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Table 1 CORSIA Default Life Cycle Emission Values for

CORSIA Eligible Fuel @

Fuel Core uc Ls,
Cousverzivn Regivn Tuel Feeduivch LCA LCA o
Proces: Value | Value | ECO2MD
Glukal Aztuliuse] pedues 77 77
ot FoTesiTy rencuss [E] [E]
Mumcipal sold waste (MSW). Ut - -
Glozal non-bicgenic cathon (MDC) o= 0.0 o=
) humictpal solld waste (MSW) (MEC gvea *17
Fischer- ekl 55 5 percentsga of the non biogemic cwbon E‘f 31 3 Ef ‘1;0'
Tropzch FT) comten) - =
UsSA Poplar (zhort-roation woody crops) 12.2 52 70
A y 10.4 319 1
S 10.4 220 116
USA Switchgrass (asrhaceous enersy crops) 10.4 3.0 6.6
Global Tallow 25 25
Global Usad cooking ol 139 00 15.9
Global Palm famy acid dlsmillae w07 : 0.7
Gobal ‘Corn oil (from dry mill ethznol plant) 72 72
Hydroprocessed | USA Soybemn oil 304 5 ]
ES7ETS and Sy - 3 5 =
poin, 7 B.':_m] Sovbean oil 404 o E._.-i
EU Bzpeseed oll 474 M1 TL5
Malaysia & " i - B -
Tdonesia Tameil closcd poad 374 w1 765
Malayzia & - N -
o Dalm ol — open pomd 0 W1 01
Global Afnowral resdues i on X
Global Foresmy residuss 38 138
Alcohol Brazil Sugarcans 40 73 313
(isobutanol) to | USA Com gr=in 558 ni e
JEALY UsA “Miscantins (Rerbacequs energy crops) 541 EN] 107
EU Miscanthus (herbaceous energy crops) $34 =310 114
UsSA Switchzrass (hetbaceous enerzy crops) 434 -14.5 289
Alenhal Rraril Sngarrana 41 [ PR
(ethanol) to jet - .
(ATT) TIA Cunn grain 63.7 251 0.8
Synthesizad Brazil Sugarcans s 113 H1
P = Sugarbest 324 02 526
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N —2=y bOZHROMGH & COHEHICD VT
BN S, SVF N2 2 OLEEZRL 72
PREFOB Y flA L LT, FCVB X UOARZEREBEICONWT
OIY FA, efuelllDOWTOMY HAEZRLT. £ L
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72

TR O e F AT 72RO I ML, B4 7
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Fig. 2 Test plant operational flow

& LT, NEDOZHZ [5 A FBRFHAEBEFAM B 56 3 |
PIrbTnb, TOHERENEFDO—D L LT [HIERE
MR 7 AL E FT (Fischer-Tropsch) &AMiZ & % #fi/N
AF Ty MRBELGE STy N 7T 2 - OFSERSE
(DLF, RFE¥E) (Wi =F 77— (), (&%)
JERA, Hz >y y=71U>r7 (K), JAXA) 2H Y
JAX A AREIE RPN 2 i3 A ETHH L Tw
b0 72, b9 —DODHEENEL LT, [EEBHHAR
V)X Ty AR oA F T oy MRE A R
TFat Aol () THD) ditbhTwb,
RHEIEL, KENAF<AZERELT, AT T
+ 2 % #%CFT#: (ASTM-D7566 Annex-112 THLIE) |
CSAF#%EPET 55 W%“k%ﬂ%L%%m¢é%@
THY, #ikINBEA2ASTM-D7566 Annex-1MD 72

AESMH AT 5 2 EDMERENT VD, T2, ks
5 &I, REERBOERRER, N4 FBEEE oM

LT, I%&mm%ﬁ#A—Z?4VWﬂtﬂﬁf
BEOPIMIKRELS BT L LDBHERIN TS, K
HARED T o 2B LK - EIED s % Fig. 212
EIET T ¥ N OEEGHE ZFig. 31287, 29 LR
AR T A MEECRIET % & 72 FFSRGET 2SE N T
HENDZENPREENS,

JAXAIZBWTIE, E£& LT LA RHFKOHEFA
PROEE (B EL) & KRB N A & < A B R OFT-SPK
(Fischer-Tropsch Synthesized Paraffinic Kerosene) #&
¥ (KHZEICCFig 3075 ¥ M TEE L2%E) %
OB EEBL TWd, ThHZ2AbET

Fig. 3 Pilot plant

SAFE L, ZNEFNHEFA, FT-SPKEIERZ L ET 5,

Table 112 1%, JetA-l (FERk» S HH SN T3
ASTM-D1655HE » 7 1 ¥ v k) LHEFA, Thtb
DS5050IR G RENC OV T B I - 2WHMERB L O
AL D HTRE R OB A R T [MFEKDDT566 Table
A21-213ASTM-D7566 Annex-2/8FHAK Tz 9 X X B

Table 1 Chemical and physical analyses of the fuels

D7566 JetA-l: | yoees
Properties HEFA | Table | JetA-1 | HEFA Table 1
A21-2 =50:50 | - 4%€
Fxeczing point 585 | <40 | 48 | 515 | <47
Dynamic viscosity <8
[mm/s] @15 C 1963 | N/A | 1655 | 1.786 (20 )
Surface tension
[mN/m] 225 N/A 236 231 N/A
Density [g/cm?] 0.775-
@15 C 0.7554 10.73-0.77| 0.7886 | 0.7732 0840
Net heat of combustion
[M]/kg) 4414 | N/A | 4338 | 4373 | >428
Physical Distillation
Initial boiling point [C]| 1465 | N/A | 1485 | 1485 | N/A
10% recovered temp. [C]| 1650 | <205 | 1645 | 1650 | <205
50% recovered temp. [C]| 2080 | Report| 1935 | 1985 | Report
90% recovered temp. [C]| 2535 | Report| 2375 | 2470 | Report
Final boiling point [C]| 269.0 | <300 | 259.0 | 2620 | <300
Lubricity (BOCLE)
[mm] 1.04 N/A 0.83 0.87 <0.85
Carbon [mass %] 84.7 N/A 86.1 854 N/A
Hydrogen [mass %]| 15.2 N/A 138 145 N/A
Sulfur [mass %] |<0.0001 |<0.0015| 0.0006 | 0.0003 | <0.3
Composition
Paraffin [vol. %] 984 | Report | 79.1 89.1 N/A
Olefin  [vol. %] 0.9 N/A 30 1.6 N/A
Total aromatics [vol. %]| 0.7 N/A 179 9.3 825
Aromatics
Benzenes [mass. %J| <0.1 N/A 21.3 11.6 N/A
Naphthalenes
[mass. %) <0.1 N/A 0.2 0.1 N/A
Total aromatics
[mass. % 0.1 N/A 215 118 N/A
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EMTH Y, D7566 Table 11d ASTM-D7566THE S h
LHSAF%JetA-1L A LB T REHMEMTH %,
F#EZR5E, MEBREOLE (JetA-l12HEFA) TiZ,
Bk EE & REEIICRKRE L E G vy, 22 LI b
M7 THo> TOMEBIMFITEEL L 2 2 WD
%o BWEIIHEFAD HA2V/NE L, ZOEPHBED X I
REBEORG LN 220 5 HEED—2 L o T
Wb, F7z, ERERLDTHEIECDD L. B
(BOLCEf# : /M S WA H) 2 /b &, R—
254 ¥ (JetA-1) ICH~HEFAIZEHMEICEH B 2 LAt
5. TNIZEMEEAEOZE (HEFAICIXEENE
V) BERLTWAEEZ OND, D HEREIHE
BERGTHY, N=2F4 »TLEBREE TN IHHFK
KAAHEFATIKIZE A LR L, Rafigd L, 2
N5I2E Y, HEFAZN—Z2 54 VIBRFHIL B, B
EEREL I—=F 7 LIZ v, F/z, HEFARMTH A
BIEFIENZ 20, BEICEM LT 71 V8
FRGTHDB I EWTD 5,

