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Overview of the Project

1. Background and Objectives

Carbon fiber reinforced plastics (hereafter referred to as CFRPs) are fiber reinforced plastics that
use carbon fiber (hereafter referred to as CF) as reinforcement. CF exhibits excellent characteristics;
its specific gravity is 25% that of iron and its strength 10 times. Due to its superior characteristics,
CFRP is expected to expand its demand in the automobile and other industries in the future, and it is
expected that the CFRP dumping amount will increase with the increase in its use.

At present, with a characteristic of being incombustible, CFRPs cannot be completely incinerated
unless they are incinerated in an electric furnace. This presents the problem that remaining CF (=
unburned CF) makes the electrostatic precipitator (EP) and bag filter faulty, and some incineration
facilities, therefore, refuse to undertake disposal of products that uses CFRPs. Since CFRP waste is
occasionally compounded with other materials, it is hard to sort them. Therefore, there are increasing
cases that those CFRP compound wastes are unexpectedly incinerated in combustion furnaces other
than electric furnaces, and expected to increase troubles in EP accompanying that. For this reason, it
is necessary to develop a device which does not cause troubles to EP and bag filter by collecting
unburned CF generated at the time of combustion, so as not to impede the expansion of CFRP.

In addition, CFRP has CO2 emissions per unit of weight during production as large as 6 to 10 times
that of iron, 15 to 30 kg-CO2 / kg. It is said that adopting CFRP in passenger cars etc., could reduce
the CO2 emissions by achieving weight saving and improving fuel efficiency. However, in order to
advance the reduction of environmental load throughout the entire life cycle of CFRP, realization of
material recycling of CFRP is also required. We can also expect recycled CF materials to be
supplied at a lower price compared to virgin materials.

It is assumed that it could lead to an improvement of troubles of EP as well as a reduction of CO2
at virgin CF production and lower cost of CFRP by utilizing low price recycled material, if we can
recover unburned CF and material recycling of recovered CF.

Therefore, the demonstration project aims to collect unburned CF which causes trouble in dust
collecting equipment in the preprocessing dust collection process which is the pre-EP stage, and to
develop intermediate recycled base material / molding using collected CF.

2. Project Overview
In this project, with the objective of collecting unburned CF, which causes the EP to short-circuit,
before dust is collected with the EP and developing recycled products based on collected CF, we
decided to address the following two challenges:
(1) Construction of an advanced classification system (pre-precipitator) to collect unburned CF,
and
(2) Development of an intermediate recycled base material/molding appropriate for the length of
the collected CF
In association with (1) the construction of an advanced classification system, we developed a
pre-precipitator, an equipment to be placed before the EP. As the pre-precipitator, we considered
three types: cyclone dust separator, scrubber, and equipment based on electrification and a mesh.
In Step 1, we put unburned CFs with three different fiber lengths (3 mm, 12 mm, and 50 mm) to
determine what collection rates (i.e., dust collection rates) each type of pre-precipitator achieved for
the fibers with different lengths. In Step 2, with the objective of conducting demonstration under
conditions closer to the actual furnace conditions, we mixed dust (dried ash) with unburned CFs with
the different fiber lengths to evaluate how much each type of pre-precipitator separated unburned
CFs and dust.
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In association with (2) the development of an intermediate recycled base material appropriate for
the length of the collected CF, we prototyped an intermediate base material using the collected
unburned CF in (1) as a recycled material and molded that base material. We mixed the collected
unburned CFs and nylon fibers (PA fiber s) into a test sample, and then opened it and mixed fibers
using an opener. After that, we made nonwoven fabric using a carding machine, and then molded
that fabric using a molder. We considered applications of that molded product by comparing the
physical properties between the molded product and a molded product based on virgin CF.

3. Construction of an Advanced Classification System

The dust collection test using only unburned CF in Step 1 has revealed that all of the cyclone dust
separator, scrubber, and equipment based on electrification and a mesh could collect almost 100% of
the unburned CFs regardless of the fiber length (3 mm, 12 mm, and 50 mm).
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Figure: Results of the Dust Collection Testing in Step 1

The dust collection test based on unburned CF and dust in Step 2 used a cyclone dust separator and
equipment based on electrification and a mesh. A cyclone dust separator uses centrifugal force to
collect dust. The cyclone is a system for collecting dust by centrifugal force, and the inlet flow
velocity is usually set in the range of 15 to 25 m / s. The higher the inlet wind speed, the lower the
dust collection rate of fine particles. Therefore, in order to increase the accuracy of classification of
unburned CF and dust with different particle sizes, the inlet wind speed is lowered to 8 m /s, which
is 50% of the normal specification. In equipment based on electrification and a mesh, mesh opening
was changed to improve classification accuracy of unburned CF and dust of different particle sizes.
The results have shown that while the cyclone dust separator collects as much as 60% of the input
dust in spite of the changes in the air velocity at the entrance, the equipment based on electrification
and a mesh collects only approximately 1%.
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4. Development Result of an Intermediate Recycled Base Materials /Moldings Appropriate for
the CF Length

In the development of an intermediate recycled base material appropriate for the CF length, we
mixed the collected unburned CFs in (1) and nylon fibers (PA fibers) into a test sample, and then
opened it and mixed fibers using an opener. After that, we made nonwoven fabric using a carding
machine, and then molded that fabric using a molder. We compared the physical properties between
the molded product and a molded product based on virgin CF and based on the comparison results,
considered applications of the recycled product.

When compared to the product based on virgin CF, the molded product based on only unburned
CFs did not show a significant degradation in physical properties, with its tensile strength/elasticity
and flexural strength/elasticity maintained at 80% of those of the product based on virgin CF. With
the same mechanical properties as materials for automobiles, the molded product was determined to
be usable for automobiles.

For molding consists of unburned CFs and dust, it is required that the ratio of the dust mixed into
the intermediate base material to unburned CF not be more than 1 to 1 in order to secure the physical
properties of CFRPs. In the dust collection testing on the equipment based on electrification and a
mesh, the dust collection ratio was improved down to 1% of the input dust. However, in the first
place, the amount of the input dust was large and thus the ratio of the unburned CFs to dust was 1 to
2 in weight. In making the intermediate base material, however, dust came off, which promoted
further separation between unburned CFs and dust, resulting in a weight ratio of 1 to 0.3 within the
target range. As a result, the molded product based on unburned CFs and dust exhibited physical
properties (tensile strength/elasticity and flexural strength/elasticity) almost the same as the molded
product based on only unburned CFs.
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XUnburned CF + dust did not conduct physical properties comparison with virgin CFRP.

Figure: Comparison of Physical Properties among Molded Products Based on Virgin CFs, Unburned

CFs, and Unburned CFs + Dust
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*Unburned CF + dust is the result of 3point bending test, the others are the result of 4point bending test.

*Unburned CF + dust did not conduct physical properties comparison with virgin CFRP.

Figure: Comparison of Physical Properties among Molded Products Based on Virgin CFs, Unburned
CFs, and Unburned CFs + Dust
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Figure: Comparison of Physical Properties among Materials for Automobiles, the Molded Product
Based on Unburned CFs, and the Molded Product Based on Unburned CFs + Dust
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5. Reduction of CO2 Emissions

Based on past and present statistics about the amount of CFRPs demanded, the amount of CFRPs
(to be) dumped in the world was estimated as 13,400 tons in 2017, 20,700 tons in 2020, 42,000 tons
in 2025, and 99,700 tons in 2030.

Given that the material recyclable rate of CF is 0.4%, which is the previously verified collection
rate of CF in CFRP combustion with a fluidized-bed furnace, it will be possible to collect 54 tons of
CFin 2017, 83 tons in 2020, 168 tons in 2025, and 399 tons in 2030.

