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Summary

FY 2017 Low Carbon Technology Research and Development Energy Program
(Long-term demonstration of 25% reduction of CO2 emissions from general

incineration facilities using bio-coke from mixed feedstock)

1. Introduction

This project aims at a long-term demonstration of technology to achieve a 25%
reduction in CO2 emissions by the partial substitution of bio-coke (BIC; anticipated to
be a new carbon neutral fuel) for coal coke steadily consumed at general waste
incineration facilities using gasification melting furnaces, an increasingly popular type
of technology with high environmental performance and reduced ash emissions.

The project also develops technology to manufacture low-priced mixed feedstock
BIC from diverse raw materials such as waste or unused biomass, enabling supply at
¥20,000 per ton to users 100 kilometers distant when the technology becomes
commercially viable.

In FY 2017, horizontal manufacturing equipment was used to manufacture 340 tons
of mixed feedstock BIC in five patterns of raw material intermixture. In addition, basal
data on the shortening of BIC manufacturing times gained from vertical manufacturing
equipment was applied to the operating conditions of horizontal manufacturing
equipment to achieve short-term continuous production, bringing into sight operations
under conditions reducing manufacturing times by 25%. Progress was also made on
lowering energy and workloads by modification or introduction of new types of raw
material pre-processing equipment.

The manufactured mixed feedstock BIC was supplied to the gasification melting
furnace of a general waste incineration facility (243 tons) and to an industrial cupola
(70 tons). We verified the effect of substituting mixed feedstock BIC for coal coke and
the impact of introducing the mixed feedstock BIC on operations at the facilities, to

summarize the respective advantages and disadvantages.

2. Collection of raw material biomass
In the Yokote City region, we collected and transported seven types of waste and
unused biomass (rice husks, rice straw, rice bran, bark, waste mushroom beds, hog fuel,
and pruned branches) in the respective required volumes for the raw material biomass
collection plan and mixed feedstock BIC manufacturing plan. Up to this point, the

primary raw materials used were rice husks, bark, and waste mushroom beds,



collectible in large volumes at low prices in the area of Yokote. Other raw materials
were collected as replacements when supplies of these primary types ran low.

The collected biomass raw materials were, on a wet basis, about 270 tons of rice
husks, about 70 tons of waste mushroom beds, and about 170 tons of bark. We also
collected a total of about 10 tons of other raw materials (rice straw, hog fuel, pruned
branches, rice bran, etc.). Verification of collection costs in FY 2017, involving
collection, loading, transportation, and personnel costs, was as follows: ¥3,000 per ton
for rice husks, ¥6,000 for waste mushroom beds, ¥3,400 for bark, ¥55,000 for rice
straw, ¥13,000 for hog fuel, and ¥47,000 for rice bran, on a dry basis.

3. Establishing mixed feedstock BIC manufacturing conditions
We trial manufactured mixed feedstock BIC using BIC vertical manufacturing
equipment, to measure and evaluate the properties and conditions (apparent density
and cold/hot compressive strength) of the resulting BIC. We also conducted
combustion simulations and combustion tests with shaft-type large combustion
furnaces, to verify the combustion properties of BIC.
(1) Mixed feedstock BIC manufacturing tests using vertical manufacturing
equipment
In order to collect basal data for shorter mixed feedstock BIC manufacturing
times, for mixed feedstock BIC No.l1 (70% rice husk, 25% bark, and 5% waste
mushroom beds), we set the heating time at about 1,100 seconds, shorter than the
previous heating time of about 1,600 seconds, and set the heating temperature to
taper from a high temperature in the first half to a low temperature in the second
half. We checked the sample apparent density and surface condition, to verify that
an apparent density of 1.2 g/cm® (the acceptance condition for the gasification
melting furnace) could be met.
(2) Evaluation of mixed feedstock BIC
We measured the apparent density, cold compressive strength and hot
compressive strength of the trial manufactured mixed feedstock BIC. The cold
compressive strength of the trial manufactured mixed feedstock BIC was stronger
than the 20 MPa of coal coke. The hot compressive strength was sufficiently higher
than the 0.1 MPa estimated as the load inside the cupola furnace.
(3) Furnace combustion simulation for mixed feedstock BIC
In order to verify the combustion properties of BIC inside the furnace, we had to

develop a new solid surface model taking into account the combustion of volatile



matter and char, and the changes in the specific surface area of the BIC inside the

furnace.

