219 HAHZXZ—E 255

Vol. 50 No. 4 2022.7

% v

il

Bk o — R Y = a— b T VST 2 IR R T
Tt % A 2 PRV BTN DT

Low Temperature Waste Heat Utilization Technology
Supporting The Renewable Energy

BUE, mBEAL KO 72 D LA REHIR & <A HIR S
M, —FFOERENZ Y A 7 5Hili B X VR HL T3
{, TNHORDLYICHZADBHEML TW5E, 22O TK
BB PRI, BTEOBESH O THV. 57225,
SR/ ERTH 2L A3 LT O HZ2 R0
I AZ TV B, 20206F DT = A AR, BiED 517
RA Y PEALIB%IZH o Tz, TOR-AEL
20304F121340% IS H B FNEH, B AR ZITANDH
B ORI THR NI LD I NS,

20204E K, FAE O KEEIHEEF R, B RBE
FET0RTICH YT 270 GWE B R 7L B2 b b, 2030
FEITIZI00GW, 205041213 200GW F CTHM9 % T b
Hbo 7, MIIFEEAREIL 20134F KT TR2TGW
720723, 20204 KICIF4AGWISE L, 4 b ¥ RED)
IR BEMAEE SN TS, EERERKRT
YU NV E LTIXIENGWICEL, 209 bt REdgid
1410GWA 5 ® 5, 73, 20184 5 H20H AE{I121E, &
DI T o T UEENENOFEE DTN THL
A CTHibh 7z B AITRILREZ (2T S v
LLVbDTHLH, L EBERNIP—E LTV AV
DT, RELWSPLEE %> TET,

NEEGHIAZ LTI 1I21E, k0B HE)H
BRI T s EtkREELE & B2, REOWRGE
RLYORA FEHETHE LTERLERBEIEETDH
b0 3BT, ZOEHREHCTHRET LN, T —5F—
CYORMPHAEING, 7, KFEOBMEE LT
ANVF—WETHZEBHETH L, BT APBERL
EWZER, RYBVIFIZHEET 5o HUIBNIZERIKES
DT AN F =D h UL, BEEFIIBIT 2 EIRELNRE
DEIPAT S TEEIC % Do

BUR TRBUBLE BB A5G H S T 2 DK
BN THDo 7ANT AR S 5 KpEIEEIE, 1
HM720 130MW b DFEEDNTRETH %0 M12H D
T 7 —HIERAR A F ISt E £ ©550T BB R
BB —MMICEBGEIE 2 < TY, ARZB DR E A

JFARAT 20224 5 H16H
* 1 HARS IHas

T105-0004 EXFAGILTH 3% 15
FORGIEER A S HIR
E-mail: osakabe@kaiyodai.ac.jp

Download service for the GTSJ member of ID , via 216.73.216.217, 2025/07/01.

JIFE FHA

OSAKABE Masahiro

KEVLDKEHFEL Y DEEHDELBI RV, &
LICEBGEMAFFOZ LI2X Y, KB TWAERO
BMIANF—0—HE2EZ, KMOBEELTEDLLH
ho HEBIZIOHREDOREL WiEL ORE L H 5,

KEGBLANCTYH, I ATREBELLBENZHELTE
ZBEBEMINEH SN Twb, kB2 w50 T
BEMICHENTRMTH S L V) B#h b, ky—7
VAT 501, BEAOEEARFHEFMH L5 —E
VHBIYATATH A, KbGREAN L EOHTADE
NTe— bRy TEEH»L, BRLARZEREED.
DE IR THRE 2 M LRI L, KR 225 TR
WEERT. BOAZWY T LENIELLE, e— MK
RIS, WEOREEEMHALTY—E Y
FEHELCRET S, SOL) Y AT A, HERBHN
EHCTBY40ES RNz 2L 3hb, 72, 3
RToOFEHRIZA MIBLOK T O 1 HETHY, BN
ANOBRI BN ROKE 2B F 2 THERAMIZL W
LEZLNTWD,

HARTY, WO EFHL CEZ 20, HTERAICEH
5 [JREGEE] OFEFERBIITDONI 2 LhH 5,
JEENEIC KR O®A % W82 3BiR L, AL
ToEACHEE AR S, BEMT Y V2 IC¥ R b, &
NDBVELZBIIATHELAEDLY, F—¥r2ELTT
ANF—2HY T,