Based on the result that recycled CF can replace virgin CF according to the demonstration
conducted this time, the amount of CO2 emissions (to be) reduced were calculated based on the
amount of CO2 emitted to produce 1 ton of CF as 1,072tons in 2017, 1,656 tons in 2020, 3,360tons
in 2025, and 7,976 tons in 2030.
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(1) Estimated global amount of CFRPs to be discarded Estimated global amount of CFRPs to be collected and of CO2 emissions to be reduced

Figure: Estimated Global Amount of CFRPs to Be Discarded and Collected and of CO2 missions
to Be Reduced

6. Project Feasibility

In this project, it is possible to collect unburned CF which becomes a problem in EP and bag filter
in pretreatment dust collector. Moreover, in terms of environmental aspects, it is thought that this
will lead to the solution of CFRP penetration barriers by preventing dust collector troubles. Since it
was confirmed that unburned CF can be collected under conditions assuming an actual furnace, it is
considered that there is a possibility of dust collection even under actual furnace conditions.

Degradation of physical properties of dust-collected unburned CF is limited, and it is within the
applicable range of application for automobiles from the viewpoint of mechanical characteristics. As
for the dust affecting the physical properties, it was possible to classify with the pretreatment dust
collector, and additionally it was confirmed that separation (spontaneous dropout) was possible in
the intermediate recycled base material/molding step. However, the actual composition of ASR is not
constant, and dust collected together with CF also has a different composition. Accordingly, there is
a possibility of restricting usage. Therefore, it is thought that it is necessary to proceed with work
including dust collection of unburned CF generated in the actual ASR combustion treatment facility
and environmental analysis of substances including those collected unburned CF. Based on these
results, we believe that it is necessary to continue evaluating the application development study for
civil engineering applications where waste materials and others are used.

7. Results of the Project and Challenges to be Addressed
As stated above, ASR incineration facilities use different furnaces and each of them, on a

moment-to-moment basis, uses different combustion systems and conditions and burns different
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combustibles, thus yielding different combustion residues including CF and dust. In this project,
referring to the fluidized bed furnace where the confirmation of unburned CF was the most
confirmed in past projects, a dust collector was assembled and a dust collection test was conducted.
Although the testing was not conducted under the same conditions as actual furnaces, the project has
verified that the dust collection system is effective. Toward practical implementation in the future, it
is required to work together with manufacturers that own incineration furnaces to verify whether or
not the system can equally collect dust for other furnaces, including fluidized-bed furnaces, operated
under different conditions such as temperature and vaporized substance.

The developing recycled products as well as the testing material assumed a fluidized-bed furnace.
This presents the problem that as a recycled material, it was not produced under the same conditions
as actual furnaces. Furthermore, the testing used only one set of conditions. The demonstration
project conducted this time has verified that a molded product based on unburned CF yielded under
almost the same conditions as a fluidized-bed furnace exhibits a certain level of mechanical
performance. For practical application, we believe that we have developed a pathway to develop
applications based on collected items from actual furnaces. On the other hand, the classification
property of CF and dust is different each time, thus the property value may change each time.
Therefore, it is necessary to continuously verify the product guarantee of the recycled product in that
case, the range of physical properties resulting from the difference in classification properties, and
the content of harmful substances. We also believe that revealing them will be an initiative for
commercialization. Besides that, there is a risk that the volumetric content of CF will change for
each molding operation. In deploying applications, it is necessary to advance the intermediate base
material and the review of the forming method preparation together for each development, and
realize a stable CF volume content.

Table. Future Prospects for this Demonstration Scope and Commercialization

The scope of this demonstration (Task) Future efforts for commercialization

= In this demonstration, we could not incorporate a pretreatment dust | m With regard to the dust collection system, we confirmed the
collecting system into an actual incinerator in terms of time, so we effectiveness (dust collection of unburnt CF of 10 mm or more which
assembled a dust collection system experimentally and conducted a becomes a problem in post-treatment dust collector) by this

dust collection test. demonstration experiment.

m It was not a test under the same conditions as the actual furnace, m For practical application of dust collection system, incinerator makers
and the condition assumed was also limited to one condition of the are required to participate in the demonstration to verify that even in

(1) Construction of
advanced
classification system
(pretreatment dust
collection facility)

R fluidized bed furnace. other furnaces including fluidized bed furnaces with different conditions
for recovering m Since the demonstration was conducted by the test equipment, an |such as temperature, vaporized substances can collect dust.
unburned CF economic analysis when installed in an actual furnace has not been m The cost-effectiveness of the entire system when installed in an
carried out. actual furnace was analyzed.

m It was confirmed that certain mechanical performance can be
obtained for molded articles using unburned CF which was treated
under substantially the same condition as the fluidized bed.

mFor the practical application, we will proceed with environment
analysis to confirm the physical properties of collected items in actual
furnaces and whether other harmful substances are included.

mBased on the collected items from the actual furnace, I saw a
pathway to advance the application development for practical use.

m Since the physical properties of recycled materials influence the dust
component and the classification property of dust, they may be
different each time. Regarding the product warranty of recycled
products, it is necessary to be investigated after investigating the scope
of the physical properties.

m In order to realize a stable CF volumetric content ratio, it is
necessary to review the intermediate base material and the
preparation method of molding in accordance with application
development.

m In this demonstration, the test materials (unburned CF, dust) are
(2) Development [simulated by assuming a fluidized bed furnace.
of a recycled m Therefore, it is not the same condition as the unburned CF - dust
intermediate base |generated from the actual furnace, and the assumed conditions are
material adapted |limited to one condition of the fluidized bed furnace.
to the collected CF | m In the actual situation, the change of dust component is expected
fiber length according to the condition of the burned material.
m The CF shrinkage percentage of the molded article was not constant.
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ERRORE R G ARER TIXIRBURE 2 DHEH S D # A2 S OYERifE % 20~30pm Aijf%
EIRELT, RO 7747 via (FARIK) 2R Lz, ¥ A NOSMBLL OFLR A X 2-4
[ N

SEVER (wikg)
B 281

2 %328 B8

9 PRSI R R TTT A adaia Ry gy
ol 2 3456789 T 3456789 20 156749
10 w 1w
RiE z (am)

2-3. 5L A s DRI AT B
H : TEREEE O LVRBE T 57 (1999 42)

20
22|
65 msio2
22 B ARO3
Bre203
4.1 B Ca0
1.7 mTio2
1) BMgo
0.88 @503
0.33| BP205
O Na20
0.33 B30
0.59|
1.3

2-4.4 2 s OIMBL L AELAK

HBL : SERASARNY = AT A RBRE Y Y 2—32 9 V&R
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728, ASRIZ L - TUIAEIOFFECTH AT K721 CTle < RBEREIK T4, kiEh:
DIEENRH TS DD BEESNDLN, KA CFIZHE LG A, RIEDKRELL LD, LV
LELLT D LEESIND, AENTMEIRIFORELZ S L, #IK A5 2 & T,
R CF O U ¥ A 7 )VATREMEIZ DV TRRGE L 72,

2-4. XA MLFRCF OLLR

KK CF LRIER O X A N OBLE LR Gl EORBEIRIF TOEERE * 225 & L, &K
CF 73 0.4%IZk L THX A F%& 99.6% & L7z,

XIRIEE TCFRP &% ASR OFEIF(LICBET 55T (2016 )



3. HILEEEREDOHE

3-1. EE2KT7o—0KRE

(1) DR CF ZHEET L1200 DEENR Y AT DAOREEELT D 728, /IR TRk
fifi & BUER . RIK CF OBEBEEFEZATV, B AISH Lio~7 U 7 U %A 7 LD AlhE
P& T L7z,

B 3-1 1R T K D ICA R L7z iR BB (1L, A2 T8, A o mu | HE+A Y
2D 3 HKNTHD,

FPUT/NBBLFRAGE ORREIC R U GRBRISE O 2K 7 1 — 2 OWTHRET L. EEMEK
DREEITH T2, RBREBEORKR T 0 — %X 3-21273 T, KK CF 2 AT H7 DDA,
ATALEREEBERE . W7 7 VS bR SN TW\W5, ¥ 7 ME, 1 7 n34)EE S )T
FIE LT, 2R TIEHE 2,000mm, £ 6,400mm~7,200mm T 5,

AT oHET 4 —FERAOTHRR CF KOF A a5, RILEBICHS 7 7 v &
B L. 7 7 VEESEGHENC X 0 EEFEEATEE (10~30m3/min) 725%Et L L7z, A
ETEBE TR R CF LOF A MO ZETod, 74 VX 2f%iE LTz,

PRS- BRI T 8 HFRDOFEHEZIT 9 72010, S RTALEE BELE B T T LASH S Al E 7R
i (770U AV L L,

IrY @R

Y490 53R A1\ AR e+ X1 AR

B 3-1.ATEGE TRl 24T O AL AR EERE A 2
i : SHES T — Y AT D RBEEY Y 2 — 3 VR LD REFEFIERTER



6400~7200

1200 ~1300 : 1000~1200 [ -s#ork—=

r==—=—=—rlrssmngd - " i

1

1

1

1

1
F—R | oxH4— T4NE—

z \!