We conducted a mock ash melting combustion test with BIC in a shaft-type large
combustion furnace. From the simulation results and test values, we examined the BIC

rate equation.

4. Establishing mixed feedstock BIC continuous production technology
(1) Continuous production of mixed feedstock BIC by horizontal manufacturing
equipment

We leased a complete set of horizontal manufacturing equipment for mixed
feedstock BIC (rated capacity of 2.4 tons per day) and a complete set of
pre-processing equipment for pulverizing and drying the raw materials. The
horizontal manufacturing equipment was used for continuous production of a fixed
amount of the five intermixture patterns set based on figures from the previous
fiscal year, to manufacture a total of about 340 tons of mixed feedstock BIC.

The manufacturing equipment under normal conditions performed
pre-processing (pulverizing and drying the raw materials) and raw material feeding
under manned operation from 7:00 a.m. to 8:00 p.m., then operated unmanned from
8:00 p.m. to 7:00 a.m. Caution for safety was exercised throughout, so that
production could be continued accident-free for the entire year.

In addition, we used bulk transportation in order to test BIC feeding by dump
truck at the demonstration testing sites.

(2) Optimizing manufacturing conditions for mixed feedstock BIC on horizontal
manufacturing equipment

Taking into account the basal data on BIC manufacturing gained with the vertical
manufacturing equipment, we adjusted the manufacturing conditions (heating and
pressing conditions) on horizontal manufacturing equipment to conduct short-term
continuous production. Even under conditions to shorten the manufacturing time,
we confirmed that the properties and conditions of the mixed feedstock BIC could
be maintained, to bring into sight the commercial realization of 25% shorter mixed
feedstock BIC manufacturing times.

(3) Transporting mixed feedstock BIC to testing sites

A total of 243 tons of the manufactured mixed feedstock BIC was transported to
a general waste incineration facility, to test its substitution for coal coke in a
gasification melting furnace. Another 70 tons was transported to two casting

manufacturers, to test substitution for casting coke in an industrial cupola.



(4) Modification of the manufacturing equipment

We automated work previously manually conducted by workers by changing the
positioning of the dryer in the manufacturing equipment, extending and changing
the positioning of the raw material conveyor, and modifying the agitating blades of
the stored material discharging device to increase the mixing capacity and thereby
verified reduction of workloads.

In addition, we moved the rice husk burner to adjoin the existing dryer so that the
burning of the rice husks acts as heat source for the drying, for a confirmed
reduction in kerosene of about 60 liters per day compared to the previous system.

(5) Maintenance of manufacturing equipment

The manufacturing equipment was kept in good condition through daily

inspections. Further maintenance and inspections were carried out after

manufacturing around 70 tons or when altering the raw material mixture ratio.

5. Technology for the long-term demonstration of 25% reduction in CO2 emissions
from general waste incineration facilities
We conducted a demonstration of long-term stable operation over about four months,
including around one continuous month, for the introduction of mixed feedstock BIC
to reduce coal coke usage by about 25%. Furthermore, for around one month of the test
period, we tried operation with coal coke reduced about 35% to determine issues on
operation with high-substitution rate and established countermeasures.
(1) Design and installation of adopted devices
At the garbage incineration facility of the Cleaning Center, Morioka/Shiwa
District Environmental Facilities Association, we conducted modifications to the
BIC receiving part to accept feeding by dump truck in order to save labor for BIC
acceptance.
(2) Pre-evaluation of mixed feedstock BIC
Performance evaluations conducted on the measurement values of four types of
mixed feedstock BIC estimated that it would be possible to substitute an equivalent
thermal value of coal coke.
(3) Formulating a demonstration plan
We formulated a detailed plan for the demonstration to prevent delays in the
garbage processing at the facility and to achieve around four months of operation as
targeted.