BIRTIZ, REMEE~DOSAFREGEN—25 1 ¥
NORELTRABFL50% T TICHRENLTEBY, #
EHBDOBEFEHFR IO WTIE, B 20>\ Tl
SHOPELETL LoD, KT8 % EET 5 X
IMEBEEINT VWD, ZOWMWHO—>2 & LT, BREEE
DOV ¥ DY = VAR A L L BE RS Tw
6(4)0

Table 2 Impacts of fuels on O-rings

Jet-Al | HEFA
Initial | 70 hrs | 70 hrs
value sink sink
test test
Fluorocarbon|Hardness IRHD-M 71 +0% +0%
Tensile strength[MPal| 14.7 +2% 4%
Specification:|Elongation [% ] 199 +4% 4%
M83248/1 Volume expansion [ %] +0.3% | +04%
Nitrile rubber|Hardness IRHD-M 62 -12% 5%
Tensile strength[MPal| 14.1 49% | -16%
Specification:|Elongation  [%] 329 -26% 6%
MS29513 Volume expansion [ %] +24.8% | +6.5%

Table 1 TH 72BN OBIRBEEZ T, 2D
OV Y7 (7vHEITLDO) 7= Y LVITLDOY
v 7) OT0RE AR L7z MR o iR ER % FE0G L
720 Table 2121ZF DR R % /RT o Table 2L 0, 7y #
TLAD0Y ¥ ZTIRHIREHC L BBV NS L, = v
TLD0) ¥ 7 TIREEOK TS 5 — T TRE Ik
LTWAIZENRRTHNS, LMY THIHHEhTw5
S MUNTLIIBT B0 v ORRERIERL, %k
DY v MERROBEMEIC LS - VRIRE L TR
L, MAEORSESTIIZOBEELHIRELZDDD
%\,

SAFOASTMIZ BT % FIHRRGEALIZ . B iTb i 7z
RATREBAE R % T L 072X TIX, 100% SAFTIZ%
JiE L BB DSBEEAHA D13 T, 50% B A T RUE & i i
T HREREIIREN TV A,

Pbk2s, BAROSAFFHIZB VT, T oMk
DFENDHSAFHEMCTIIHEEZ) F& LTHE - 53
W EOEEMEMHESEL720L, A ORERE O
T=VIZOY) Y7 OEEME B S A 2010, mAK
REH50%2SED SN TWBHEWR S, —F, RETIEE
FLIR R IRRE I % 8 2 72 IR A L O BRE &l L 72 ATk
L EOMY ADTONT WA,

20214F 1 A2, K—4 v 7412 X 1 20304F £ T,
MZEHED3100% SAFIZHE AT 2 X 9129 5 & v ) BGHLA
FEODWHH S I E Nz, F 72, AirbusidA350% v
72100% SAFRATIHABR "2 L L T b, TN Hid Bid
DFFEEEFE 2, SAFZFH L 724Kk FELo L KIZIh
72N EEZ B2 LML, 29 LaBmrs, K
HTRT100% SAFORRBERBIAS FVLFEBSAF % 3
LEBIL) %R E LTHBEDZ I LD WHETH 5,

% B, NEDOH 22 T L 72FT-SPK b [d] £ i,
ASTM-D7566 Annex-1#M& 1@ AT ARECTH B Z & A
MERENT WA,

3. HBRERfE & ABRRM

AETIE, FICJTAXARRBEABRGE M I THEMBL 2> >~
Tk 7 FIRBEREE T VIS BT BIREE - PERARTEIN %
R o JAXADHIEREERY & 3[R TIEHE L 72SAFFIH - >~
U VBB RO W TSR E IO R BT RS
FEREE A 5 EICTHEA T %0 REIZBWTIE, BBEL
BRI 72 5Bl & SBRS R F L D Bs

PRBEABRIE, JAXARAHZEFEE v > ¥ — N &
JEIRBESRBR R AN CTAT D N7z T iR HE IR e S B % fit
X, BWIEAR, SEBR, FIERO 3 RHEORBEY 7
A TW5b, ABHY ZWNIZBRBESRZRLL, A%
REFELERED LR FEfis 5. thikd 5Case 1%
R, Case 2% BHEBRICTIT o 720 BREERHITIPER
DY T 7E, A FHOENCE L7z ¢ 0.84LD W
YTNTA=TIZEDBAL TS, BASIHHER
H A OFEFIEHINZ, Fig. 41R3 X 912, skl
FEE AT THE & 720 NOxi B 1Zchemiluminescence
detector (CLD), CO & CO: i## J¥ iInondispersive
infrared detectors (NDIR), 4Rfb/kFE (THC) #REIX
flame ionization detector (FID) T& % Horiba MEXA
ONEZ Hl W TEHll S 7z B OREEZS R R T IR W
) (nvPM) O =% ¥ dphoto acoustic soot sensor
(PASS) TH % AVL MSS 48312 CEHll S iz, B
P13 condensation particle counter (CPC) (2 C&EHH
INn7z,