X512, HAZHOMRE THRREL TV IKiRIERZ
BEICFHATELZ L AMFIN TV, B 21X100T
DWRKD B Bty Tor DARIRETDH 540TI2T 5
DI KBEOBRZIETC TS, HA—EHENZ VWK
SORRFRAEOEGREIE T HYS720145Fa) v b d
50T, ABREICT2DIIET TV L 80EE, 1R
W 7= 400MWhiZd 72 50 ZTHIZEIEIO%D ¥ — ¥ U5
BHEZ VG ERBRIZAOMWIZ R B, T72, FAED
ST THNS150C K O KinPEEE, FH70 PJ
(REV2—)) 1I2b7%h, 1HERYS72) 72 L226Whic
Db, ZOHBERFRIOND S — ¥ ¥ THRET L,
220MW OEIIFHN D,

77T A FETH Y T EAMRPR KRR ADHIBR S
REALRBRFIMEEIN TS, BT R 2% 2
PR - EHFAEM A4 BEIC R D EEZLON5,



24 A St
FRES

220 ARAZX&—E>

Vol. 50 No. 4 2022.7

|

i » ot

BES =K Y 22— b T VAT SRR T
ARG DEBERN T M 0> A BERE H e oy

Technology for Utilization of Unused Waste Heat in Sewage Sludge Incinerator

BRI RE IR B

MATSUI Takeyoshi

4> 3

¥

Ak Bl

TOMINAGA Junichi

INOUE Kento

F—T— N FAREREEAE, AR —vr, MERET A, N0
Key Words : Sewage Sludge Incinerator, Steam Turbine, Greenhouse Gas Reduction, N2:O

1. [FCBHIC

TKETETIE, 20054E 9 HIE S h7z [TAEY
Va »2100]) 1I2BWT, MEROTRKEDHKTH -2
Ko THERR - ALPE | (AT [ - FHE] AR5 S h,
OMBRY; D T AV F— 100% H I, @OF = AV F —5F
MO by 77 rF—, @ADL F— ORI
fak BT EAURE NIz, S HIC2044ET7 HIZE D F
LoHohz [HIFKREEY a v TEEDOE 2 &L
SRTC, K-K| - ZAVF—0FER - B - AR
fbx Bis L TR R HED ST E 2,

—, HWIRBELOHE T D 5 KM H) ME ORI R
VT T20154E 123 T 03 RIR S e, FASE T 3 20204E10
HIZ2050E 7 — R =2 — P I VOEBEZEF L1, &
512, 20214F 4 A12id, EAEIZHB VT HImERRA X
DHEMHEEIZBI T 22030 EEOHHI HEEE LT, ko
20134 FEH26 % ik 0 HAR %2 7 HIPL 151 & FiF 546 %Hl
WaHIEL, 3512, 50%HIR D & AT T ki & e
FAHZEELTWS, 2L T, 20214F 4 HIZYET S N7
HERIRBEAL KT T, TARESEIZB VT, 20304
FE O i 2 R e 7 A HE R % 201345 BE H T208 5 t+-CO2Hl)
Wy 5 HEPBITFO N Twb,

C D &9 HARUE 9V THUERIRBE AL ST 020304
B HELER, 205047 — AR v =2 — b I IV OFEHIZ
F, 20214E10 142 [BLR FALSANOFE O B D J7HE /s
THE] MkE NIz, 2L T, Bk - R~
BREET D [Z) =24 ) N—va v TFKE] HiFL
KB T AVF=DEHSNDE TKEVPHTHRT
ERSZAT 2022455 H20H
JFET Y V=7 v 7R BREEAES 7 7 7 HER
E-mail: matsui-takeyoshi@jfe-eng.co.jp
JFEEL Y T =7 9 ¥ ZMR A ¥ 7 7 AR5 B SER
E-mail: inoue-kento@jfe-eng.co.jp
JFEL > V=7 ¥ 7R A& 4 ¥ 7 7R RB R
E-mail: tominaga-junichi@jfe-eng.co.jp

* 1

* 2

* 3

—2—
Download service for the GTSJ member of ID , via 216.73.216.217, 2025/07/01.