(4) Conducting the demonstration
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For a period of about four months from July 31 to December 19, 2017, 243 tons
of mixed feedstock BIC was used as substitute fuel for coal coke for demonstration.
In this period of time, we conducted 43 days of continuous operation with about
25% coal coke substitution, and a total of 30 days with more than 35% coal coke
substitution. Furthermore, we conducted tests to confirm the upper limits of the
reduction rate, achieving a maximum coal coke reduction rate of 51%.

(5) Data analysis

Analyzing the test data, we verified that all four types of BIC could be
substituted for coal coke with an almost equivalent thermal value when the BIC
usage was around 80% or less. The maximum reduction rate for substituting coal
coke with equivalent thermal value was around 45%.

(6) Confirmation after the demonstration
For normal operation after the demonstration was completed, we confirmed that

the introduction of mixed feedstock BIC had no negative effects.

6. Examining further applications of mixed feedstock BIC
(1) Verifying application for industrial cupola

We supplied a total of 70 tons of mixed feedstock BIC to casting manufacturers
Company A and Company B, both of which have industrial cupolas as coke-using
facilities other than JFE Engineering Corporation's gasification melting furnace, to
test for substitution with casting coke and confirmed required specifications for
mixed feedstock BIC in industrial cupola operations.

The tests verified a maximum substitution rate for casting coke of about 20%.
While no physical effect on industrial cupola operation was seen, negative effects
were noted in terms of an increase in exhaust gas H2 concentration, a reduction in C
concentration while molten, and increased ash content. From the test results, the
following can be cited as issues for application of mixed feedstock BIC to industrial
cupolas.

(i) As a substitute for casting coke for manufacturing cast iron pipes, the fixed
carbon content is low, it has insufficient properties as a carburizer.
(ii)) The BIC ash content is high, which is likely to impact on operations e.g.
impeding carburizing and increasing the viscosity of slag.
(iii) BIC must be priced in recognition of the fact that its calorific value is under
60% that of coal coke, and its insufficient properties as a carburizer.
(iv) Industrial cupola operating conditions should be optimized presupposing joint

use of BIC and coal coke.
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(2) Supply to ongoing users
In FY 2017, wood waste generated in the manufacture of mixed feedstock BIC

was supplied to hot spring facilities and other establishments in the Yokote region.

7. Method for verifying COz reductions

We calculated CO: reductions achieved in this project through the verification
method established in FY 2015.

Factors measured were: actual fuel consumption in collection of raw materials for
demonstration equipment at a 2.4 ton per day scale, all energy used to pulverize and
dry the raw materials, electricity consumed by the manufacturing equipment, and
actual fuel consumption in transporting the product to the users. Calculation made
using these figures found a total energy loss of 16.4% based on a life cycle assessment
(collection-manufacture-transportation-use) relating to BIC production.

The results of demonstrations so far with gasification melting furnaces have shown
that BIC can be substituted for coal coke with equivalent thermal value.

When 25% of coal coke is replaced with BIC with the above conditions, the net CO2
reduction is:

25% x (1-16.4%) =20.9%

This demonstrates a 20% reduction in net CO2 emissions with a gasification melting
furnace, which is the objective of this project.

In addition, when 35% of coal coke is replaced with BIC in continuous operation
demonstrated for about one month in FY 2017, the net CO> reduction is:

35% % (1-16.4%) = 29.3%.

S

Verifying commercial feasibility and profitability, and examining prospects for
widespread adoption
(1) Verifying commercial feasibility and profitability

Following the evaluation method examined in FY 2015, we used the internal rate
of return (IRR) to assess the commercial feasibility and profitability of mixed
feedstock BIC assuming a production rate of 5 to 14 tons per day. Factors were the
cost of collecting raw material (biomass), cost of producing the mixed feedstock
BIC, equipment costs, personnel costs, and maintenance costs for equipment. If the
workers work on BIC production full time and the BIC sales price is ¥21,000 per
ton, with a production scale of 14 tons per day over twenty years, the IRR is
verified as 2.0%.