Fig. 512 13 & B < JH v 72RQL (Rich Quick-quench
Lean) MABEZR"% R, Fig 6121, #RE AV ZERT,
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Fig. 6 Parker-Hannifin type air blast fuel nozzle

Table 3 Test conditions

Case # t emgélregtur o Inlet pressure Pres:;trig loss

Case 1 450 K 350 kPa 4.0%

Case 2-1 644 K 1350 kPa 4.6%

Case 2-2 739 K 1350 kPa 41%

Case 2-3 803 K 1350 kPa 42%

Table 4 Test cases and fuels used

Case # Fuels

Case 1 Kerosene/HEFA, Kerosene/FT-SPK
Case 2-1, 2, 3 Kerosene/HEFA

ABRSel % Table 313783 & #4612, Table 412 % BiS
PECHH L7-BBoMAEE2 R 72720, LIREORER
WRETRTR=—AT 4 &1, 100% 7 0¥ > TR
AT 72D D D TH B, 4 FETRT CaselihERIE, I
BWRAMORMETH Y, WHALE TOEEBEIG %
i, DT T/RT Case 2ilBRIE, AEZFEE L TAL
MEZZALI M THY, JAXAZ Y —v v I v
WREFEIIBIILET VI Y VY ORITEREICB T 51
BRI A B F 2 CRRE L 2RSSR A E 1 4 T o il
RO = THIR STV 5,

4. NA FERBOBRBEHERS

ARFETIZ, SAF (HEFAXFT-SPK) % w7z Bkt
BRIZB VT SN AR 28 &2 B3 5. Fig. 713,
RQLIABER: 7 W2 RBERBRIC B 5, R—2A 514 ¥
(a) LHEFA (b) OR%EBGEZRLKL-SDTHY, %
TRTHOPH DL WERIL (AFR) &fClbikL
TWho KEDOEFESE D SHEFA 100% D5 Tld~—
ATA VAR THEDSRENZ L2 5, HoPRTkE
CAGEL TV B ZENRTHNL, Tz, FROREIE
BICTHEBLA, —OEaxHWZKL7 727 712Xk 55
SAEEH 2 5 S, HEF A EE OB o HE IR AT 2 X
nf:(ﬁ)o

Fig. 821X, N—2 5 4 » & 2 fi ®SAF (FT-SPK
EHEFA) 12%F LT, Case 1EBERSMICB W T2k
(AFR) #%Z1fbs¥7-¢ %® (a) CO, (b) NOx, (¢)

(a) Baseline fuel case

(b) HEFA fuel case

Fig. 7 Comparison of direct flame images
(Inlet condition, Case 1 (450 K, 350 kPa) , AFR=75)
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Fig. 8 Emission characteristics in RQL combustor testing (Casel)
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Fig. 10 Temperature effects on emission characteristics (Case 2)
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Fig. 5 Feasibility Study of SAF Production in Japan
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Fig. 6 Main steps in the supply chain of aviation fuel
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Fig. 1 Roadmap for Research & Development of CCU technology in IHI
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Fig. 7 ICES-IHI methanation catalyst (After reaction)
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Fig. 8 Continuous test of methanation catalyst
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Fig. 9 Poisoning test of methanation catalyst
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Fig. 12 Combination of CO2 capture and conversion technologies
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Fig. 5 Methanol synthesis activities of Cu/SiOz and Cu/
SiO; + Zn0O/SiO; catalysts as a function of reduction
temperature®. Reaction conditions: 523 K, 5 MPa, Hy/
CO, =3, SV = 33,000 h!
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Fig. 6 Lattice constant of metallic copper in Cu/SiOz and Cu/
SiOz + ZnO/SiO; catalysts as a function of reduction
temperature®
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Fig. 8 TEM micrograph of physically mixed Cu/SiOz; + ZnO/
SiO, (1 :05) reduced at 723 K for 5 h, and EDX spectra
of local points labeled D, E, F, and G on the micrograph'®
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Fig. 10 Methanol synthesis activity (MTY) of various Cu/
7ZnO-based ternary catalysts as a function of copper
surface area”. Catalysts and contents of metal oxides
are indicated in the figure. Copper content of the
catalysts was 50 wt%. Reaction conditions: 523 K, 5
MPa, H2/CO: = 3, F/W = 18,000 ml-feed (g-cat h)!
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Fig. 11 Activities of various Cu/ZnO-based catalysts as a
function of treatment temperature in the stream of
hydrogen. Catalyst:(O)Cu/Zn0O/ZrO:/Al:03/Gax0s,([1)
Cu/Zn0/ZrOy/ Al,O;,(A) Cu(50) /Zn0O (45) /Al:O5°, (@) Cu
(50) /Zn0O(50). Reaction conditions as shown in Fig. 10
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Fig. 12 Effect of small amount of silica added to a Cu/Zn0O/ZrO2/
Al;03 catalyst on long-term stability during methanol
synthesis®. Catalyst: (&) without SiOs, calcined at 873 K;
(A) without SiOq, calcined at 623 K; (O) with 0.6 wt%
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Fig. 13 Bench plant with a capacity of 50 kg-CH;OH/day for
gas-phase methanol synthesis from CO; and H:
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Fig. 14 The long-term stability of a Cu/Zn0/Zr0O2/Al:03/SiO;
catalyst during methanol synthesis from a feed gas
containing CH;OH and H20". Reaction conditions: 523 K,
5 MPa, SV = 10,000 h!, CO»/CO/H, = 22/3/75, partial
pressure of CHsOH = 11 kPa, partial pressure of H:O =
6 kPa
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Fig. 1 Schematic diagram of single-burner furnace
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Fig. 4 NH3s injection from side ports of furnace
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Fig. 5 Schematic diagram of multi-burner furnace
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Fig. 6 NH3s injection in multi-burner furnace
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Table 1 Fuel properties of test coal