1280

-
1239
1280

Py

7Y

3-2. HERKDOT O—

H . 2R =V AT AR Y Y 2 —v 3 VER

& 31 FPEEORARE

#159./m°N
10~30 m>N_/min
Xm3N : 0C1SETD 1 m3DHAS

il 2SI AN - AT A RREE Y U 2 —v 3 UEEL D RERAFIEITER

# 3-1 \ZEBRIERE O ARG &~ T, BRSBTS IEGHERE ) & 7 7 U RE B ERGE
{To7lz, EEIZEE L TIE 2015 £ 0 NEDO THEhELIC V&1 5 R EMHEE S B O
U A 7 VBT DT O CEIE L EBEFERE BB, ALV B E N O R
WA IEICA DY D720, 10~30m3/min O#IPH CREFEEIT-7-,
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3-2. HIALERELEEIE 3 HRORE - BiFt
A B O FRFETRRET 21T O AL EELEE 3 7 UK &2 RIS,

3-2-1. A rmv

YA 7 v FRTEOCNZL D XA NEEET LN TH D, VA7 v TROERET
A A= SEEMRR, BHAK 3-312, MBEEO ARG 2K 3-4 1T, BwHYA 71
O NAFHEIT 15~25m/s OHIFH TEHE S5 728, FK 25m/s £ THRERAREERRE I &
L7z,

mm L 2250,

——
.

A0 =

n_
2

- 2
F S S °
=
=
,‘; rJ
/7
X =
WA A= KB EE

3-3. A 7 v DERTEA A—Y, (PR) EELK (F) TE

i : =AY =V AT AR Y Y 2 —v 3 VB

3-4. %A 7 v ORERIEE KRG

H : =AY =V AT AR Y Y 2 —v 3 VER
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3-2-1. A7 IR

AT FNFATVEFEIZL D XA NENERE LTEEBTLHFATHY, AT LOER
W, T AL, BREER SIC Lo, EEMRENRET 5, AFEIETIE, HERET
EREARER L ANV AR T 528 & Uiz, £ L7 CFILY v 7 b ikRZ, 7 41
HEBLTCEINT D, A7 T NOERETIEA A—V, EEEE, TEAX 3512, RBRiEE
DA %K 36 12T,

KECE

A0
o &

CF|

B 3-6.2 7 T \OREREEE KB

H : =AY =V AT AR Y Y 2 —v 3 VER
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3-2-2. HBEE+Av I =

M+ A v v ald, FERONTHRNAMEEAIZRD E 91 CFDOME 22 THRED
Ay v a TEBETLIHAT, FAMIEBISNTICA vy a2@ild 5, HERmE GHE,
FE) RA vy EITL - THEBMRNRE S,

WX T, #E200mm, £ 200mm, X 2m OE X7 hNE L7z, FEZEMEED
72, e X7 MUEIZHER ZRE Y A7, T A =2 FEE (BUE, #FERH) . A v v
=DM (HBHE) & U, o TRE Bl St 2 et L7, s+ A v & o OEEHEA A
—v, HEE, FEZX 3TIC, RBREEOSRGEEM 3-8 1R, WERAIHLD =9,
BHT 7 U NVERHWNCAZ 7 NERWELT,

ey L

B 3-T.4E+A v v a DERBTEA A=V, (PR SLELRR F) 5E

H : 2R =V AT AR Y Y 2 —v 3 VER

X 3-8. &+ A v o = OREEE MG

H : =AY =V AT AR Y Y 2 —v 3 VER
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(1) KBk CF ZAEET D= DEESR Y 2T ADOREETIZ, STEP1 & 1* STEP2 Dk
Bz FEhi L7z, £ 3212 L7z STEPL OFBRTlL, A7 I A7 m | WE+A vy
= CTENEI 50mm, 12mm. 3mm OFRPR CF OEERBEZ1T->72 GH9 ¥ —> : FEfE
T 1~9), KR CF ARITHT D AT RELLE TORMR CF ELEELTLHK L, R
CF OERERAZFR L, LRl 3 AN OEBEEDOR oI A 7 7 %8R L, 50mm,
12mm, 3mm %ZZETORA LK CF TOEBERBR LIT-o72 GE1 3% —r @ FEiEE
5 10),

# 3-31Z7 L7z STEP2 Tid, STEP1 THRERRE Moo A 7 v LOHE+A v
BBRELRBRAIT o7, KIRCF LOX A MERALIEHEIZBRAL, RIARCF EX A D
LR ORI CF & XA SO IEZFHE L7z, 72BH4HK CF & 4 X h DR TEE—
ATHRIECF % 0.4%. X A N & 99.6% & L7z, Fit 2 X TENE4 50mm, 12mm. 3mm
DOFPR CF L OF A N OEBEHRZIT o7z (FEF6 /3% —2 @ FHjEF = 11~16) . BITRR
CF & X2 SO fEEN @ - T2 E+ A » 3 =228 TC 50mm, 12mm, 3mm % %535
IRA LT2ARBE CF L OVF 2 b DEBERBR 1T - 72,

# 3-2.8TEP1 KWk CF O - FEE

3mm
A5 12mm
50mm
3mm
B40> 12mm
50mm
3mm
BE+AYII 12mm
50mm
v1o0> 3mm. 12mm. 50mm

R REFRE G FERTERK

O |N|O|N|R[WIN]|—

jure
o

# 3-3.STEP2 Kk CF+ X A b - £EJE

11 3mm

12 10> 12mm

13 50mm

14 3mm 0.40%
15 BRI 12mm

16 50mm

17 BE+ Y1 3mm. 12mm, 50mm

L REFRE G FERTERK



3-3. STEP1 R CF O A - £B/HER

3-3-1. A7

SR L7z L1 A 7 U idm@ o i k0 XA N E4EET 5 50T, ADFEEN EE
TBET DRSNS K IR D BRI BT AN, HOREL EoEHIZAR S Lo
ELAVCHEREME N3 2, A 7 v U TIX AR EAZ 8 m/s, 15 m/s 25 m/s & 28K &4 3mm,
12mm, 50mm K& OVEA fh ORISR 2 520 U 7=, sRBROFE R 2 % 3-4.1% 3-9 12777, 3mm,
12mm, 50mm, JEA OARK CF iz, HE TIEIE 100%EE A HETH - 7=, ADHE 8 m/s
® 50mm DARKL CF OEEERER CTIEX 3-9 OAKIRT L H I —E DR CF (0.0731g)
MW ANZIMELTCLESTE DD, FEEHEIT 0.3~0.4%REDKTIZHEE -T2,

%% 34V A 7 TOEBERE

STEP1 : B4/0>5AX

HIES
CFRS mm 3 12 50 BE
ACE m/s 8 15 | 25 8 15 | 25 8 15 25 8 | 15 25
fizg m3/min| 3.6 6.8 i 11.3 | 3.6 6.8 | 11.3 | 3.6 6.8 | 11.3 | 3.6 | 6.8 | 11.3
ALCERE g/m°N 1
CFtfamsR min 5
CFitiaE g 16.87 | 31.63 | 52.71 | 16.87  31.63 | 52.71 | 16.87 i 31.64 | 52.74 | 16.87 | 31.63 | 52.71
J\V5—CFit&R |g 0.003 {0.0013:0.0001[0.0136: 0.007 i 0.0008|0.0731:0.0006:0.0005|0.02710.0004; 0.0003
EER % 100.0 | 100.0 {100.0 [ 99.9 :100.0 :100.0 [ 99.6 :100.0 100.0 | 99.8 {100.0 | 100.0

il s =AY = X7 ARG Y U 2 — 3 3 VEERD D REFR AT FERTERL

100.0 * ﬁ Q
99.9

99.8 .