(2) Examining prospects for widespread adoption

12



We surveyed the amount of biomass to be generated in regions where JF
Engineering Corporation’s gasification melting furnaces are located or the
surrounding regions, assuming the establishment of a BIC production site in west
Japan. Following the results of the survey, we selected Shimane Prefecture and
Fukuoka Prefecture as sites for BIC production, and also examined the installation
environment for BIC production plants.

We calculated the raw material collection, production, transportation and other
costs in total assuming production of BIC in the selected regions and supply to the
nearest gasification melting furnace of JFE Engineering Corporation, and compared
the calculated total cost with that for the case of supply from Yokote.
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X# 2-2.45 fijk = — 27 A+BIC-3 OikBrset:
AX |l | AR Buml (BREEZZX0) 73
Wi | A= — 2 BIC3 AT | & RE | EL
[min] | A kel [ke] [Nm¥min] | [C] [+ %]
[ke] ' |
BB A 0 3.5 2.55 5.0 104 3.0
PREHEZ 4 3.5 2.55 5.2 122
PREHE N 9 3.5 2.55 5.1 146
PREHEZ 15 3.5 2.55 5.1 175
PREHR A | 18 3.5 2.55 5.1 186
AZTHEN | 27 5.0 5.0 219 3.0
PREHR A | 30 3.5 2.55 52 228 3.0
PREHR N | 32 3.5 2.55 5.1 234 3.0
2T 7| 33
WRBHEA | 35 3.5 2.55 5.0 240 3.0
BN | 38
X5 2-2.46 AR T— 27 ADIHRORERSAF
AR | R | AR Buml (PABEZZR) 7€
W | Ao — 2 BIC3 AT | | R 1k
[min] | A kel [ke] [Nm¥min] | [C] [+ %]
[ke] : |
PREHE 0 5.0 — 5.1 319 3.0
PREHE A 4 5.0 — 5.0 325
PREHE A 8 5.0 — 5.0 331
BB A 11 5.0 — 5.0 333
PREHR N | 15 5.0 — 4.9 333
2Z 7N | 21 5.0 49 333 3.0
PREHEN | 26 5.0 — 5.1 335 3.0
PREHREN | 28 5.0 — 5.1 339 3.0
AT TG | 28
PREHE A 5.0 — 4.8 340 3.0
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AIRE 2R T, AR ARE OEHEE TIE, AR —27 ADHMN 180°CTH
HDIZx L, 1R — 27 A+BIC-3 78 524°C &K,

1240 I I I I T
'3
1000 1 -Average of Fuel consumption rate e e =
= (between 0.07 and 0.58 for elapsed time) ;
Z_:::- 493 [Meal/h]
2 & e @
I ™ s e s e e
% . : i i i i i
R -
< ' ;- : : '
=
o
200 -
0 | I I I I |
0 01 0.2 0 04 05 08 a7

Elapsed time [h]

X3¢ 2-2.47 AifR 2 — 7 A+BIC-3 OEREMY 2y id i

58



Fuel consumption rate[Mcal/h]

Exhaust gas temperature[K]

1200

1000

Ralel

460

1000

200

600

400

200

I ! | ! | T
. 1

| _ Average of Fuel consumption rate |
' ! (between 0.07 and 0.38 for elapsed time)
; ® | :563[Maal/h]

v v ]

[ i _____________ v T _." _____ E _____________ (22 ]
i | | i | |

0 01 02 04 04 03 08 07

Elapsed time [h]
3% 2-2.48  FIK T — 27 A DI OPREHEE

I I
. L
; i | L

- S—— SY NSRS Mot : S—
W § E | | |

® . : 5 ; .

i | | i | |

0 01 02 03 04 05 06 07

Elapsed time [h]
43 2-2.49 A 71— 7 A+BIC-3 DA AL

59



1200 T T
® |
. o ®
e e TSR LA TS SRRt =
L@
E . : ) ) . )
-l:_—ul 1 1 ] i ' i
<
B I : : : : !
g i e e
. ' ! ! ! : !
m ) '
_"@ 400 e e e e e i St et S S e =
Lil
200 — —|
. | i i i | i
0 01 0z (e 04 (03] (s o7
Elapsed time [h]
X3 2-2.50 IR 2— 27 ADIHDERT AEE

