ FeK - 59.01%

0 C K-11.36%
@ O K-13.88%
SiK-10.15%
[ Fe K- 64.61%

FHE@AF v b2

@ C K - 24.59%
@ O K-15.3%
SiK - 8.97%

@ FeK-51.14% |§,

%] 3.3-28 A b EDX (2 & B HLR% A5 BT ik 5

X 3.3-28 (/v &K 91T, EDX oM &4T o 72T ORI FIZB W T Ry & L
TFe M SNz, 5T, ZTIHORFIESI02 FZETIT RS, 7/ A—F
I A RO AT T S102 BEASFRIE S 7R 772 S HEI S D, S OB
ST, B bEDBETRE DTV FAEOIZIB W T S Si02 FRIED R CE eh o

94



=2 e, AR LTESMO~OD 2 TORMIZEBW T, Si02 FEEDOFRZE
NAETHDHEEZDLND,

© A
[ BRI ]
- EERKYE
7 3. 3-13 DO HOD A

% 3.3-13 AiBDSEM:

aaONE S AONE S SONNE S GSONNES (SO S GO E S 0)
JFIR A8 HY HY HY HY HY HY HY
U > AP el ([a)) 0 1 2 3 0 0 0
U R 7 U —PEEE (8] 0 0 0 0 1 2 3

£ 3.3 13BN T, U AL, RIEAWEO T —FITxf L Tm® /) —

W ENBIR LT AR ZER L TS, £z, VAT —k s, Bk
AWED T —FITxF LT, =& ) — VR THSBT 2L EERL TS, F
21X, VAT Y —P5% 2 [BT> T D RFE@OSL AT, THKRAiE—7 —%
[EN—>x % ) — VR CTHSEH () AT ) —)>AiE—>r —FEIN—->=% ) —/LH
THZH (Y AZ Y —)=>AiE—>r—FEI, WD ZT> TV D, 75T,
FHO~DTESHRENEMHIZE, AHilb (PE) OMENRNGEEL R D,

- FEGIE H
Wi SEM
EDX (A& 1)

EITTEES|

4 3.3-29 IZO~@DEREL T, FHO LD ELDD AIEALEE DA D R i
O Wi SEM O R4 7R3, Wrmm 2 8122 L7zfE R, X3.3-26 T/RLU7Z X 572 Si02
FEOILONT TR CTX 2o dz, 7272 L, Si02 FESHE Tld 7 < BT
HLTWDAEEME S & 5,
2T, X3.3-29 ITR VT Si02 R &R A AN D ORLFITD
WT, ARy b EDX IS K DM T 24T o 7o R A X 3. 3-30 127”7,

95



U7 1 71

Al HY

D 25 —YiH 3
f 1150001%

5 -
251 O DRl
o) gl
L3

~ ED)&L‘%EEE S50
EDX CHELRR 53 #T

_ f5%:15000 WD :18.3

= 3 =8
[EENETENNN (215000 WD:18.7 [T (215000 WD:17.5

4] 3. 3-29 Ailatk OBAD AL O Wi SEM B E.

FAFDAR Y M soss FHFDAR > b2

2%

@ C K-11.98%
@ O K-10.36%
@ F K-4.25%
SiK - 6.95%
@ FeK - 66.45%

@ C K-16.72%
@ 0 K-11.94%
SiK - 8.42%

@ FeK- 62.92%

Atrda FKIDAK Y 1

[ C K-24.42% @ C K-22.32%

@ 0 K-19.95% @ 0 K-8.22%
SiK - 8.60% SiK - 6.36%
@ FeK-46.94% @ FeK-63.11%

6.36] 4
= [8.22

%] 3.3-30 A k EDX 2 & B HLE% A5 BT it 5

3.3-30 (TR T L 91T, EDX T &AT o 7T ORLFIZB N TH ERS & L
TFe MR SN, - T, ZNHDORFIESi02 FETIE /RS, F/ A—F
It A ZOPUNRERRLFIZ S102 JEA R S ki 172 HERI S 5, A RIOR
I, D AWIREDOFTOERHFOIZE N T Si02 FENHR TE o7 2
EMD, AEREF LIESRHEO~DOETORMIZIBW T, Si02 FEEDFREN A
BT EEZILND,

96



< ARIEALEE TR 361 2 FRIE I A= O il O Fa gt >

PR BMEALEE TR 31T 2 BRI A O Ml O FHE RIS DN TR 5, AR
AL T AR W TR 27 5- L 722V il el 7 o v e 3 S S O 3842 B R 2 i) 5
HZENTEIUL, SI2FKBEORAEGH S Z LN TE H720, Bl L7z AL
BRIZRIC SI02 SR 2 bR ET D TRAKNSANE L 72D,