VY X VOIRKIEHIZHNT T, & 57% 5 FRIGIIROKRE
1b, HALA AR, BEHBEHAIH & v o7z 3 or F—F)
HIZI Y EREZ EATRENT W S,

2. TKEICHEITZER  TxILX—FA

SE O T ALK = L AE T 155MmS, WHLE R TR A
F 5 TARIGROFEAFIZAEMF2300 b Y IEL TV,
COTKERVATHA2AERYOET AN F—28mE L
TS5 L HI206EkWhe 2 0, HEHROHT R &
L CHURF-SICEHBRL ) 2HWRT Yy Iy VEAFLT
Who —7, KBS TOMRERE S AP 132018
EFEIZ BT H89600/5t-COATEL, HARSEROPEHER
12M48t-CO:D0.7% AL T B/ E 2> T b,

Z Z CHUBRIRIE LA SEET I 2030 H AR E B 1AL T
ATREHE LT, A=t - B A5HonTiE,
KIGTD T AN F—{LIZBID B RIFRY - W0 2 Bty &
LT, LA AZFM L7254 & H AF8E, FRIERD
BEEREHME, T ARG IRBEHIZANC 35 1) 2 BEEGEEAET
LNTW5,

Fig. WIRT L9, FTARBRICEENZEHK DO
FOVEF—ALFRIZ, SEENA F A ASEERM, BEIRREML
TiR% S OB I X 0 BEhN L CT20194F B T24% & 72 > T
BLH, BEHBEHOMAIE 3 BB EF, X 57%5HMH
Hasskd b Tw b,

3. FREEMHMELEE (B-DASH7OY 1
7 8) ICKBRERTRENEM [OdySSEA (F
TvtT)] ORAL
3.1 B-DASHZOY 7 FDOEIE

TAEFH P ISR (B-DASHYu Y =7 b ¢
Breakthrough by Dynamic Approach in Sewage High
Technology Project) &, 20114EFEE X O FKEFEICE
T BERE - RIS OMER I A 74 7 V3 A b



Vol. 50 No. 4 2022.7

TKIB IR BE AN A 16 OO AR A F BE 24 FRF MY 221

BR : RcERE
IFNF—{LE : 24%

[ AN AFE AR
wHEAROBMFE |~ 1180
B
" " > 20Ff
= ROEMELTHA
ENFERE
" BRF > 126 k| (SUHIRE)
Tl TR I
= 2OMRT. B | Ym0
%E)

Fig. 1 Utilization of sewage sludge "

MEIK, BAKRE, B REEZEIL, T, A
I LZKRET A ADWINEMEZCIET AT LEHB
ELTC, EFRBEBICIVEREINALTYS,

B-DASH7 T ¥ =7 bClE, FEAMFFERE & B A9
WEAHT HHRE R OEB @ L) A F A0
BEOEREZET 2, Bl o BALHE % X 5 720 O HiAr
BAFTA RIA VERELTWA, HHBEATA K4
&, M ASERIRSE O T KEHIE R DB OE A % M
AT DBIIBHEIITE D LS, ke OHAREA O
FNES % FENCIHR L CTw b,

3.2 BEMRIREIBEEZRL - RERT RN
DERMEICEIT 2EREEHEICOVT

TAREFEIIBOTE, ZAVF—HBEOHIRK, ik
DOEFEIAE S WL 7 T & 2 H 5 ONLOHEH OB, KO
TAREEFOA RGN X ZIRERNE S APEHEOHIR
HRD HENT VD, FEIZ T ARGIRBEHI R 1L E = AV
F=AREL, A APIERENES A TH HN0B
FORRIGEDETHHNOxNEL I NB 20, i
FERRET AHIKE & B, RABREOB L2 5NOxD
HIIE D Rd ST b,

INHOBERLY, TARBIRBEEGARIC BT 5 KFH
BEB DA L mEBHEA A (N0, CO2), K&IH
W (NOx) ORIFEHIFIEIKE LRETH S, D
fRFDT=DIZ, My, HATKEFHZER, NFTE L
H1Z, BDASHZ7 Y =27 & LT, 2017, 20184EFEIC
NRERREA AW E Z 5 L 7258 R IR BB | 12
DWW, BEEIBEHO I X 5 OEREERAN, BX
CIREBRE A A LENOx % FIFEHI IS 2 @R FTHEE R
WA (TBIRBE) HAi 2o T OPERERE R & Bl 7
BiTo 720

Download service for the GTSJ member of ID , via 216.73.216.217, 2025/07/01.

3.3 ERE7 1 —JILK

AR 2 R L2 AL RAE AT v Ve v o —iT,
NS D 4 > DKBE Y » ¥ — THET B FAHRET
AP L TV AR TH 5.