Coal MW AL LM MOl [ MO2 | MO3 | MO4 NL

Ash [wt%] 3.2 10.6 4.5 14.0 12.6 14.8 12.7 15.1

Proximate | Volatile matter [ [wt%] | 51.6 46.7 43.7 36.0 35.4 33.7 34.5 27.7

analysis | Fixed carbon | [wt%] | 45.2 42.7 51.8 50.0 52.0 51.5 52.8 57.2

Fuel ratio - 0.88 0.91 1.19 1.39 1.47 1.53 1.53 2.06

C [wt%] | 68.4 68.4 75.9 70.1 73.0 71.2 73.9 71.8

. H [wt%] | 4.89 5.40 5.57 4.82 4.90 4.55 4.99 4.22
Ultimate

. N [wt%] | 1.33 1.20 1.29 1.64 1.74 1.72 1.73 1.47
analysis

O [wth%] | 22.1 14.0 12.3 9.0 7.4 7.4 6.2 7.2

S [wt%] | 0.19 0.66 0.43 0.49 0.44 0.44 0.50 0.31

Low heating value [MJ/kg] | 25.4 28.1 30.0 28.4 29.2 28.1 28.9 27.4
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Fig. 11 Influence of NH3 injection stage on NOx concentration
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Fig. 12 Influence of NH 3 injection stage on unburned carbon
concentration in fly ash
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Fig. 13 Influence of NH3 injection stage on combustion efficiency
of combustible components
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Fig. 1 Concept of ammonia cracking gas turbine

Table 1 Characteristics of Ammonia combustion and
consideration for large gas turbines

Characteristics

of ammonia Considerations for large gas turbines

combustion

Slow - The size of the combustor increases to secure the
combustion time necessary for completing the combustion.

speed (about
1/5 of that of

- Since the large gas turbine is composed of a multi-
can combustor, there is a restriction on the size

methane) expansion of the combustor.
- There is little room to allow Fuel NOx because the
combustion gas temperature of a large gas turbine
. has been increased to the extent permitted by
Nitrogen
contained in Thermal NOx.
fuel - Lowering of NOx by two-stage combustion is

considered, but in the case of a large gas turbine,
there are many technical problems such as
upsizing and complication of the combustor.
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2. 7oEZT7RHEFIAGTICCY AT L

7 v E=THHGTCC (Gas Turbine Combined Cycle)
VAT LD E%EFig 210 Te RV AT AR —
CYOPTADBEEFHLCT v E=T 2 KELERIC
SR, BRCEAMLEN TV B RERBEON A Y -~
PRBESE, T 72 3BUEB S TR O K FEEBERBERF 1 X 0 BRE
XEbbDTHb, TV EZTHRIET VE=T1E
W7z 0946 KJOBDBLEETH 505, HALZHITT
VEZTHKRFICR DL L THEOFEBE D14 OB
e LTbsgmAEsn b, Lz25-> T, GTCCH A 7 v
& UCGTHEA ATREEDERIENE A & 7% B T THEEFIH
T & AURTE B 2 BT I

Table 212, ()7 ¥ =T 537 A & RIRIT A % 1 BE
L7zia s, 7 Y BT M7 AZEREL LI2HED

Calorific value increases 1.14 times
by chemical recuperation
NH, + 46 kd — 3/2H, + 1/2 N,
317kJ 363kJ

H,, N,, and
NH, residual NH,4

Ammonia Cracked gas

cracker

Exhaust heat

Gas turbine

Fig. 2 Concept of ammonia cracking gas turbine

VAT LD ERT . RBEO A, SfF A & RIK
HAZBREL, BRBESRATTTOREOMBIZB W TK
FORBEEGH20%E %5V AT A2 MEL. Thi3,
FFFEOFRAR FJ A KNOXBRBERF T% &\ RBENT
R KFIREDOHPATH %o KEOBRIE Y2 ) OFEE
BRI ALY /NS0, T rvEDT ORI
TIEHI6S5%DIRBEE %2 B T VBT DI VT2
ELT, HRAY =Y 0l A 28R E T 5P IR
4 T THERL7KRER AT 2R EBET L TWw5 25,
FRZIRBEY AT 2 OB AR OHEBREIER 4 5 205
KRG " T BT H LT B REEDSH D, g
W EEZEN LR W E DM TH 5,

—J, TYEREZTHMAAOEEEY A7 21, KFE
75%, #EFE25% (TN HMEKMEEE) D5 R &R
BE LTBRBESE 5720, BUERBH I DO IVF 2 5 X
F—nN—F =[5 L, BEHFEIO%THTAY—Y 1
B d 72 AEHK1100T tOCOHIBRN R WFTE %, B
BEY AT DAZCOMIBAIRAK & VIS D 5 7%, KHE
BREO BB DA D MBI K & 2 7 v €= 7 5%
B (7 v E=7#HEM170 t/h, GTCCHFI#530 MWD
BE) PREERD, TS ORIICIE—EDORR % %
ThHEEZON, 72, TYEZTOMMRA > 75DE
FACHHEE D 0% EZ BN END, BICHHED
N—= PR WRBEY A7 A %% L, X EELRY A
T A DOEJUTLE RPN L EBROER K> T 2 &
WHETH 5,

Fig. 312, 7 Y E=T 5T ALY A T 5 OBERE R
K%, Table 3ICF Y AT L DOPERER RIKT A E 7
Ay -y EHBELTRY, METIE, TrE=T5H#
BEEEHDOSME LCCase 1 (500C, 3.0 MPaG) &
Case 2 (600C, 5.1 MPaG) #It#xL Citikl 72,

Table 2 Comparison of co-firing system and mono-firing system of the ammonia cracking gas turbine

Type of the system (a) Co-firing system (power output: 430MW)

(b) Mono-firing system (power output: 530MW)

Composition of fuel at | Mixture of natural gas (almost methane) and
the combustor

ammonia cracked gas (H,=75 vol.%, N,=25 vol.%)

Ammonia cracked gas (H,=75 vol.%, N,=25 vol.%)

Ratio of calorific value 6.5%
of initial NH; (when H, = 20 vol.%)

100%

Required equipment + Small NH; cracker (10 t/h)

+ Pre-mix combustor (state of the art)

+ Large NHj cracker (170 t/h)
+ Multi Cluster burner (under development)

Reduction of CO,
emission

30,000 t/y/unit

1,100,000 t/y/unit

Utilization of H, 10,000 t/y/unit

180,000 t/y/unit

Remarks

+ Modification of existing systems (retrofit) is possible
+ Fewer R&D is needed compared with mono firing system

Larger contribution for CO, Reduction
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Fig. 3 Schematic of the ammonia cracking gas turbine
(mono-firing system)
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JEJIDMRCGEE XD D G RREE AR EED YK E <,
T YRS THRBOLEHL OOKRR 7 ¥ = TIREDE <
%bo T Y EZTHROLENOOKRE 7 &= T iRE
PR kb L, TYyEZTHIUED2SEET v E=T7H
ANIHA 7 NVT LT VEST OREHIEIN L TREIR
TR B E 2 BE R T V= 7 MBS T R 3,
BT %, ZTORE, 7T HHERCHET
LIAERBEDKREL Y, BREHOESR Y - OMIH
ML, GTCCE LTosEumihiig, RKARTZAEEZD
FE12557 MW 725723 D 2%505 MW (Case-1) 8 X 18534
MW (Case-2) 7%,