IO DOREREBEIINCHD &
IREEEHNCE L TV o =720,

AR 2 R T OFED 4 TiEie <,
BRI DB T ATREVENR B X B LD,

INDORERICH L, K 2-251 122 T 7 HEE TORM 2777,
F 2-2.51 AT F G E TORTERH
AT TERANRE | AT T HGHE | AT 7 MG ET
[min] RF ] 2
[min] PIT ELIRE ] [min]
iR — 27 Z+BIC-3 | 27 33 6
FRa—7 ZADH |21 28 7

(AR a— 27 2D k0 THERa—27 Z+BIC-3] D7 H3BREFD T B3 A3

<,
VY,

INHDOREERNG . vy 7 MUF|Z
BAEZEMC BIC ICE #2556
S’%ﬁﬂz“(%ék =25,

HEAT AL DM

60

(bbb AT G E TORHEB DT ICHE

BUIDBEIE LT, ARa—7 A ZxL
PRIGEVERE . TAMRIMERE T 30% £ CIERIEE A <



F 72, BRMERBIC O W TCIL BIC 85U L DT KA T —U 03 H 5 Al et & o
2L T\ 5,

NHE LD

o FaRTHFOREE L THIKRIT—7 AD—EEARBSM T BIC ~E iz
T b 30%[%%@2? ITRBERTRECH D Z E BN o Tz,

o AT T DIRMRMEREIZB VTS 30%E TO BIC TIEREN <, 512 BIC
R Z otz.’ﬁl,ﬁm%éﬁ REME 2R LTz,

61



(3) ZJ5UK BIC e B B pfr e 32

ORRARIERR I K 2 2R BIC o il

RSS2 T MEAEEE O OB AR FE45 . dfor R il SR M ONIE Y i
EORIERE R 2 E 2 THRELTE (1) DOXFE 2-1.1 TIRTIRENF —
No.1~No.5 [Z2W T, FEa 2944 H 1 B2 5 12 A 22 BIZHT Cilfp il
I LTz, AR 29 R O 2R L BIC LG SEE & [XI3R 2-3.1 12”9,
No.1~3 [ THRLOGEFHE & 100 kL, ZnZF 123 hoy 77 F, 100
ko BE L7z, Nod, 51%FH40 b OREF B &I L, FHE5@Y 40 b2
FE U7, K 29 4EFE O LR BIC ORUE RG340 h ot 720 | G
SR AT LT,

FUERE OB, 7~20 BFD 13 Bl 2 H NiEliz & L, EEENFEEO
e, HElE R OB AZATV, B O NBEE K OV R O i N7 D k&
FAELL . 20~7 HFD 11 WRpRE] I3 Gl S CRUOABLEEE O L8 & LT,

X F 2-3.1 Al it oo B S

w | BR | s | mEE | TPERR an | nmE | wm
' (%) (%) (%) (%) (%) (k) (k)
1 %970 #925 %95 — 100 #3100 123
2 #3970 #4920 #910 — 100 $5100 77
3 #4960 £925 £915 — 100 #1100 100

4 #9350 %935 #915 - 100
5 — #9350 #3930 #4920 100 #3940 40
=t #9340 340

KB < RBEE. SERL MR L

F7-. 1 BORYER A2 XF 2-3.2 107, Kl EREH . gt 1 B o
NA Fa—y 2flEE 7 ey L, fEEN Yo o B IEREZEE L
HTHY ., FEIKELRTFA LT T U AEBOWNTNNTH D,
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AFF 1311 b
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W A PR b A WL R
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ARF 1124 b
X# 2-3.9 ZJFEBIC OFEEMAX 2R T ~OHAFEE (ZFLrar iy 7))
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BRI W2 2 R BIC OfLAR R Ok sy & X3 2-5.10, 11 (2R~ T,

X35 2-5.10 BIC JFUBHE &

Hset N—2T M BE B IR
70% 25% 5%

5% 2-5.11 5 Hris 5

TEH 4 A (mass%) T H5HT (mass%) FEALL
C H Si P &Ky | BERE | WIS | Ky S N (keal/kg)
37.2 5.056 7.81 0.05 9.13 17.05 65.11 17.84 0.04 | 0.34 3980
(1ABNE 1