FERE R & R L CRBRZAT ) Mt v & — o 3 R BEH
Afi D AR % Table 1127R7F

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
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81
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Fig. 11 Comparison of energy
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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

SO RER L EM TR EZRE LG H
=Ly YH 4 700D RA) vy ML, BERAKEID RV
MIZERESNE, SvFr9 4 270, LERKEZR
X, MED LAEETENS GEEBI, R 78
) T EBbYol. DEOKEIEZT XL 2 LT
ﬁ‘o f:o

4., KREF—E>

R ZG RIS L7 iris it 2 #5125 72 0, KB
BRI, KERICSHIEL72a v %7 vy —E vk — LD
ML TH D, MWHE/NE Y —C U BERITT TV
=Y U RHT LY, KRAFCTRET H48E, WL
TR L7224msi L <, L) ESEBEORI T T
=Y RS LULEND L, ZORHE, Y—E Y
ELTIERENRE Y A TR W ER LT E SN 5058, F
ANT)—, BEEHIA T, BAR—A% S =7
ELFEERTIE, &TrilRs — ¥ THRZLEEL 2
LIXWEETH B,

RN FT G I EIS X 5720, iy —¥ oo

Download service for the GTSJ member of ID , via 216.73.216.217, 2025/07/01.



Vol. 50 No. 4 2022.7 EREFEEIINAF) —REOHE 237
LA LDD, AAR—AIZLATY VRERT VT
WIERZ WM. S 5720, #HiLY —E ¥R A — VO
ZiTo 72
PRy — € v OFEAREREIX, FVT VI —ErEI3T
F%Thsb, HL, ALRBKEI I TVIOFDLET S
2T, RImBGEA A ORITEAIFEICHTIS ST L 2 L8
nHecH 5 (Fig 10, 11)
Fig. 12 Heteropolar magnetic bearing
6. BT
RIRBAIR AT N A ) —FERIL, K &S EIK O

Fig. 11 Turbine generator
FHREARA — VA, LROREE AV — b3
RS B 2 & TRy NBUM & B L L 72K R, W
DIGITNE =YK LT, R4%DREHIN % iR
L7z

5. #4ILT7 Y —#Z
BRI L7 iris 2 S 5125720, K
FEEMITEENIm, W AEGNHRO Y — ¥ R A —
WET =¥ vy A7 a—VaHEAAZIRE Lz, i
WEBIZ IS AR A WL, A7 ¥y =i BRI 52
T, GIHEORHRPAENZEEEHNORERE LT
% (Fig. 11)o F72, #hid, #akd 5 meAhsz % 53R
THIEILEST, FANRTYRAENARERA VT T
) —HEE e L7z,
FANT)—, AT 7Y =0T E % DR
ZIZOWTIE, 3k, ERELPeT L Hoa & b ok
LW, A7FuaR—-sBomsiz? (Fig 12) 2K
L, THIHEPIC THBBFR L 720
ARKER—AL LT, ERSINLMEIIHIG LT
ANS =, a7EIELHREL, HREEDT L %2
b E)RERBREZHRE L, HEARBERIBREED
WAME S > TR L, ZO#PANTE— % il % fREFs
HACEAGRWE I %15 5N hVERGEE 1T - 720
Meat ORER, TR EEEE60% LA L o> fifi il #i pH © 25145
BWHI B RETE DI LR L

EDNSVH AL 7 VoOWE L, Badiiit (BRHEBLY
Bemes) SO WTHMKIREZ TmE - WH 2475 LE)
By, T2 BEMEEEMORENZEI/NS V2D, E
DK EBHEONA F) =B QNS D 0E
Bdhb, ZORD, I TYIal—varyy 7%
TERC L, AT 583 %5t L7z
&AM % Table 312783, Table 34T, /N1 F
V—REOEY 22— VinFEEEHMI00kWLL L% HEL &
LTkt L7z,

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
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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

IR Y ZIRIRN) A7 0 nwFr v FRIR Y 7%
WHL, #—EYALORBLONA SZAFIE, 225 5RE)
KOR— NIV TR L7,

AER OB T, HEHEBY, £V 2— Vi
100kWLL E oD SN S T & 2R L 72 ikBRAS

il

H#&Table 6127187 B, ZOROEHKOMK, GE
KDOGMIL, Table 3Rz L,

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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Fig. 1 Transition of refrigerant
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Fig. 2 Concept of actual dynamic performance test
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Fig. 3 Intermittent driving of air-conditioner
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Fig. 8 Absorption heat transformer
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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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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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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
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Fig. 9 Stress-strain curve of 1D-CMC using zirconia fibers as
reinforcements
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