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Table 1 Demonstration field

Iriezaki Sludge Center,

Demonstration Field Kawasaki City

Furnace type Fluidized bed incinerator

Processing capacity 40DS-t/day

Moisture content of sludge 74.75% (725 ~ 77%)

Ignition loss of sludge

(volatile total solids) 835% (77~ 90%)

Low calorific value of sludge

(volatile total solids) 239MJ/kg-vts

Combustion temperature 850C
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Fig. 4 Turbine in demonstration field
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Table 2 Results of high-efficiency power generation technology

Spring Summer Autumn  |Winter
Low Low Low | Low
Rated | water | Rated | water | Rated | water | water
content content content|content

Throughput
(wet-t/D) 150 | 138 | 150 | 136 | 151 140 | 154
Watezo/ig’mem 747 | 716 | 729 | 722 | 756 | 731 | 750

Supply heat
quantity 149 | 178 | 166 | 188 | 148 | 158 | 154
(GJ/h)

Power
generation 420 | 690 | 605 | 730 | 448 | 683 | 385
(kW)

Power
consumption | 529 559 552 563 567 569 560

(kW)

(Bold underlined part is power independence)
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Table 3 Efficiency of spot air injection

Throughput wet-t/D 154.0
combustion primary air* Nm®/h 8,198
air secondary air Nm®/h 1,492
N0 emission factor Spot air injection -
NOx and N:O concentration - - - Redug‘g/l(;n
inactive active rate (%
Conc. ppm-12%0; 88 41
N0 . 53
T PIOISSION i NiO/wett| 0494 | 0232
actor
NOx| Conc. ppm-12%0; 52 13 75

¥ air supplied from the wind box to the sand bed
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Table 4 Estimated conditions

Moisture content of sludge % 74.0
Ignition loss of sludge %-DS 86.4
High calorific value of sludge k]/DS-kg 19,890
Capacity wet-t/day 150
Fluidized bed
Furnace type .
mcinerator

5,000
2,500 g - ; |
m -98% . |13.760
81
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Fig. 11 Comparison of energy
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can be applied
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Table 5 Main features of Large Heat Pump
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Table 6 Plant outline of High CHP plant
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Table 1 Candidate refrigerants

No. Refrigerant GWP Mutagenicity
0  |HFC-245fa 1050 O
HFO-1234yf 4 A
HFO-1234ze 6 O
HCFO0-1233zd 1 O
4* | HFC-152a 140 O
5% |HFC-32 677 O

*4 and 5 are used to adjust Lorenz cycle.
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Evaluation Item
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Fig. 4 Refrigerant selection procedure
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Fig. 8 Ratio of evaporator heat load in Lorentz cycle
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Table 2 Comparison of thermal cycles

Thermal cycle Rankine cycle Lorentz cycle
. . HFO-1234ze

Working fluid HFO-1234ze HFC.32

GWP of working fluid 6 <150

Ratio of Hot water 100 77

Heat-exchanger cost 100 150

Ra.tlo of power output to 100 98

grid

Pump power 8% 10%

Turbine specification Equivalent
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Table 3 Design condition of heat exchanger

Hot water temperature T 70
Hot water flow rate t/h 212
Cooing water temperature T 25
Cooling water flow rate t/h 282

RETOFEARE T HEN A 7 V%, Fig 13177,

T-Q diagram (R1234zeE)

80 — — — liguid

70 :
= 1 = = = - == = yapor
0 P
= 60 + - = = hat water
-
E 50 + — - cooling
2
E 20 water
E s rRfTigETANT
8 30 4 F.d A — cycle

s v
0 +
3000 4000 5000 BOOO 7000

Energylrefrigerant) Q [kwW]
Fig. 13 T-Q diagram

B, oA T/NY - BETa 2 b
THLT V=V 77— NARWBERAT A2 &
L7ze F72, BEDPHHEC A Z L 28T, N F1) —
BEDOEY 22— Va2 a8 MO B 7z26, 2I8H -
Gt TN EFN2H5% LRE L7,

UEogttodb e, diio7L—-—Y 77— %
TS - Btz 2 B CHER 3 2 5T L7,

AL 72 R a2t O WEE % Table 412, EHREH%
Fig. 14127577

R L BB AR LA 7 ) — BBV AT
2BV TRHEBEEZAT, TS OlAK - wHIKIZT
100kW DSBS HETH H 2 & MR L7z GEETERE

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/05/27.