F72, T VEZTHRIENBRNIGEICE, SR
BIHAY —E T BB, PRET AR X B -
JES LB L 2 bo SR TI A1 MPaG? Case-2 T ld &
B A MBI ARECTH L5, GIEETIH30 MPaGD
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GBI PR ELS b, TOME, EEmMITE L
TR I A E DIEIZH46MW7Z 5 72 D DH3460 MW
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R E LT, B ORBEORIR, & —
YU EBIRA O EEIMEIA, B - OWIET
WER, DTHEEOWMRE N OREL T RTEETLH L,
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Lol
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NTWna7,

Table 3 Performance prediction of the ammonia cracking gas turbine (mono-firing system)

Ammonia cracking
Ttems Unit Ng%férced GTCC Remarks
Case-1 Case-2
Ammonia cracking temperature °C - 500 600
Ammonia cracking pressure MPaG - 3.0 5.1
Heat of fuel before NH; cracking % 100 93.6
(relative)
Heat of fuel after NH; cracking (relative) % 100 107.1 Heat increases 1.14 times by chemical recuperation.
Heat for cracking reaction MW - 185 172 Cracking at the lower temperature case requires
larger amount of NH; recycling.
Heat for NHj stripper MW - 68 56
GT output MW 381 448 Increased due to larger combustion gas flow.
ST output MW 176 57 86 Decreased due to extraction of HP steam flow.
Gross power output MwW 557 505 534
Gross efficiency (relative) % 100 96.7 102.4 Auxiliary power for the cracking system is not
considered.
Aux. power of NH; cracker MW - 354 34 Cracking at 500°C case requires a fuel gas
compressor load.
Net power output MW 546 460 520
Net efficiency (relative) % 100 89.1 101.7
— 48 —
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Fig. 4 Outline of new combustor for hydrogen co-firing

Fig. 5 Multi-cluster combustor (under development)
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Fig. 6 Schematic of the practical pressure combustion test rig
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Pressure fluctuation inside the 1650C class combustor at
rated power output
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(b) Results of temperature measurement

Fig. 8 Temperature of the 1650C class combustor at rated
power output
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Fig. 9 Relationship between ammonia concentration in fuel
and NOx concentration in exhaust gas (at rated power
condition, turbine inlet temperature: 1650 )
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Fig. 10 Relationship between ammonia concentration in fuel
and NOx concentration in exhaust gas (at partial load

condition, turbine inlet temperature: 1450C)
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Fig. 11 Instantaneous temperature contour by transient

(a) 1650C case

(b) 1450°C case

combustion CFD Analysis
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Numerical Simulation of Erosion and Aerodynamic Performance
of Lean Vane in Turbine
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ABSTRACT
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FUKUDOME Koji YAMAMOTO Makoto
WA IEW*? Kb i
SUZUKI Masaya OKITA Yoji

The turbine inlet temperature (TIT) has been increasing to develop the high-efficiency jet engines. Realization
of the high TIT needs a higher-heat-resistant material. Ceramic matrix composite (CMC) is the most promising
candidate, though it is weak for erosion. We have focused on an aerodynamic approach to reduce the erosion damage

for the safety and long lifetime. In this study, we carry out multi-physics numerical simulations for lean vanes to

evaluate the erosion damage and aerodynamic performance change. As a result, lean vanes improve aerodynamic

performance, while they enhance the erosion damage of ductile material. The erosion increase is caused by the

primary and secondary impingements with low impinging angle. Therefore, lean vanes made by brittle material such

as CMC are expected to decrease the erosion damage.

X—J—FN: ¥l Ial—vary, =¥y, Yy bV, Y=V, BrrRIu—-yY3av
Key words : Numerical simulation, Turbine, Jet engine, Lean, Sand erosion
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Table 1 Details of lean parameters

Control section A B C
Span ratio[-] N/A N/A N/A
Original
Rotate angle[deg.] N/A N/A N/A
Span ratio[-] 045 0.50 0.55
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Rotate angle[deg.] 1.0 1.0 1.0
Span ratio[-] 040 0.50 0.60
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Rotate angle[deg.] 1.0 1.0 1.0
Span ratio[-] 0.25 0.50 0.75
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Span ratio[-] 0.45 0.50 0.55
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Rotate angle[deg.] 0.0 -10 0.0
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of first impingement
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Fig. 20 Comparison of erosion mass

Table 2 Breakdown of erosion mass

Cutting Deform Total
erosion [—] erosion[-] erosion[-]
Original 0.722 0.278 1.000
CL1 0.747 0.284 1.032
CL2 0.747 0.284 1.031
CL3 0.748 0.283 1.031
CL4 0.764 0.286 1.050
CL5 0.755 0.284 1.039
CL6 0.730 0.282 1.012
CL7 0.727 0.281 1.008
CL8 0.731 0.281 1.013
RCL1 0.744 0.270 1.015
RCL2 0.745 0.266 1.010
RCL3 0.747 0.277 1.024
0.350
® Original
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— uCL4
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Fig. 21 Effect of impingement angle on erosion mass
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Fig. 22 Effect of impingement velocity on erosion mass

ERET DI —-TVa YEERT, TU—Y 3 yaid
Original B v — Y 3 v, 2l I3 A E T
WAL L7z — KBTI, U — Y OEMIBRICE Y,
Fig. 23® X 9 1Z0riginal & X ) HHEMEI/NE L 2 D,
TORER, WmEAES° LT Tzu—Ya yEaHL,
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Fig. 23 Schematic diagram of difference in impingement angle
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SiC/SiCt 7 3 v 7 AME M e
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Damage Analysis of Environmental/Thermal Barrier Coatings for
SiC/SiC Ceramics Matrix Composites

BLE 3R AR P!
NEGAMI Masahiro KYUMA Kohei
DGR ESS ok

SHIMOMURA Ikuo AZUMA Makoto

ABSTRACT

Ikt AR

INOUE Toru TAKAGI Takeshi

/N A ST S
ODA Takeo IGASHIRA Kenichiroh

SiC/SiC ceramics matrix composites (CMC) are considered to be promising materials for high temperature
component in aero engines. Environmental/thermal barrier coatings (E/TBC) are used to prevent CMC from oxidation
or recession. When sillous materials, which called CMAS (Calcium-Magnesium AluminoSilicate), are sucked into
aero engines, it deposit on the surface of E/TBC and deteriorate E/TBC.