5997

%99.6 A

%99.5

1:99.4 € 3mm
%993 @12mm
99.2 A50mm  —
93.1 ®EES
99.0

0 5 10 15 20 25 30

ABQFRE(m/s) % L ponnd
470> DA AEEEEEEZR DR FR KB I1L5—RiEE (CF 50mm, 8m/s)

X 3-9.% A 7 v TOANDREEEEROBR, () 7 4 /VH¥OT
Hl : SR AT = 2T LA RBREE Y ) 22— g VIEED B REFRFEIFIEETER
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3-3-2. A7 IR

AT FNZEBWT AR B REEILE (X7 L —8) O%a . JEHIE 1~2m/s, KT A
e (A7 VR A E[m3]) 2~3 O#PATH D, BENENTE, EoET AN KE
WEE, BERENM BT 5720, RERTITR Y A 5.0 DEFIZBWT AT T A SNEME %
0.5m/s, 1.0m/s, 1.5m/s & 2L &4, JA# 1.0 m/s DSIEIZBWTE 2R A A% 3.0, 5.0,
7.0 CHAFI L 3mm, 12mm, 50mm OAWE CF OHEREERER % Ehi 7=, # 3-5, [X3-10 12
RTRIICARTZ TN Y A 7 m LR MR 3mm, 12mm, 50mm DAL CF % 100%
HEETE -,

#* 3-5. A7 TN TOHERERR

STEP1 : Z75)\AR

EiES
CFRS mm 3 12 50
295\ m/s 05 [ 1.0 [ 15 [ 1.0 [ 10 [o0o5 [ 10 [ 15 10 |10 o5 [10 ] 15 1010
A& m3/min| 7.5 | 15.0 | 22.5 | 15.0 | 150 | 7.5 | 150 [ 22,5 | 15.0 [ 150 | 7.5 | 15.0 | 22.5 | 15.0 | 15.0
SRAZLEL/G - 50 | 50 [ 50 [ 30 [ 70 | 50 [ 50 [ 50 [30 [70 [ 50 |50 |50]30]70
ACEE g/m°N 1
CREHaEE g/min | 7.23 [14.47] 21.7 [14.47[14.47] 7.23 [ 14.47] 21.7 [ 14.47[ 14.47] 7.23 [ 14.47] 21.7 [ 14.47] 14.47
CFHRESRI min 3
CFftiaE g 21.70 [ 43.41] 65.11 [ 43.41 [ 43.41 [21.70 | 43.41 ] 65.11 [ 43.41 [ 43.41 [21.70 [ 43.41 [ 65.11 [ 43.41 [ 43.41
J4)5—CFi%E& [g 0.00010.0002]0.0116]0.0053]0.0001| 0.003 | 0.0005] 0.0003]0.0011] 0.0001[ 0.0007| 0.0002[ 0.0001 0.0003] 0.0001
ET=4 % 100.0 [100.0 [100.0 [100.0 [100.0 [100.0 [100.0 [100.0 [100.0 [100.0 [100.0 [100.0 [100.0 [100.0 [100.0
B 0 SR NY =V R T AR Y ) 2 — ¥ g VERD B R BRI ERL
100.0 ﬂ—ﬂ—k 100.0 7ﬁ77ﬁ**ﬁ*
99.9 99.9
99.8 99.8
99.7 99.7
A 99.6 Q 99.6
£ 995 & 995
EE
% 99.4 ¢3mm %= 994 ¢3mm
_. 993 @12mm o 293 @12mm
0, ~
% 992 A50mm 99.2 A50mm
99.1 99.1
99.0 T T T 1 99.0 T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
R9Z/ \NEGE (m/s) L/G(L/m3)

AI3)\NRR SRR DR R

L/G(RIVE/HAE) LR DR

3-10. A7 T3 TOHEER R
Hl : SR AAT = 2T LA RBREE Y ) 22— g VIEED B REFRFEIFIEETER
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3-3-3. HE+AY V=

B+ A Y2 TR, Ay PaDAREEEES L2 & TRENGMOY A X (hifk) %
Bl EHZ M TED, AERTIE, Avy=a20HBE%E 2.1mm, 55mm, 3mm &%
b S HEERBR AT 72, B OFE 2 % 3-6. X 3-11 12777, 2.1lmm D A v ¥ = TiE 3mm,
12mm ORSA CF (2, EE TIZE 100%EEAIRETH L Z & 2R L7Z, 3mm DA v
2 Th, 3mm, 12mm, 50mm DR CF HCEELLL TIZIF 100%HEEETH » 7=,

A a2@BEBEN 5.5mm Tl 3Smm & 12mm O FRBR CF OEBERNE T LIz, A v
Y2 ®HEBE 5.5mm (25175 3mm @ CF OEEHBEOE T (XA v a KT L ¥—)
#[X 3-11 OAKITRT,

# 3-6.FE+ A v T 2 TOEER R

STEP1 : &&+Xy>1

KAEES

Ay 1 BRE mm 2.1mm (10mesh) 5.5mm(4mesh) 3mm(7mesh)
CFERS mm 3 12 3 12 3 12 50
BE kv 3 [ o 3 [ o 3 [ o 3 3 3

fares ke S 0.20

AL m/s 10

Hzg m>/min 24.0

AOEE g/m°N 0.0040

CHtHars R min 5

CHitieE g 0.4457] 0.4455| 0.4454| 0.4457| 0.446| 0.4466| 0.4468| 0.4477| 0.4471| 0.4468
J49-CFHIEE |g 0.0003|0.0003]0.0007{0.0001|0.1481]|0.1162| 0.017 |0.0033]|0.0016 0
SER % 99.9 | 99.9 | 99.8 (100.0 | 66.8 | 74.0 [ 96.2 | 99.3 | 99.6 [100.0

il s =AY = 2T ARG Y U 2 — 3 3 VEERD D REFR AT FERTERL

100.0 ’——{} s

90.0

)
o
[S)

@ 3mm

' @12mm
A50mm
60.0 L1

20 25 3.0 35 40 45 50 55 6.0
Ay a BEE(mm)

(2.2mm, 3mm, 5.5mm)

~
o
o

(R) Hmm40

Js-mE || ovs-me

BRIE5.5mm, BRIE5.5mm,
CF3mm, 3kV CF12mm, 3kV

311 E+A vV 2 TCOEBEBRERENT 4 VF KA v =2 DOFET-
Hl : SR AT = 2T LA RBREE Y ) 22— g VIEED B R BRI IEETER
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3-3-4. STEP1 D¥ L

P A 7 a T ADEELS m/s, 25 m/siZEV T AT OMHER O RRCFOEERNMFIF
100% Tho7o, A7 FNFEGE, P A IZBEFR 72 < 2T OMHER ORIRCFDOLEE N
1FE100% Th o7z, HHE+A v 2T, Ay a2 HHE2.1Imm&XU8mmIBNTET
DOIHER ORMCFOEELRNFIL100% Th o7, TOFTHRICAZ T NOEBERNE
VMEZ R LT,
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3-4.