238 ERBREINAF ) —REOHE

ARG X2 —E L FR%

’%ﬁzéﬁmimﬁ>rﬁﬂi%mowféTwmsmi

I EEEHMHELL T DA BRI EYTHBE LR
BE IT& 7,
Table 4 Designed heat exchanger
heat exchange rate | kW 2907
units - 2 (parallel)
evaporator -
size mm 537x923x1232
wight kg 856 (1 Unit)
heat exchange rate | kW 2778
units - 2 (parallel)
condenser -
size mm 537x881x1232
wight kg 895(1 Unit)

(Condenser)

(Evaporator)

Fig. 14 Heat exchanger

Table 5 Pressure drop of heat exchanger

Design[kPa] Test[kPa]
Evaporator 38 20.7
Condenser 22 95
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Fig. 15 Flow diagram of binary power generator system
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Table 6 Test results

Power output(generator) kW 136
Power output(module) kW 103
Auxiliary power(pump et al.) kW 33

Heat input kW | 2905

Heat output kW | 2778
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Fig. 16 Fluctuations in hot water flow
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2. Kawasaki CO, Capture D#IE
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Fig.1 (a) Solid sorbent particles (b)) structure of sorbent
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Fig. 2 CO32 capture operation using solid sorbent
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Fig. 3 Schematic diagram of KCC moving-bed system
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MITTIE 3 %REICE TR SN TS I EDDD 5,
F 72, 157z T—ERETCO ML TE T
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#BREFR [h]

Fig. 4 Bench-scale test equipment of KCC moving-bed system
(a) testsite (b) typical CO2 capture result
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Fig. 5 Schematic and picture of KCC pilot-scale test facility
(Picture by Kansai Electric Power Co., Inc.)
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Fig. 6 Integrated Test Center annexed coal-fired power
station
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4.1 IREBEBEICHITHHKE
RIEEHEIIB W TIZDACZ HWTCO, 2 X L
BONTCO P SAMP % AWK T 5, REMBILEZD
ETIVARE R FEhE L 72,
DACOFEHO7-DI21E, T3, 400ppm & W ) KiEE
DCO 2B LLLMINTEDL T I VOMBEEEL &
b0 F7z, BRBEREA AL (COL M 5-13%) &I,
[ DCO, % IS 5 7201210085 LA B 77 A % JLF 3
LLENH D20, T IV ORI ALEE b,
Z 2 TLE, B R eER TAEEL - Aar b
FHEE L WEZEEE & 3L H <, FBlaiEE 2 FODACH T 3
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Fig. 7 (a) Proof-of-concept test equipment (0.5 kg/d)
(b) lab-scale demonstration equipment (5 kg/d)
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Fig. 8 Test results of DAC demonstration
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Fig. 9 LCA results (a) DAC part (b) whole social model
including CO 3 fertilization at farmland
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Development of Oxide/Oxide Composites Using Continuous Zirconia Fiber
as a Reinforcement

RN Rk

HASEGAWA Yoshio

ABSTRACT

BIE FE

TETSUI Toshimitsu

R®HE

QIN Qing

Development of the ceramics matrix composites (CMC) which can be used at higher temperature than SiC/SiC
composites is being advanced. It is expected that oxide/oxide composites bring performance improvements of a

jet engine. In this research, the heat-resistance of continuous zirconia fiber by dry-spinning was improved through

molecular design of the precursor polymer and optimization of the calcinating condition. Then the uni-directional
reinforced composites (1D-CMC) using improved fiber with BaZrOs-matrix or YSZ-matrix were prepared, and the
flexural strengths were measured. By evaluation of the relationship between the flexural strengths and the properties

of fiber/matrix interface and the improved fibers, the applicability to super environment resistant and high strength
CMC as reinforcements of developed zirconia fiber was estimated.

X—T—K: Vv bz Yy Rk, Vo=t REkE, BRYSRES AR, dhmeE

Key words : Jet Engine, Dry-Spinning, Continuous Zirconia Fiber, Fiber/Matrix Interface, Oxide/Oxide Composites,

Flexural Strength
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Pyrolysis

Fig. 1 Fabrication process of 1D-composites by PIP method

PIP
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Table 1 Dry-spinning condition and the spinnability

Precursor Concif;g/f tion/ Tem;;gcrature Spinnability
Zr-Y (01) - Al 775 (RT) 4278
(0.1)-Si(0.1)

061 780 (RT) 1168

7Zr-Y (0.1) - Al 780 5 748
(0.1)-Si(0.01)

070+PCS(0.1) 810 35 40
Zr-Y (0.1) 077+

PCS(0.05) 780 30 630

PCS-UUH 56 (RT) 168
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Fig. 2 The relationship between the curing temperature and the
tensile strength (@) and the zirconia crystallite size (O)
of zirconia fibers from Zr-Y (0.1) - A1(0.1) - Si(0.01)-070+PCS
(0.1) heat-treated at 1000C in N3