BH 2 — 27 2L BIC ZHAEME CEML T2 RN THREHEZ DO
BErHE LT, BBWH = — 27 AOFREEIL T7165cal/lg, BIC FEE\ &L
3984.5cal/g THH L7z, BIC EADRKEL T 57201, % HIZBIC &
AL BMZHRE LT,
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(2—2 A1*212.2%) (T — 2 A H¥212.2%40 %)
12:00~15:00 | M a3—2 Z : 347.7kg/{l | M a2—2 A : 366kg/h
BIC : 32.9kg/{# BIC : Okg/##
(23— A*212.4%41 %) (33— ALE*212.4%)

X1 BECLLEEEZEZEL. TAMDEFA MDA ZANE R,
W Fy—227b00 100K, 8L, © 3t.
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X% 2-5.18 VA 7o H A

(i) HBEEEICRIL T
X 2-5.19 ([CHSEEK ORRED E LD ERT, HEEEICEL
T, EABRIARE, U0 B BFEEIRIE S DI N REL BB S 20
BT L, ENENOELS O 2 BF O 2R LTz,
BIC #& A2 X » Cika &
SV OHEEEITHINT DM\ TH > 7=, ZAIUTHE, BIC & ARF
DHEAMBIE ST RIS N T RVIRBEEZ #ERF L Tz, &
D EDB BIC AL L o THEO TEIC L 2RO 5
MEO TEIC LM 0 B0 DN TE D RN H 5,

ZIVETO BIC 7l 7T A K E[RIERIZ,

X5 2-5.19 HSEE N OEREE &

5% i 10%E
10:00~12:00 | 13:00~15:00 | 10:00~12:00 | 13:00~ 15:00

B.M. 5%E 10% % B.M.

8 & (kg) 30,810 31,110 31.160 30,520
EHELERE( X 10°m/h) 22.7 22.6 23.0 23.0

ERES-YHSE
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B.M. 28.80 2.07 49.75 12.39 0.497
(=) RBRNZY 2

B o — 27 AL BIC 2 B\VEMAE CEMR L . T2 RN THEICEZDE
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1) BHROFE(ER10cmX 5emBES) TR

2) RIFFDFEETRIZEL B cm)AARLY
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(100kgZhr) 2) 5, 000M~6,000M i A L=
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SEEDORANT U THo7210 A 18 HIZBIT 5K 1L F—DfH
B XK 2-6.2 1277, 10 A 18 HIE, No.3 Bk 70%. /N—72 25%.
BEHIR 5%) OFEIcHEL TRy, fERIT 241 P Thotz,
BT O BT 1301, JREHR ADBRIZH WD R A — /L — & — Dt
WEE B 1oL, 2B NS A a— 7 A BEFREOEHEE BT
743.7kWh TH - 7=,

Flo, INOEENOEH Lz b X —1EM R ZXE 2-6.3 2R
T, NA A a—7 AORIEICT D4 LCA (UE~RlE ~iig st ~F )
NR=Z2ADER VX —HRITEF 1641% L 72572,

X3 2-6.2 10 H 18 H OEFERM L NF R VX —fFH &

H IKf Rk 29 410 A 18 H
JER % 70%., 7N— 7 25%  BEHEIR 5%
FEE [ b 2.41
KT A & L] 130
BT A& (L) 10
HEVHE & [kWh] 743.7
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X # 2-6.3 £ RLX—DOHIERF

5 H B {E HE | -
EEENNAFa—OAREAE |kWhw/bk>-| 5,843 100% |4,.200kcal/kg (HxZ70%. /3 —25% . EEAEKES%)
HEBSTRILTBEEE 959| 16.41% TR AF—EEEF