In this study, effects of CMAS on E/TBC at elevated temperature was investigated. Eight kinds of E/TBC samples
including 8 wt.%Y>03-ZrO2, 20 wt.%Y203-ZrO2, Gd2Zr,07, Yb,SiO7 Yb,SiOs and Y2Si,O7 were evaluated. For
Gd2Zr,07, Yb;SiOs and Y,Si-Oy, protective layer was formed, which prevent further penetration of CMAS. Yb,SiOs

exhibited the highest resistance to CMAS attack.

X—TJ—RKN:HR¥-¥r Yy bz, CMC, i&EEia—71 7, CMAS
Key words : Gas Turbine, Jet Engine, Ceramics Matrix Composites, Environmental Barrier Coatings, CMAS

1. [EUBHIC

MzZeL Y A L CdRE— g 0Bk RE, Rk
DM E2SRO SN TBY, F—1—VThbrv It
77 a Y OERMBNOZERLE L o Twnd, £
DOFPE & LT, MERONIZE A ST L TiRED
D B % KR ) W] R 22 R AR o & L
T, SIC/SICt 7 3 v 7 ZAEME (Ceramics Matrix
Composites; CMC) DBAZEMHED 5 LT 510,

SiC/SiIC-CMClZ, B #H DK ERIREEICB W TIX
BEALIRA ST AT 5 728, RBEFHEA DO KER D S
SiC/SIC-CMC% Ri# T A 7-DICEEI—FT 14 V7
(Environmental Barrier Coatings, EBC) % i # 2 —
7 4 ~ % (Thermal Barrier Coatings, TBC) #»%i#i fH X
Nb, INHI—T 1 ¥ FHITFEENBEET THA 5%
WX G221 555, HAERICHEL ZoTwd
DN, WA L7 EEAHTI I L DB TH 50, A

JEiRRZAr 20204 8 H28H
AFE T 202144 H 8 H
% 1 Il e T SERR
T673-8666 HIATHIINGNT 1-1

E-mail: negami_masahiro@khi.co.jp

M E & L CTCa0, MgO, AlOs, SiOx% & & 13 5
BEM, INLEHFRL TCMAS (Calcium-Magnesium
AlminoSilicate) & IIENTWw 5, CMASIZ12007C Hif £
DEMETH A7, TV YNTHEBL, SRS
I—T 4 Y7 RMIHNET 5. 17 L7ZCMASIZ I —
TAYTERRLZY, HHVEIT—T 14 ¥ TR
L, fix oG5 &3, LETIE, FHMOEBC,
TBCH B DCMAS L DB HEY R E D X 51 = X LD
HEBREH RIS TBY 7 —HOEBC, TBCH ¥ Tl
CMASERmMA LH LK OIS THE LT 287 4 F 8
BERMICCMASEBAZ I T 2 2 & e Eosfkis E T
W B 000,07 5 KR o) BB & B IRT G LSRR L 72
Bl A7 v, Z 2 TARAFZE TIXKMMEBC, TBCH o
CMASHBZEENZ DO W TIRA L 728 B2 5T 5,

2. EBAE
21 d—7q1 > TJHBR

BRSO 121230 mm X 20 mm X3 mmDZ{LE T
VI FOWRE Wz, ORI LT, FMEBC, TBC
ME %2 KA 7T T A~ iEs (Atmospheric Plasma Spray,
APS) IS DT L7z HE TBIEI340.2 ~ 03 mmE
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L 720 Table 112, SRR LIz —F 14 7R
B o—58%Rd, $7z, &lkBh OwS# o Bk
#Fig. 1IZ/R" 3,

Table 1 APS coating samples list

Symbol Chemical Composition  Remarks
8Ysz 8 wt.%Y,03-Zr0,

20Ysz 20 wt.%Y,05-Zr0,

20YSZ-P 20 wt.%Y,03-Zr0; High porosity
GZO0 Gd,Zr,0,

GZ0-P Gd,Zr,0, High porosity
YbDS Yb,Si,0,

YbMS Yb,SiOs

YDS Y,Si,05

2.2 CMAS

AR TIE 2 FEHOMBEE O 7% 5 CMASKH K % H v
720 CMAS-AZ, 33Ca0-9Mg0-13A10,5-45Si02 mol% D
HMBEOCMASTH Y, ZOMBITEREDY —KRT ¥ 7 b
LYYV MO NIHEAOME T E D LD D
TdHbo CMAS-AZHTIR DML DR % Fm, RAEL
7eob, 1500CTHEmL, Bl TERLZ 39512

DCMASH & L TIZAFRL-03 (Powder Technology Inc.
#) % fv7ze AFRL-031%, SKEIZ=EHIZEAT 2SR HERE
B2V VWA A REL TR LEHEKTH Y,
ZF DO E Table 2I2R3 8 Y) TH 5B,

Fig. 2128 CMASH KDSEMG (ZRET1%) %R T
2.3 CMASKICHER

CMASHIRAZTE MY ERGELTATY —RRIZL
%, I—7 1 v 7 REBR R ICEA = 2%40mg/cm? &
%% X )T A L7z,

CMASBA ORI KAFZMAOELRNICT,
1350C CHrE OIEM O BME % 4T - 720 S, Bl
3% 9C/mink& L7z,

2.4 RISHOFFHE

CMASKUG BT, BIRMLAL YN, WRELZIT, &
AN E WM $E (Scanning electron microscope, SEM)
2 & 5152, i O'EDX (Energy Dispersive X-ray
spectroscopy) (2 & BT %47 - 720 72 BSEMEHEE
BV TR UHE G Hoe L7z,

3. RBRIERLER

a—7 4 ¥ 7B & CMAS-A 1350/ 50 hod £
JLEZ &0 PO & 2 72 3R o i AL ERSEM{% % Fig. 3
12, AFRL-03& 1350/ 50 hJE & & 72 3B 00 W i

Fig. 1 Cross-sectional microstructure SEM images of APS coating samples, (a) 8 wt.%Y203-ZrOs, (b) 20 wt.%Y203-ZrOs,
(¢) 20 wt.%Y203-ZrO. (high porosity), (d) Gd2Zr207, (¢) Gd2Zr.07 (high porosity), (f) YbsSi2O7, (8) YbsSiOs, (h) Y»Si»O7
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Table 2 Composition of AFRL-03 CMAS