Fig. 3 SEM photographs of zirconia fibers from Zr-Y (0.1) - Al
(0.1) +Si(0.01)-070+PCS(0.1) cured at (a) 45C and (b) 125C
followed by heat-treating at 1000C in Nz atmosphere
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Fig.4 SEM photographs of zirconia fibers from Zr-Y (0.1) - Al
(0.1) -Si(0.1)-061 heat-treated at 1400C in (a) air and (b) N»
atmosphere
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Figh SEM photograph of the whisker formed on the zirconia
fiber strand ((Zr-Y (0.1) - Al (0.1)-Si (0.01)-070 +PCS (0.1))
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Fig. 6 SEM photograph of C-coated zirconia fiber obtained from
Zr-Y (0.1)-077+PCS (0.05)

Table 2 The preparation conditions and the tensile strengths of zirconia fibers as reinforcements

Precursor Curing tencqjalecligffr(:;‘)C Fiber diameter/ #m | Tensile strength/GPa
temperature/C b (Standard deviation) | (Standard deviation)
(atmosphere)
Zr-Y (0.1) - Al (0.1)-Si(0.1)-061 85 1000 (Air) 1091 (1.79) 1.11 (041)
95 9.08 (2.98) 1.01 (0.69)
Zr-Y (0.1) - A1(0.1) - Si(0.01) 125 875 (1.87) 1.20 (0.44)
070+PCS(0.1) 1000 (N2)
150 8.06 (1.67) 1.25 (0.54)
200 8.28 (1.88) 1.15 (057)
Zr-Y (0.1)-077+PCS (0.05) 125 1000 (Ar) 10.64 (2.94) 095 (0.29)
Type S - 1249 (0.98) 318 (0.87)
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Table 3 Characteristics of 1D-CMC

Flexural
1D-CMC Precursor Interphase | Vi* | Strength
/MPa
Zr-Y (0.1) - _
CMCZB)-L | 7y (0.1) -Si(0.1)-061 024) 149
Zr-Y (0.1) -
CMC(YSZ)-2| Al0.1)-Si(0.01) - 0.29 62
-070+PCS(0.1)
CMC(ZB)-3 7r-Y (0.1)-077+ C 0.22 199
CMC(YSz)4|  PCS(005) C 026 137
Type S/SiC PCS C 0.31 674
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Fig. 7 Photograph of 1D-CMC
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Fig. 8 Stress-strain curve of Type S/SiC

I a =7 RAMEIZ & H1D-CMCo iV ik Bt 3t %
Fig. 98 X U'Table 31278 L7zo WiF 5 X Type S/SiC
LT 2L, RV EVEEZRLTWSA, ZOHE
BUTFOXHIICEZLND,

F9, BTV = 7k, Type S& M
N, MHER O SEEAVNE (] L 72 Sk g
WUINE T TRER L TRl O P85 2 15153 5 TR RS
DO THE), 2RIy bhoViERKE T
HZENWEETH D, EB, Table 3IT/R LX) 1T/
SWE o TWh, EHICKREREKNELT, Yo
= 7 RMEHEDORIE D Type SE N, FXZ0R DS wv
CEBHENO—DEEZ LN, S5, S OICHMEDRE
WA EDLZEDPHEETHLI L EZRL TV S,

L Ladss, ARE<TiE, wloBETHL YL
=7 RCMC O TR E300MPalZ BVl Z 5 5 2 & 25T
X720 TOERDZOITIE, MHEREZ 2GPall k& T
pIll, HHMiEE L CRFEREZFHIRTIIHRS
BTy vy 7REEH 2 VWIELLEES I v 7 Ag L
LTRSS I EONULETH LD, T TERLAE

Download service for the GTSJ member of ID , via 160.16.212.192, 2025/05/27.



264 DI AZTRERMHE Z SR EHE C T ARR(EMRCMCORE

HAHR 2 —EFR0

260
200
g w
A
< A
@ Fal" 4
a 4 AL
g W cMc(ze)-3
0 ' ’;' |l
i i 'I
“l’ s lL— .
50 ¥4 e TR
';' F i """‘""“"-'-\.__.__ =, ¥
_'.'-. ke Py - CMC(28B)-1
3 .
00 02 04 06 08 10 12 14 18
Strain/%

Fig. 9 Stress-strain curve of 1D-CMC using zirconia fibers as
reinforcements
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