S102 ki1 DIEAT DR LER D S BUREE & TEOS DFRFIRE DO BIMR A X 3. 3-31
29, TEOS DMK FRIZ K DEILERRLF~D v Y 1 a—F ¢ 728N T,
S102 K123 B THr 9% TEOS DFRFUREE CT (mol/1) & FRAbEbL + D 4 iR
CF(mol/1) ORI R EARREENH D . Z OEMRO Tl EIE TRl 21T %
X, VU TR O ES I ENTELZ ERMBEN TS,

801" 0. NH,:2mol /1, H,0:7.9 mol/1
®@:NH;:1 » ,H0:7.9 ~ /
F @:NH3:1 2 ,H,0:140 ~ O

or ®) o

A
o

Cr(x107mol /1)
N
o

| ’/8 /
4
,2”
ot
P /

I
0 5.0 1
Cg (1107 mol/1)

Lo}
o

|
0.0

0

Fig. 4. Relation between the limited precipitation concentration
of TEOS (Cr) and the dispersed concentration of ferric oxide (Cy).
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HLHLB, PFTHLHEHEHTNE] iX%—/vt/szlbéo
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X2 Z EMAREE 72D, Mik&IZ T E/L T 7 AT 1,500 H/kg F2EE & 72 D, TR
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ERFREBE TH D Z Db, BAOILR A, 2025 4£121, 155 290 t
DT %U< & ED, 20t OFELE FRiAteZ LR TE 5, Mk A4 XL LTiL, 50
pmPh ETHDH, 10~20 p m¥ A ZAOREROT /7 fEGmREZFIHT 52 & T,
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108



1 @ 20184EEE
Rl or 821 [
50 4+ R 23077 t
E HNER % —
o TENT 7 AT
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BsD ) A AT T2y — N TH D, /A APRHEIL, *EHE
BECIE TR S TR oz ) A AR EE TR SNZHEC, &0
DA RDFENMEE SN TWEALRE L LTSS,
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fih AL B O FEAM RS B2 3% 3. 6-2 1R, RO IAREEL LT, Bk
FEARKEME L UC, SEM E[{8, ¥ RORIER (D50%) | FRBES). AR E 2 B 4L
FOEFE b U7z, SEM B 2 fEs8d 5 &, AfEA BN B HASE E & B AR & [
FEDOY A X, IRETHHRTE TS Z ENbn5D, kit (D50%) X, Btk
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ETH D 720A/m e L, B S +0RE IR e D B2 5, FFBERE
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SEMHi 2
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o Fe f A ORE AL EE L, X BREIFTEEE I K o TH O o KBk X #RIE]
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« ARERPEED XBREHT M OFE R & X 3. 6-2 12, B AEMEND X BRI 4T DAk
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x5, MM bEOBEHFIEIILUTO LB TH D, aFe fifmfHOEIPT /2 —
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HAETLHZLICE-T, MmbEREOND, BHMEIORSILEIX 77[%], A
HAEOFE SRV E1X 39[%] . B MBI OSSR LEIX 27[%] Tho7-, F7-. Fhdh
PEE— 7 OEME )G Scherrer DA W T, fEfaY A X2 L7z, BfH
BOfEf A R1E 150nm] . A fEMFEFORE STV A X1 9[nm] . B (LA RO #E &
F YA XL 7. 4] TH o 7o, A B BT, 7L T 7 ZAMEIO T
AR LE MRS, fhg A AN SL< o TWnBH EEZILND,
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HAEA R, A fERTE, B HASEF O INEEREE & i O BIfR & X 3. 6-5 (2",
AR RO INBGREE 13, RS OB/NEEN S 450°CE LTW5, L2 A0, B
HA R R CIRE CUASE 2 BT 2 & | (RBEI D /N 13722 B 720, A fAS
BEOLRWE 135/ & 72 B DIX 410°CTh 5, BAEMBIOLREE 105 e/ & 72 5 DI
430CTH D, Lizho> T, MEFZ EITMBVEE 2 Kb 325 2 L1k 0, B
FEZUET D EDRREEE XD, MHAMEHIT BT 7 AMEL DT80, #E
mfb 3 tEde & REEN DR E L 25720, bR EZ R VIEE TN % =
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4. EKBEMESSEE OMIRILIC & 5 EFEREE

4.1. EREMEORBIRE

HREENE B AT O DEMERBR ORE RIZ OV TR ~S, &ERiE. OF
TRAERER, OMIRKERR, OAER (t— oA 271) B, OmiE&Emin
AR D 4 TR DEEMERABR 21TV SBNES SR RIS I 1T 2 BRI DRI 4L
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O EiEE R
X 4. 1-1 12 @R AGE R O R ONR EE 2R3, miliugE R & L C
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600
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L CEDORAEDH A TR,

* RFAEE H
(35 V)
2

[FBRE ]
4. 1-8 12 2000 BEfE] F TOMMRDOLRREE T DOFRE R 23, (RS O
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