Mineral Chemical Composition Amount [wt.%]
Quartz Sio, 34

Gypsum CaS0,-2H,0 30

Aplite NaAISi;0g 17

Dolomite CaMg(C0,), 14

Salt NacCl 5

FRSEMf4% % Fig. 4127779, &8, CMASALKnEE7z
YDSERER ., M OFAFRL-03 & RS ¥ & 7220YSZ, GZO,
YDS#HERF I BV TIL R — BRI #2354 U 7225,
Fig. 3, Fig. 4 I3 RFBEH O WHALIKZ /R L TWb, F
7o, RFEEFERF B Ul EER A v DA T oo W fi #
WA G L 720 DT T, AR OB ORI D
TikR %,
3.1 Ay b MUTRELRYILOZ

8YSZ, 20YSZ, 20YSZ-PORER T IZBWTIE, Tied
£ LEEPHER SN,

8YSZT X, CMAS-A/AFRL-03® & 5 OCMASE
DORIBHIZBWT Y, RRESBEL L7230, £
IR LD L) RRILBR SNz, /2, HEHICE

Fig. 2 SEM images of CMAS powders, () CMAS-A (33CaO-
9MgO-13A10,545Si02 mol%), (b) AFRL-03

Fig. 3 Cross-sectional microstructure SEM images of APS coating samples reacted with CMAS-A (33Ca0-9MgO-13A10,545Si02) at
1350C for 50 h, (a) 8 wt.%Y203-ZrO2, (b) 20 wt.%Y205-ZrO2, (¢) 20 wt.%Y20s5-ZrO: (high porosity), (d) GdsZr207, (¢) GdsZr207 (high

porosity), (f) Yb2Si»O7, (8) YbsSiOs, (h) Y2Si207

— 64 —
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BRI D 7 5y 7 34 L Twize 20YSZ, 20YSZ-P
Ti%, CMAS-A/AFRL-03D &5 5 OCMASE O I )it
BIZBWTH, EREEKICHKZ2EAIAEAELTB
D, F72ZOREIZ20YSZOIE ) A3 L\, Fig. 5 (a)
1220YSZP/CMAS-A#ER H- o st 5 rfr e 5 o0 41 KSEM
% (HETHR) THYH, HPITRL7ZHOITLEGIHT D
#EH13 Table 3IZ/R LTV 5, EDXTOICHEIHHEH &
D, REETHE TR 28 (D) [ ZCMASH, B
5L R R BH (@) BZrOMTH 5 L HMW§ 5, &
DX ) DRIk & F ORI AFAE T H5CMAS
W) MR AR b7z o TIIEL THB Y, 78
7 A b7 EOMOREETE ISR LT B R T IR
DWThORT ORI N o7 T2, 20YSZ/
CMAS-A, 20YSZ-P/AFRL-03, 20YSZ-P/AFRL-03T & [F]
FROMBEIBEE S L7z,

%9, 20YSZ, 20YSZ-PIZ A U 7MLk 2 AL o F A J5i
HIZOWTELET 5, HEDMEIIBVT, £ v )T
BTNV 3 =7 ZFLRITER A L 72CMASIZ L%
DREVKILTITFHE LI WS EPEBRIITRENT
WaY, L72285T, CMASEARED —EmDRILAK
T TR AWML D B, 72, Fig. 5 (a) ISRTEY
CMASIZIZE A EDZIOFLDIZA D AATEBY,

(@) avsz®

BRimEE T Tl SRR, &5 WIEPEEmo X9 &
REL Lo TOWTRBEYRD 5. T X9 HRIREOREE
WT, BRI ERTAVEF—2 FIF57-012814L
TV 2R, 2L 9) LR EFILVTER S Lz T
Bt ERZ TS,

W2, Y03% ALH ORI & O BT D W THRE
T 5o 8 wt%Y203ZrO: (8YSZ) £20 wt%Y20s5-ZrO:
(20YSZ, 20YSZ-P) L M $ % &, 8YSZTII R #£
JEfFIE T RKR—F 24L25HEE L T % 2%, 20YSZ,
20YSZ-PTId & DITHBESIRIZ DIz > TR—F 2Ltk
LTwb, F7:, CMASHIA AR D7 5 THIE
LTBED, ZrOACMASHITHTIIE L7z & 9 Bl e -
TVl ZHOBEIHL .

ZrOx~DY05% EALH O WM IOV T, Krause b
1348w t.%Y205-ZrO: 28 WCMASIiH A Z Fio 2 & 2R L
THEY, TOERKE L TCaYs(Si0)6027 785 4 MEK
12 & H5CMASIZ AR IERI R & 25013 T 5", —FCosta
51 8 wt.%Y205-Zr02 & 12wt.% Y 203-Zr02.» CMASI P
Z R L, 12 wt9%Y203-ZrO:® 1% 9 BSCMASE A &
BREDoZEHREL, TORME LT, ZEfbAIT L
B RFEZEILOBINN & 2817 T 5%,

VU EORATH RO RE T 25 L, SHOREBRTIT

Fig. 4 Cross-sectional microstructure SEM images of APS coating samples reacted with AFRL-03 CMAS at 1350C for 50 h
(a) 8 Wt.%Y203-ZrOs, (b) 20 wt.%Y203-ZrOs, (¢) 20 wt.%Y203-ZrO: (high porosity), (d) GdsZr:07, (¢) Gd2Zr.07 (high porosity),

(£)YD2Si207, () YhsSiOs, (h) Y2Siz07
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Fig. 5 Higher magnification cross-sectional microstructure SEM
images of APS coating samples reacted with CMAS-A
at 1350C for 50 h, (a) 20YSZ-P sample (Fig. 3 (¢) 5-a), (b)
YbMS sample (Fig. 3 (2) 5-b), (¢) YDS samples (Fig. 3 (h)
5-¢)

fili L 7220wt %42 BE DY 0D WML 7 788 4 MBI IE
AtaTH Y, CMASRAIMHIZ R v EHEE S H
%o & HIZEEAM OMINICMASIEF 2 EEL, XD
SHLCMASRBAZEL S ELEEZOND,