STEP2 K# CF+ ¥ X FOFEA

STEP2 DFBR Tl AR CF L X X F O3RN HIF T 2% A 7 1 o R OB+ A v v
2 TRRZAT o7, — RIS AZ T NEFY A 7 L0 bR X A 2L KBTS
2, FRPEENEEZOND, HEFA Y aTEA Yy Va2 ARIAEIZX VRLT
BORIRDAMRCF L XX NOpfktEam ETED EBRT,

341. A7

A7 OB R AT 3-7, K 31218 T, A 7 o OmEEREIIA D EGE 15~
20m/s TEHE S A2, Slal A [ EE 8m/s &l FEAAED 50% D&+ 5 2 & THRE CF &
B AL DGR Z IR L7223, 60%LL EDZ 2 M REk CF L dticEEB ST,

STEP2 : Y4/0>7530

#£ 379 A 7o TOEBERLE

RES 11 12 13
CFRUYRNEM |- CF3mm+42h CF12mm+42Zh CF50mm-+42 K
ACI7E m/s 8 i 15 | 25 8 i 15 | 25 8 | 15 | 25
HAR m*/min| 3.6 | 6.8 | 11.3| 3.6 | 6.8 | 11.3 | 3.6 | 68 | 11.3
CF+9A MA@ [g/mN | 09 | 1.0 { 1.0 | 09 {10 | 1.0 | 0.8 | 1.0 | 1.0
CF+4Z Mit#EBE R [min 10
CF+9Z hCFit#aE|g 29.4 | 62.3 11053 [ 29.3 | 62.6 {105.3 | 28.6 | 61.9 i105.3
CFitieE g 0.13{ 0.25! 0.42] 0.13i 0.25} 0.42]| 0.14} 0.26: 0.42
CF&B% % 0.44 : 0.40 : 0.40 [ 0.44 | 0.40 | 0.40 | 0.49 | 0.42 ! 0.40
WESRERE g 18.11 | 49.25 i 93.58 [ 21.29 | 52.06 | 94.33 | 18.50 | 51.65 i 97.67
J1V5—-CFAiER |g 0O i 0 i 0 [0.0003i O 0 0 0 ! 0
RIMCFEER (% 100.0 [100.0 [100.0 [ 99.8 [100.0 [100.0 [100.0 [100.0 [100.0
HANEEER % 61.5 [ 79.0 [ 88.8 | 72.7 [ 83.1 [ 89.5 | 64.6 | 83.4 [ 92.7 :

it ZZBAN AR — VAT ARREE Y U 2 — 3 a VBRI B R REIF AT ER
*g CFﬁﬁE YAMHBER
100.0 100.0 _
e 90.0 (& A
. N ~
800 , <
o 900 7 700
L 2
§ K 60.0 -—
2 S
= 80.0 & 500
= = 400 -
% © CF3mm+4 Rk o 300 TN OCFR3Mm+SF Rk
700 =—————— ecrizmmi¥Rk | L 0o L ® CF12mm+4¥ Ak
= ACFSOmm+4 10,0 e ACF5S0mm+4 Xk
60.0 == T T T T 1 0.0 ™ T T T . T |
0 5 10 15 20 25 30 0 5 10 15 20 25 30
ABFRZEm/s) AOFRE(m/s)

3-12. YA 7 b TOERERR
Hil : S AN ANT—3 2T LA RBREE Y ) 22— g V&R B KB FE TSR ETER
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CF #f#f: & 12mm+ % 2 LD
0 T EGE DS B C A
RULRE) LML A 7 el L B XA N ER CF OO#RIZOWT, Kig7dE
HfFc&eneExbhnbd,

RERIZ
BPMME T 5205,

BT AWELG OS2 3-13 1277 T, —f%IcY A2
Eie L 5T

HOMERNEEPH T E AL (H

EERROY//0 %S (CF 12mm, 8m/s)
3 13.FEBRB OV A 7 v AR

gt

3-4-2. HE+AY T2

HWHE+A Y 2T, Avyy=20HME 2.1mm, 3mm CTHEERRAT/2-72,

3% 3-8, X 3-14 (TR T,

F I8HE+A Y 2l

STEP2 : HEB+Xv>1

ZHEANNT — VAT ARy

BV Va—va ik

X DRR CF+4 A b D4y #lak Bkt 5

EIES
CFRUGANEM |- CF3mm+4Zh CF12mm+%Z bk CF50mm+4Z b SEE+IRN
Ay 1BRE mm 2.1mm (10mesh) 3mm (7mesh)
ni - EE ‘ 2E15 |1;E§$ 1E8 | 2E18 ‘ 3EE | EE ‘ 2B | 3EE ‘ B8 | 2E18 ‘ 3EE | EE ‘ 2B | 3EE
BE [ 3
B s 0.2
AR m/s 10
fiZE 3/min 24
CF+9ZAMALRE |g/m°N 1.00
CF+492 MRS | min 3 5 3
CF+5Z hCFt#aE|g 67.34[ 112.19] 111.88| 67.17] 67.19] 67.23] 67.27] 67.39] 67.3] 67.25] 67.28] 67.28] 67.3] 67.32] 67.38
CFftiaE g 0.27] 0.45]| 0.45] 0.27] 0.27] 0.27] 0.27] 0.27] 0.27] 0.27] 0.27] 0.27] 0.27] 0.27] 0.27
CFaa% % 0.4
Xy amER g 0.363] 0.5552] 5.3635] 0.3237] 0.3073[ 0.3088] 0.7089] 0.7062] 0.6128] 1.084] 1.656] 1.1253] 0.7843] 0.7822[ 0.4992
J4)V5—CFiEE [g 0.0001 0 0] 0.0039] 0.0026] 0.0073[ 0.0006[ 0.0013] 0.0016 0 0 0] 0.0022] 0.0017] 0.0008
SRIACFEEER % 100.0 [100.0 [100.0 [ 98.5 [ 99.0 [97.3 | 99.8 | 99.5 [ 99.4 [100.0 [100.0 [100.0 [ 99.2 [ 99.4 [ 99.7
YA NERER % 0.14| 0.10| 4.41] 0.09] 0.06] 0.07| 0.66 | 0.65] 0.51] 1.22] 2.07| 1.28] 0.77 [ 0.77[ 0.34

il . ZEANARY— VAT AXBEE Y U 2 — v 3 VEERD DRI R EIF IR ER
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FKIRC Fﬁ%% HAM#SRE

100 Z ‘ 100.00 -
e 90.00
90\0 4 80.00 4
o . 270.00
& éeo.oo
E g0.0 E£50.00
* % 40.00 - OCFE3MMF AL
” @ CF3mm+A A+ — g
% R %30.00 - @CFI2Zmm#S R —
~ 70.0 @CF12mm+& Ak - N X
CFSOmmiA R 20.00 T ACF50mm+¥ Xk —
= ACFOmm 10.00 G ' I
600 | | | 000 = b *
10 15 20 25 30 35 100 150 2.00 250 3.00 3.50
w2 BEEZE(mm) (2.1mm. 3mm) Ay a BEE(mm) (2.1mm. 3mm)

X 3-14. #HE+A v ¥ 2T X D ARR CF+4 A b D45k Bkt 5
Hilh : SRS RTU = R T AREEY U 22— 9 VBRI S REREITZEITER

U

SEEREDAYS IR

BBdE2.1mm, BRIE3mm, BBE3mm,
CF3mm+42k,3E8 CF3mm+42K,3E8 CF50mm+42h,2EIH

K 3-15.HE+A Vv aDA v 2D

Hl . ZZEANSRY— VAT AR Y Y 2—va ViR

Ay 2@HRE 2.1mm (28T %5 CF3mm+4 A s OEREEER Tl ki mooT
1EE (X2 NMEER0.14%), 2BH (A 0.10%) ORBRFEG & H~T, 3EIBIZBNT
A NDERERN 441%I2H 2 TLE -T2, ZHUTHRR CF BAX A IV b il
TLEW, Ay T aZzB N, XA NRFENEZ RolobHfESND, ¥ A MOk
RO TMRKE LTA Yy a2 HE % 3mm (SRR S W72, FomBk R3IEs >
SHIREMEDRN D D720, FIRMFT3RIFEMLTZ, A vy adDHBEZIR SRR, R
CF & XA M Do #YEN I B L, & TOMHER DOAREE CF+ # 2 F O3 #aRBRIZIB N TH A
N DOEBEEN 0.5 % ~2%ICE TR TFIEL 2 LN TE, HEOEWILDZ Ay v ad
721X 3-15 1TRT,
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3-4-3. STEP2 Dk L%