(AR
FRHURET A ILF— kWhih/ k> 33 0.57% z%. /N—7 . BEEOINEDORHEEENLEH
EHELEET )L X — kWhe/ bk 89 153% EREBRTEOENEES GAEE)
RERBEIAIILT— kWhsn/ b2 549 040% RHERIEDITHEESMSEE
BT RILE— kWhsh/ 2 46 0.79% A —ILO—5F—DEHEEENOEH
FEBIAILE— kWhe/ k2 219 3T4% | NAA TV AKBEOENEEE CAEE)
HEEHETIRILT— kWhin/ b2 22 0.37% 18 F i — EDBTH D #&WiXIES 100km
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B SRS R OB O B (L AERE SN D P E O GA T, JFOE T
B L X — | ML kL — K OMLERE = L X — O HIE JEGA 1,
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;ﬂ #7keal/kg 4,050 4,050 4,220 4,590
E (SRR 25 k]/kg 14,040 14,210 14,390 15,750
E keal /kg 3,350 3,400 3,440 3,760
a—J AR LR
i DI, % 90.6 98.1 95.8 92.7
fE DI, % 62.8 85.5 73.7 68.9
W |2— 2RISR
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EKFZ L ID 140mm X 700mm
4 5 (20rpm X 600[0]#x)
gEE - mED 1100°C - (1 9.5mmkl Lt
A CO,—T— 2h HEAIE

(20mmEEHi) {3mmLl L4 81E )
CO it #58E : CSR

(Coke Strength after CO. Reaction)
B 4-2.2 =22— 7 ZFEAMHRBR ICHES 5 &

COz St i E CSR(+9.5mm)i%, 20mm 2%k L 7230k 200g %
1,100°C T 2 B§fE] COz & S S ¥ 7%, HWIBRTFTCTIAM KRNI ATHAL
T 20min’! T 600 [Fiz S, FrEDO B & O LIk 2O EE L
RLLTRDD2LDOTHD, 22 TiE 2.8 mm Offi LIZFk DB OE
EHFEZ CSR(H+2.8mm) & LT 5,
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4-3. KA L OGS
(1) 25k BIC Ok E H o at

FHEMFHMIICB W T2 2 N 2T 272005 & LT, S ERET
M G2ED JFE = v=7 U » 7o B AL £ CRiE &k O
KIE LB AT O T, ZREnEa A F 2R LTz,

BRET L7 St TR 2 %K 4-3.1 1T, F70, MR 432 1ICHROH AL
SR DR BT b Ok R R Sk FRIC BT 2 A A a—7
Z 1 by OmiEE A ERT,

AROBEHIBIT DEHESRME LT A Fa—7 ZADO/EILT7 La N
v 7l L, SR 50 iy 300 R DOGEICOW TR LT-, gk
ERO7 = U —IZ X5 Blgtix, K& 2-34, 35 O X5 efRig Tk d 5
ZEEEEL TS,

FE A SO OEEIHHEN K< 72 D13 Wt E N @I R DI H
L3, WEEEEEDY 700km AR OHIKOLA . T v 7 Wk H i b 22l 7
EFBTH Y (1,000km 2 # 2 HH#lgk, & L < IZALREICE#E T 556 12,
PE D L <3 EEE 2 S ATRENERMIZ RS 2 ERbhoiz,

W EEEEDY 400km UL BIZZe o 72356, NA A a—27 A 1 bbb O
EEMA 10,000 FIZE L TLEW, TG T 5 2 & NEEIC/R D 2 &
VLY SYIEEoY

<,y O%nE> S
B g ]
HFBICHER > e |
<gRE¥E >
NPAAZA b7 fhEa TR NP AZL b

H#EFBICHEFT = HEFEYIR |— SHEYER = G5

<imL#E>
hSvEE Lol bowoHE
HEFBICELERT = FAEE > RHE = Ak
S A 4
A s 7

X3 4-3.1 ZJ50EF BIC Ok T-B
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X3 4-32 JFE => U =7 U > 7B ALIERE~0 BIC1 k> &H7- 0 Otk H