3.2 ARYZHLIILaAx—b (GdaZr:07)

Fig. 3 (d), Fig. 4 (d) /"3 Y, GZOREH Tl
CMASDR A & % #EAk, 2B IZ 8 o 2 m A7 2
5140 ~ 180y mTIEE > TwWb, 72, Fig. 3 (e), Fig.
4 (e) ITRTHEY, BHERILFEOGZO-PRER TIX, 90 ~
120pmé&, XDBRAERSIEINS v, — R TBCHE
TH 5 8 wt.%Y205ZrO: Tl R ALE DML T 9 2ICMAS
BACH T EREH EHE SN TWEE, B
LR E oz TOREMIE, 785 4 b OBHZT)
EDOBEDSHEMN SN S GdoZr:0713CMAS & D I 12
£ 1 CasGds(Si04) 6027787 4 b ETEH L, Z OMEHE
DT85 A4 M D CMASE AR L E ik & #o
LE3NTWwaY, FILEDENWGZOPORFICEWT
X, CMASH L W EZIEBENICRATLEEZ LMD
5, SNICEDBHIIT N A MR TAZEIZLD,
CMASIRAD D Z - T Z LN TIE R &
s,

F 72, GdoZr0712 % 97 ACMASE A 1Z, CMASHL
WDCa/SIt DL 21T 5 L OHEDDH B, Dengb i,
AR OCMAS-A & 6] UHLE OCMASH &, CaO% Ik
5 L 72CMASH D GdaZr:0712 %} 3 5CMASER A % b
L, CaO% S L72CMASH D13 ) BMREAMED BV
EERLTWBEY, —J, SROREIZB W TCMAS-A
DCa/SiE NV IHIZ0.74128 L, AFRL-03DCa/SiE WV it
041 TH LD, RARSIINIELL L oTnDE, TOER
DEHATH 57, ZORKEIL, WHE OGN OZEIERA
TrLHEESND, ThbE, CMAS-ADRN1240TY
\ZxF L, AFRL-03D @l M131140CY <, RERRIED
1350C TIZAFRL03D 13 ) 3 & D AFEEAMR K B IR
ERILICR AT 5 2 A TERBIICT /8% 4 b2
L7722 EI2L D, CMASEREAPHIZ SN-TTREMED S
%o

Table 3 Elemental composition analyzed by EDX (at.%), Region number corresponding to the number in Fig. 5

Sample Region Ca Mg Al Si Y Yb Zr Estimated phase
20YSZ-P @® 19 4 33 22 5 - 17 CMAS glass
@ - - 28 5 16 - 52 Zro,
YbMS ©) 17 20 B 28 - 34 - CMAS glass
@ 15 - - 36 - 49 - Yb-Ca-Si apatite
® = s . 9 s 91 . Yb,0,
® - - - 28 - 72 - Yb,SiOs
YDS @ 6 3 25 50 16 - - CMAS glass
® 8 3 1" 39 39 - - Y-Ca-Si apatite
©) 1 - 10 50 39 - - Y,Si,0;

¥ EDX quantitative analysis values are corrected to that sum of all cations concentration should be 100 at.%.
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pail
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Fig. 6 EDX mapping results of Silicate coating samples reacted with CMAS-A (33Ca0-9MgO-13A10,5-45Si0;) at 1350C for 50 h.
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A Study of Flutter Suppression of Rotating Labyrinth Seal
Utilizing Stator Fin
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ABSTRACT
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In aero engines, a rotating labyrinth seal is commonly used to reduce the flow leakage. It is susceptible to flutter

vibration since its lower stiffness. The aim of this study is to investigate the way to suppress it effectively while

improving the flow leakage performance. To realize this, stator fin is introduced at upstream and downstream location

of the rotor seal fins and its effects of the flutter suppression are evaluated utilizing one-way fluid-structure interaction

(FSI) simulation. The simulation results show that upstream stator fin significantly improves the aeroelastic stability

and the detailed mechanism to enhance the stability is revealed. Through this study, a new method to suppress the

flutter with high leakage performance is established.

XF—T—F:1FE) A=), B 7Ty 8, IRhR, A R, Se B
Key words : Labyrinth Seal, Flutter, Flow Leakage, Fluid Structure Interaction Simulation, Passive Control
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Table 1 Specification of tested Labyrinth seal

Number of fin 4

Fin clearance 200 £ m

Support location Low pressure side

Clearance 200um

\\\\b
Flow
Tip Dta meter

®=389.6mm

(.
(a) Test labyrinth seal

(b) Unstable mode[2 ND]

Fig. 1 Test Labyrinth seal and unstable vibration mode

mﬁ%ht#m%@®74zﬂﬁémg

WCHEFIEEERI S 7 4 VR RITAIEICE ST,

(b) Case B

(a) Case A

Fig. 2 Geometry of stator Fin
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Pre-stressed modal analysis
[ANSYS Mechanical]

i -|7 Periodic & static

Unsteady CFD displacement
with mesh morphing
[ANSYS CFX]

Aero damping
Calculation
[C-program]

Fig. 3 Simulation of stability evaluation[one-way FSI]
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Table 2 Boundary condition of CFD

Location Item Value
Total pressure 0.28[MPaA]
Inlet boundary | Total temperature 297.15[K]
Flow direction Normal to boundary
Outlet boundary | Static pressure 0.10[MPaA]

Other walls Non-slip, Adiabatic

fiﬂ_lﬂ £ G " -iiH Eﬂ&gm

Rotation speed
1,800 RPM

Inlet Boundary

(b) Cross sectional view

Fig. 4 Computational domain of flow simulation

Rotation Speed
1800 RPM

Fixed
Support

Fig. 5 Simulation settings[Modal analysis]
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Table 3 Simulated aerodynamic damping (Log-dec)

Mode Original Case A Case B
2 ND forward -0.0145 0.0484 -0.0419
2 ND backward -0.0107 0.0264 -0.0185
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Development of Continuous Zirconia Fiber as a Reinforcement for Super Environment
Resistant and High Strength Oxide/Oxide Composites

RBAN BgE!

HASEGAWA Yoshio

ABSTRACT

zH BIE FE
QIN Qing TETSUI Toshimitsu

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, continuous zirconia fibers restrained crystal growth as reinforcements indispensable to CMC
was synthesized by dry-spinning method using molecular designed zirconia precursor polymers. Then, C-coating
on fibers surface by bubble-flow method with hexane vapor was formed and the fiber bundle was fabricated into

zirconia fibers uni-directional reinforced composite with zirconia matrix. Finally, the gap-interphase formed at fiber/

matrix interface by burnout of C-coating caused pull-out of fibers when CMC fractured. So, basic processes for

mass production of continuous zirconia fibers and carbon coating appropriate for the fiber/matrix interface have been

developed.

F—T7— K EER, Vovas Tl FaE, RICWAREEME, Yy b Uy
Key words : Dry-Spinning, Continuous Zirconia Fiber, Fiber/Matrix Interface, Oxide/Oxide Composites, Jet Engine
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Si(0.2)-028 cured at 95C for 4 hours in saturated
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