STEP2 OARPR CF+ & A N DERERRTIX, 11 7 v LB+ A v ¥ 2 TEIEZIT>
Too WA 7B ANTBEONZIV XA N EZEET LA THY . ARFHITEE 15~25m/s
OFIPHCTHE SN D, ADREA ORI 2R A DEERMNMET 45 2 &b, ki
DBRIR DA CF & 4 A N Otz msh 5 72O AN 1 G 2 @ # Ak D 50% & 72 5 8m/s £
THFFTRBREIT o7z, HE+A v 2 TE RFRORRLKM CF & ¥ A N Dok
B LD, Ay aOHBEEELE L,

ZORER, A7 v TIEANREZ 8m/s TTTFIFTH 60%LL EDOF A N EEEL T
LEo7N, WHE+A Y V2 THEHA A NDOEERERN 1% D2 LN T,

3-5. PBILEBEBEEDCEELILY
% 3-9 (2 AIALEE Ut T 25l &2 7R3, KA CF B o £ EEME X 8 H3ticEhTn

Wed, AN EDRBIEITHRE+ A v v a B bBENTND EWIRERE 5T,

# 3-9. FRATALERST U % 5

RIACFOEEM O O
HZE DT HRIE X x_ (H#ETE)

R REFRE G FERTERK

0|0
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4. FRCFHIZ X 2HHEM - R RRIE

(2) #£EEL 7= CF R ALY V1 7 VM CR#AR) OB EIT -T2,
4-1 127779 K 912 CF & PA fllik 2 KFndé T.0> Op-200 # A4— 7" —CRIflk - 1R A L 724,
Wil ) >y —T v U —M18S-400 Bl i — NHEIZ X o CHRIEER & VERL, oA %
BT L ARRIET D 2 & THCR (250mmx250mm) D RIEAL AR M CFRP) %7 fE L 7=,
W= CRIZ XD & . RIK CF 12 X A0 Ot 24T 0 ~T7 U 7 v U A 7
LD RREMZREt LT, EIAHEA S 4-1 1073, 2o B0k B LRI CF 115 & 4
RO TN (A7 7T WE+A v v a) ORBEMZFM L, AL
7= PA #li#£13 EMS-GRIVORY # Grilon (38mm) T# %, PA X PP &3 & A EAits N2
boign—H7T, PWHEEEL<, FEEAEED PP LY b2 diEE LT,

RIRCFRU
(F) FAO> kM

A=TF— (—REEE) H—Rig (TRERER) i 24174 24,77

4-1.FEEM . IR ahel TR
il - REFREF AT FERTVERL

A 1HLEERIR CF 2 K 5 U ahidlE

....].'.8...... 3mm _._._._._.___}_\‘:::{“_2._._.__._._.
19 EEERMCE
..... .2_0_._._ 12mm ._._._......}.S‘.T.?_)._._._._._._..
21 EEEERIACF ENO] B4R #25%
22 40mm N=>> g (40O 7° VARYFZ
23 EERACF )
24 N N—>> (BRESZE)
25 e SERRIACF
26 SEE+HAN EREFRIRCF+HAN —

YGRS 3mm. 12mm. 50mmaOCFhSES

L REFRE G FERTERK
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4-1. FUPREMRE

# 4-1 TR L2 FEZRERBR O AN P EM OIER I E O 2D 5720, 7L 54
BIEEIT o7z, £ 42107 T L) ITHHERA 10mm D"—2 0 CF (FHHEBRO) &H%
PR CF (Fhiisdir®@) & M T CF OEES AR 35wt% O RNAT DVERL 21T 78 o 72, RBR
CF X 800°CT1MIMIEL7-bDTH D, B THEM L= — > CF, K& CF, PA
HEA X 4-2 12RT,

F 4-2. TR EE A B

FHAR|CF  [RURT/00SC-1250C  [mRloom
® | FAO 4 |[EMS-GRIVORY&Grilon fit#ER38cm
i ERLRT700SC-12K-50C
FRBRIFACT  |xsoocimpmn, pnmonmsia 7 [P0
FAO 4% [EMS-GRIVORYZ&Grilon fFER38cm

L B A SR i Bk

10mmOEKACF
(800°C T 1 BFREIANE)

10mmo/\N->>CF P AR

X 4-2.3— CF, KBk CF. PA flifk
HE B A LS R
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HFE Eb OFETIEIX 4-3 DA — 7 F— (1 WS K O 4-4 O F1— FEE (IR
EHOWCEIEZITo T2, Bl — FAOESEM 13, 74— Fe—7— (fi555) #E 0.5rpm,
K77 (EH) #HE 5.0rpm Th D,

WMONIX 4-5 OIERKTTHE 1 O X 512, CF & PA iz  JRE A b8k 2 4 —7F
— TRk - IRA L7k, I — FRRIC X > THRIEM 2T 2 FTETH o722y, Tiaki
OQDON—=2 2 CF 13N < . K 46 IR LTEL A —TF—DT 4271 —
WCHETLT (BeE-7C) LEoTz, EHHZEAHEL, CFAE2ZDIT (50%) AL THIHE
HEMEZRIELZN, RITVAR=V U CEFRELTLEI DR FELEH L,

FAHHRBRO D/ N— > CF KO PA #ifEIC L 2 FRIZEMER TIX, T34 —7F—7T
PA ORf A% 2 BiiET 5, =0 PA Rl 2 foMIc & D \—2 CF Z#esH 1 — K
WMERZAT o7, Z ORLE SN TR S HIEED CF 28T, 71— REIZNT THIE
b a ek Uiz (1 4-5 O P REEMER T 2),

TFAHRERQ D AR CF KU PA #HMEIC & 2 PRIEMIERTH, 5134 —7F—TPAD
AR 2 eI E T 5, O PA Rl 2 M OIC 228D CF #4A T, 71— REEIZT T
HRIEA 2R L7z (X 4-5 ORIIEMAER 5 3),

F4vaTl—h
A—TF— (—RERME) : AFIHET 6 Op-200 B!
X 4-3.4—7F— (1 IR
B A 2 k)

Layuge
nam R— -

h—R#% (TRfRM) : BEd/>9—-J1>33 - M18S-400 B4
(J4—RO-5— ({#£#8) =E 0.5rpm. RJ7 (XH) ZE 5.0rpm )

X 4-4.7— FH¥% (IR
B A 2 )
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—4u—

PATREAT
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X 4-5. PRI MR
B - B AR R SRHE I 2 R & REFRE I ZERT R AR

- " ® a0 L
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X 4-6.4—7F—DOF 43 21— FEIcEEE 57~ CF
HB A LS 2

VERR L7= M I3 5 CF A REZWE Lz, MIEFIEIE, B LRGN S 7 v
Z BN 10 EFT A2 ROVEEIT 1g TOOMMEZ BRI L, HIRIZWiL, 7 K7y o
KL-160 BIESHF T 600°CT 1 WRJMLEE L7-%%, EEEZHY . X 47 ORI SEE
BERERM L, ZUIES PR RER 431077, THABRO & TR x
g U7z & &2, TARBR@OAKEE CF DI 5 DR fERBEEN R -7 2 &b, BH O
% LI CF &, PABONDZR) ol Wz b, ZOHERKE L TKRE CF OIE ) MBfpkiZiz >
TWAH7H, I— FAEIZHE L Wz B2 Db, T2 TsBROB L@ H i EEH
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DEEX#K 4-81Z:7, K CF 2 W= TR D A D1F 9 23 CF & PA flHEN
L VIRA LTV,

AARFAE  (0)= [ + DA (1)
= (CPRMA® %) x CFaEE  (g) ) +PARIENR) x (1 - (CFEEE (g)) (2)

PA 100% .

CFiiif 100%

PRI = -
CPRIZR %) O (9)+ 1(g)
e _ TRfmERRE (9) -
CFEaX %) CFEEE (g) - 1(g) x 100 (4)

X CF =R PA=FAO>flliE

X 4-7.CF &8 =X03HA
L B A T 2 ) B R BRI ZE TR AR

7 4-3. T el R

REHOAR|  [RABE () | 250 | 250 | ..
FhEtER| \->> | 5009 BESHE (Wt%) | 50 50 | onmi
@ |CF+PA|frmESR 2 () 171 | 189 o
72% - MEVER CER
360g a2 (Wt%) 47.5 =
AEHEAE _ S‘EJ\EE(Q) 250 | . 250  [REACFDE5H'
FimslsR | RIACF | 5009 HBESESE (Wt%) 50 50 [#BIRICHOTVWB
@ | +PA GifFmER| o |EE (@) | 216 [ 229 |E®. h-MuE
4459 82 (Wt%) 48.5 —  |[oELTLE,.