BMEMDIER

#EER [M/hV]

ok et e M5y s Jx)—
50k | 300k | 50RL | 300k | 5Ok | 300k

A A R A B AR O AT B E R 69 4y 736 30000 25000 | 18552 @ 17264 | 12400 9817
BEEEORRE RS | T ST REE 2 101 4500 3750 | 7560 = 7035 | 4800 | 3800
KRB SRS EEE R R AR 1651 411 10000 8333 | 11,808 10988 | 14960 = 11,843
S EARESEA 55 R B AR R BT 107 B b1 1 477 10000 8333 | 11592 10787 | 14560 = 11527
BRI AR 5 I 5 R 5 R P 72500~ 712 14000 11667 | 15000 13958 | 16000 = 12,667
B L BB 22 I8 B B4 LL P ST 107 8 1063 20000 16667 | 17520 = 16303 | 20960 = 16,593
REMREETRAS BRI R RN 0-321 1 1169 22000 18333 | 24840 23115 | 20280 = 23,180
RELAFITHESEES | BHAREHFEAREALE0-1 1206 27000 22500 | 20304 18894 | 20480 = 16213
HA- A SHEREHREE {ERR A AT E -3 1435 28000 = 23333 | 22392 20837 | 24720 = 19,570
AR RUERERES | ERRARSHATERE 380E 1436 28000 = 23333 | 22512 20049 | 24400 = 19317
P L AT H BB B A KR ATRR1-38 1545 20000 = 24,167 | 25464 23696 | 26160 = 20,710
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X3 4-3.3 #4908 2 T TR

(Eiz rTpes EZSEECTpeS (G TIpeS

B ch s 4 A A BMFET~EFEMEIR | EFEVER~E/NMEEMER EINEMER~ B ST
RS L K IR SR 4 BMFET~BFREYR | EFEVR~EREYER REFE) & ¥8R ~ &K rh T
SR IE R B BMFN~EFEMER | BEFEVR~KFEYER IKF & WER ~ % Rl BT
WS E S EEEMAS BFEN~EFEYER | BEFEVR~BESEYER A EMER~E
EETIL SRt 4— BFT~EFEYR | EFEVR~KEEYER Iz BB 5 MER ~ B #5 IR
B YA RERR S BFT~EFEYR | EFEYR~RELEYER RELEMEIR~ELT
EA R S RES BFT~EFEYR | EFEYR~ERIEYER RINTIREMER~TiEth
R R A EEEES BMFETH~BEFEYR HMFEEVER~SMEMER SAEYER~R=T
HA-SE . S HIBEHDEAS BFT~EFREYR | EFEVR~EEEYER B E YER ~ FATHT
LTS NER - E LB RS HMFET~EFEYMER | EFEVR~E[REYR EEEMER~HEET

BMFET~EFEMEIR | EFEVR~ARDEMER ARDEMER~EBTH

AR TR A B E RS
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X3 4-3.4 Y7 = U —BWL R

23 TpeS el b Gz rpeS el b [z PP

A= hERa A R E WFEh~EE FREE~ SR EINGE~ B S HET

BRI 45 M R IR IS TR SR A A #RF i~ KMHy

FIHEIBE RSB LM BMFEH~UEE MEE~FRE iR % ~ ST

RIFFEERIREMRE BMFEH~UNEE MEE~FRE HinE~Emm

ERETILERE4— BMFEH~UEE U &~ BE & HEE~BHFRT

BV 17ILEEHR ST BMFEH~NEE MEE~HEE HEE~fELUT

EAMR A TRES HMFEH~NEE MEE~HEE BEE~HFE MEE~FMEE | HMRE~IER
RELBHAAESRES BFEH~UNEE MEE~HEE BEE~R=T

HA- A CHEERESRES | BFH~MEE MEE~HEE BEE~WFE HEE~FMEE | FHPIEE~AEET
S NER - SRR A EFT~TEE PERE~HEE BEE~PE HEE~FMEE | FFRE~REET
EathE G TR A EERAY EFh~EE MHEE~HEE HEE~mPE R E~FMEE | FMEE~kATh
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YA 7 VEIEOFRR : HIRAOKIZY A 7 v CEET
ZOHIRNE, 7V — UEEANBICE S EARF IR D THIR 126
2B O FEHEZ L= 23\ FRAOREA~D VU Y4 7 Wzl LA TA Z
V7 OB EADNTER L TOET,