B - B AR L SRHE I 2 R & REFRE B I ZERT R AR

OOHFEEM QOHEIEM

X 4-8. TRk L 0@ D H 1 FAS
HE B A A S
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4-2. HREMRAE

4-2-1. HREEEMERL

FEA O CF il E RS AR 35 wth%x HIE L., /S— 1 CF, & CF. K CF+4
A MT X D HHEMBRIEAE T2 5 T, FRFEM OMERR G IE K O M O CF it H &0
TERAER 44 1TRT,

K 4-4PRIEMAERE K O 56 © CF e & A &

CF PA . —
miss| | BAE | BAE R Cﬁﬁﬁfﬁi;ﬁ .
(g) (g)
_____ 260 | 200 | B@ASERRRSE3 | 30%
18 N—>>CF [X4-5{Epk 5553
3mm 375 | 200 | o crea375gIER) 37%
19 FRIACF 260 200 X4-5{Epk 73353 47%
.20 ] tomm |LAZZXCE | 260 | 200 | BA-SIERRASES | 53% .
21 RIRCF 250 250 4-5{Fpk5E1 37%
22 50mm N—>>CF 250 250 X4-5{Epk %1 44%
23 FRIACF 250 250 [X4-5{Epk5E1 42%
24 | \=>>CF| 250 | 250 B4-5(FR A1 42%
o5 R TR | 250 | 250 | ®4-stERAEL | 45%
o o 250 i .
2 | mash | smcr |20 | 250 4-5fERk7E 1 -

YCEA : 3mm. 12mm. 50mmaOCFAEERES
L B A s BB B R E IR ETERK

4-9. 01— F¥sDT—H A D FITHi%E L= CF
Hl . B bR S
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R 3mm DO/3— 2 CF. 3mm OFRHK CF. 12mm DO/3— > CF KON PA fh#Elc &
R EMER CldA—7F—DF 4 v 2 7 L— MEBOBRBIC CF 3k £ 0 | A —7F—»
il Lic, 2072 CF 31— RO AR H DT — A4 CEITND L O, ek L
X 4-5 DVERK 715 3 THRZEM OIERR 21T 72 - 12, FRT X — 2 CFIZMIE 22 5 2 A T
WTBYEENEL, A== — FEOANFICH L — T —ITih> TEEILIZ
W, ZRUCEV e —F—ORNIZEE-720, B—7—O THZEVIBETHETFLLT
STz, FT— RRICEENT D55 TH, CEFREWER 49 IR LIELIICT—hA v
DO FIZ CF A+ 2813 %< . CF &R E 3bwt%ll L& ER T& 2o 72, N—Y 2 CF
&Ll LARIR CF 1 3ihAl b 72 < Rl B A G- S, A — 7 F—72 ECUEL LT < Ae o 7248,
MR 3mm IZHOWTITEEN AR . RERWBRA—TF—DFT 4 v a7 L— MNBIZEE
FoTLE-T,

iR 50mm @ CFITETOFMMEL X ¥ U 7O PAEL OfALH Y | X 4-5 DIE
KFEL THHA—T T = — R CUETE /-, IRE, IRAE+X A MOV T, X 45
DOYERTTIE 1 THEREATR o T2, K410 2R LT X D IIRE + 2 A M X 2 P EA A E
TIEARSL CF LS OB BERO AR (XA ) BRE>THEY, A—TF—DFICHETFT D
KON ERDENSE -T2, 2B FWITEIC 3mm BET 12mm OEWHERE O CF
Tholz, TORRE 4-4 R LK HIZ 3mm D/3—2 > CF LIS, FRIEEH @ CF fifiE
HEGAE 35 wt% Ll E& =R LT,

F 44 1R L2 X912 3mm DR— 2 CF O& HIZED CF it EREA R 35wt % & i
Z IR T2l ¥ CF 25 L (200 g —375g) . X 4-5 OVERK 714 3 TR L 7= A5 5.,
CF &A BN 37T%wt% & 7e -7,

VERR LT ANfAn OSMBLZ [ 4-11, X 4-12 (2R T,

. 1A, i s

A-TF— L8 (SH) A-TH—FE (SE)
4 4-10. APk CF+ & A MT & 2 PRFEMERR OBk
Ft AL A b 2B
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4-2-2. KRR CF (BE) +¥ X MEH PA R OB X MR

RAE+X A FOHEEMIZONWT, ¥R NOEHEREZET D 72 O ARMALRTHE OFEHT
DNTHSE X BT E T o712,

RHEHIRAN LIZIRE+E A S OB Ot X Mo ofsE, C. 0. Al Si, P,
S. Cl, K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Sr, Zr, Ba ZfiL7=, ZO>25C & O
2y 99mass%Z 58 T2, R DOIBAD 72K CFIRA T RIEM & . Rt iEA L
TolRE+H 2 S OMEEM OEE X o Rz L7z E 24, 0.0lmass%ll EEDNH
Lot E Al Si, K, Ca, Fe ® 5 fifiTh -7, NI EZEND C, O LSO ER
TLRIFTZO 5 FELHE L, MR ORR CF+ & 2 FaEHZ W T, Zhb Dt
FOYERIIE (FP IE) ZRE LR 45I1R LT, EOLEIZONTH, Rikfm{LkIC
KIEIZ TN T3> TW e, ZAUFREAIICE D XA SRR LTl B2 b5,

# 45, M 413 12/ LR OBE R OFRFER (A bz O iriE/ Ndambai o) %
T, TOEFEELDLE, TRIZEV T —XITIZOOXNRH LN, ZIUIARHS D5y
MINAE) = TeO EBEZ bID, £Z T, ZNHDE{LEREFEE L7z 0.141 (14%) 76T
B, K 85% N ARREAIT - THLY bRz L HEZR L=,

HIE CF+X A MZ LB MIZ OV T, CFRP Otk & fefh3 5 7=, HREEEMIC
BALTFRSNDAX A NOBEEII AR CF LOXLLTLIUTETLZERRkDLND,
W+ A v ¥ a OEERBRTIE, ¥ A MRARIZHT DX A NOEREREL 1% F TUHETE
T, ZbZ DX A NRAEENREIWNZD, KACF: ¥ A NOEEIT1:2 EieoTz,
7272 U EMVERHIC 2 A2 B SBYE L. KK CF & & 2 N OSBRI AT oI, RIS
1:0.3 L BEEOEEILI T ZERT 5 Z LN TE I LHER SN D,

# 4-5. P ORfAR) o0t X ot
[[JANHEAL (mass%) [ Al | Si [ K [ Ca | Fe [ 15 |

AT 0.087 0.33[ 0.049] 0.043] 0.066] —
A 0.0083| 0.061| 0.014]0.0037]|0.0036f —
MR OEGFER 10% 18% 29% 9% 5% 14%
il - B S R D B REFIRF TR ERL
mass%
0.35
0.3 B AR
0.25 T mk
0.2
0.15
0.1
0.05 -
0 -
Al Si K Ca Fe

X 4-13. HFIHEAT (i) OHOE X AR
H o A LSARHE 2 BERR D> B R EFR B IR ZE TR R
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4-2-3. FHEEMRIEE LD
CF XU PA fiHED I EMIZ DWW T, f#ER 2 50mm @ CF ThHhiI—2 > CF %
FKILCF b LEMTHER L CTRET L ZENAETHLEZZ DN, oL, iR
3mm, 12mm @ CF{ZOWTIFLL FOBMIZ LY TEMLET#H LW EEZ b,
® PA Rfifi T CF 2o 5 TH DN, 74 —FICk D CF OEEMBR EE2RaTL
7=
A, RyNR—GEEV R E N T TIANREL, MR ADBFIEETITo T,
® J— FETHi% T2 CF3Z 7 &5 (KT, 3mm TIEEA CF &D 69%7%, 12mm
TIE 41% D3 T%)
® JI—FNEOARES (T—hAr) EHAES (R77) Il E -7 CF 23, RfkAn
IR ZIAENDGERH Y CF AT T EIMCEF L TCLEILGAEN DD, £
DT %X 4-14 12777,

4-14 8 £ -7z CF Z 5| & A ATIRAE D PRI A4S

—7J7. 8mm, 12mm, {##E 50mm @ CF A - 72iBAEFHEIOSE X, fk#EE 50mm @
CF 100% D% & kI, A O CF S AN 40% 2 B2 D R E6NTED |
Bid% L7= CF &1 3Smm. 12mm & ik LA 7o 72 EHERI S D, 2 iudifER 50mm @
CF 2, HHEDO CFOXx VT L LTEW-7=bEEZBNS,

ARFFECIEL. CF % 800°CT 1 MEfILER L THARWHE CF & AEDOHHER ZR> T 5
Z Wy holz, Fo, MR Smm, 12mm, 50mm OFE CF B LI b DRAR
BT CF 2% 35wt%ll EOHHEM A Ef3 2 2 LR T& 7z, 727ZL, S3mm, 12mm D X
O IREAHER O CF 134 —7"F—TOMENHE LD 2, 71— FET CF OB AT S
72 CF % 2 Kt PA KA CHEATOLERAT D EO TRBULETH D,
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EEROIF THAET 5 AKM CF TR HHER SRS LT D 72 ARFFEICHE L 72308
IR GBS —F B ER NIV & oy, TR ARATLAMT 2 % rIREMEDS
bHEEZDBND,
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4-3. BRELRAIE

4-3-1. BRI SRIERR

4-2 OHEMBAETIER SN e EM 287 L A L, B (BArite CFRP)
RIEEIT -T2, TV ARIBHIIM =1 F7 > F= 7/ Th 5, miROEE L ImHIHEED 2
DO —rEFLTEY, 1 V=0t 125 t Thbd, ZO7 VAKX, <
NENDY — THMNATE B L ONRERIEAATRETH 5, £, MM OB BRI
23— 300 mm DOIEHE T, mHOY Ty Y7 VT T ANEFIRT 0.04£0.01 mm O
HEPR D SRR A F P 2 B D T . 270°C CINBVERERE LTtk [TENB L@ D7
TEMR L, WERABRICET AR L, T0CICmEI S D £ THHAEMKRIE Lz, & 4-6
WCRERIZR BB S 2R3, 72, ARNE T 270CTHIE L7-4&Ac, 7 80°CT 16 Ff
MILL BRI L 3 mm JEI27 5 K 5 ICFifE LI EA R AT 2 F ¥ — ¥ L TR EE
U7z, ERL7ARITERNA A Y EY R v X —ZHOThETHIO -0 D 7 %)
Wr L7z,

# 4-6. ZAT¥AME CFRP 50t

10 1[amt

27
0 30 0[&=
270—70 30 10|f&1L,

HHARL  F A CSERIRHE T X BORE D> & REFIREFT A FE AT IR AR

X 4-15. #\a[¥14: CFRP B (BH—=+o 7 > F= 7H)
i B A S S TR

35



4-3-2. J1FRE ORI 5

B ST AR B TR e, R el (S HERErrRd AG-100kN IS)
VT, BIERBIE, JISK 7164 I[CHEIL L TIT o7, B F A MOGHE IV CotBR A
e 25mm EFICHEN RS &, 2L IS L COPRER L, Yo 7 A
WERBRSEMA2E 4-T 12737, £2, iFRBRICOVWTIE, JISK 7017 (CHEMLL 4 A%

T RBRAAT o2, S BIC, 2Bt & O CTRIRA RO bAZRE L, #F0F74
BRI U, % 48 1T RIS 7T LRI 2R, 70, R4

T 80°C. 16 WffELL L, JBIEREE U - fER0RE O i 2 T PR 2 54T L 72,

# 4-7. BIERBRO Y 7L LB

250 25 3 50 1

B - B AR LS RE 1 >

# 4-8. WhFRERO Y 7L LB

80 10 3 48 2 2 1

B - B AR L SHE 1 >

4-3-3. CFHFEEFHR (Vf ) OFHHERE

TUARE LB, BN OBIENHHE L2 b, TNENOBEAMIZE D CF
DEFEEAFE (Vol.%) ZFHl L7z, HEMmEZBERIIZT 400°CT 15 RERFEIBANE S B 7 B
OB OEBEZN S Vol. % 2 H I Lz, TOMERER 4-9, X416 12177,

TV ARG T DRIOEBEETD Vol.% 1% 25%ICREL TWD Z e, CF OBULEE
HEEOAMIZE D 5T, Vol.% ML TW5 Z Enbnd, T VAKIET DETOBERETO
Vol.%13 25%ICREL TWD Z b, FLARIBEHIBIIE N &M ST 52 & T
Vol.% MM L TS EEZ bid, CF MEERA~ORBIEREIZNE Z 012 < < BEREsE
SRNHIH LT < Ro/e b BB D, KK CF #HWTZBED Vol.%I%, #iHERIZ X
HFN—=T 2 CF ZHWeGE L iR LT, IRVMEZ R L7z, Ziud, KB CF 133K m s
FIAELY Frvivd Z & T, CF fRHER ~DORIEIREI AN S8 U, BTSN~ DRI it A3 8
INEEBZOND, KEHKED CF DAL 7 L AREORIEOWENKENBE T 5 &
EZ K AITICT VA ENTZ%D CF OREE~A 7 v RAa—FIC CTHELEBREE
AT, =V CF ZHWTEAMECIX, CF DB E-> T D DR LT, K
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CF W= EMENTIE CF MAEDS L), NI NTITFHEL TWD Z B0 D, 1t
ST, BULPLI N5 Z &L CRELHAIDERE S CF flfER AT AT D 2 LT KRR
CF Z MW B @RSM~DIRTH 238D Z & IZHEK LT Vol % leotc &
Ab5,

# 4-9.CFRP M+ @ CF & &

N=CFpkfzam |- CFEEBZ2  |Vol% | 44.9 41.6 54 47.7 -
. KIRCFEB= Vol% | 37.9 38.8 41.7 42.6 27.6
YACF R 2 G2 -
RIKCFREAZ R HZANESHEE Vol% — — - - 0.24

B B AR SRHE I 2 R & REFRE I ZERT R AR

Vol%
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55 $
C 50
F o5 - %
o ® =
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fﬁ 30 | ®/N\—TUCF
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B 2 ARBC+ARE
$ 20 } } } T
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CFD it &K (mm)

Xl 4-16. CF O E AR L O CF OffHERE
L B A T 2 ) B R BRI ZE TR AR

Em
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[X] 4-17.CFRP piiein D3 m 55
L B A S )
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4-3-4. JIFFRMEOFMmAE R

# 4-10, % 4-11 (IR OGE Y & #T AR T2 25 & e L 2 £ DT
RAEZRT, 22T, at . ar [F5[5ED KO T?ﬁ)ﬁ%\ Er. Er (3515880 LU IT
PERZ R LTV D,

F7oFK 49 TRLUE CFEAEVol%) %MW TC FEHE L T DA S A3 VI & 25
vol% & L, 1) &K 2) IRV REROEMER L ZNENOEERAEL R Lz, #HE
L7518 0 R OMNITRE 2 Z AV asr  axr, S1IED K OHT MR Z 21240 Exr |
Exrd& LTHERZE 412, K418, £ 413, K 4-18 1717,
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%% 4-11. BTyt CFRP o gl P iR B 5
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2 4-12. X 4-19 ITHEHERFE R (IBFE 25%) & VW CHE L7=8a ¥ CFRP @54k
B R A2~

SIRBRAE (a3%T) 2B L T 3mm, 12mm OFKB CF % AW 7= i fhid s— > CF ikE
SRR L TR 90% D#tE 2448 L T 5, 50mm K OVEA SIS TR T4 5 & O 0K 70%
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