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Particle Properties Powder properties

(first characteristic) (secondary characteristic)
Particle size distribution Packing property
Particle shape Compression property
Surface properties ﬁ Strength of powder bed
Interaction between particles Floodability
Strength of single particle Flowability
Particle true density Powder bulk density

Unit operation

Grinding
Mixing
Drying

Classifying
Dust collection

Fig. 1.1 Physical properties of particle, powded$and unit operations.
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Table 1.1  Milling machines and mixers used fotipkr composite process.

Milling machine Mixer
Impact-type Rotating casing
Pin mill, Disc mill - _

Centrifugal classifying type Vibration casing

Attrition-type Rotating Screw

Ball mill Agitated rotor
Rotation

Vibration

Planetary
Centrifugal fluidizing

High speed type

Agitated ball mill
Vessel type

Jet mill

Fine particle Coated layer by fine particle

Core particle Core patrticle

STEP 1 STEP 2

Fig. 1.2 Particle composite processed by mechanochemidalote
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(a) Mixing process with high stirred shearing migdMMS).
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(b) Mixing process during the treatment by attritictype mill (AMS) of the powder treated
300min with HSSM.

Fig. 1.3 Change of degree of mixing with HSSM arid$\
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Table 1.2 Phase transition by mechanochemical psoug

C-Y203 — C'YZOS
cubic monoclinic
/3 -G8.203 — /3 -Ga203
monoclinic hexagonal
Y -Fex03 —  Y-FexOs3
cubic hexagonal

10
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(a) 0, LaggSry,MnO; (LSM)
N e \Triple phase boundary

Electrolyte : ScSZ

Fig. 1.4 Microstructure models for SOFC cathodes;
(a) 2D Sructure.

(b) 3D Sructure.
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— 7 BRI ALER 2P a2 Ak — 2 a B IR DO BLEN D | AR — L& VT,
BRI R BRI E R 2 53 22 L1080 A k2 G T D FIEB RS
TND, T OHAE TIEEAIVE W, LaOs M3 ABET FhFmfEEE 500nm) MnzOs
B R 70nmY)as . LaMnOs RS A L CEBZEMHLMNICENTNS T, &5, FDK
JET R AL, B RO LR AN DL LaMnOs D& AT 3 DR D >
MBDHZEN, RRIITRSNTND,

FZTARIZE T, BRI LT, SR ETOME NI SHICH R TFEEDO/NSUV LazOs
FrA(300nm): MnsOs A (35nmYe VA Z L2 K0 AR O WM ER T B4 AR 1
FE NI 22 FAE L . JVERFE TO LaMnOs ¥R DA A FEBL 52 &% B iy L
L7z, E70, BER IV AL B R S fF D LB By (R D kL - # 1 Z2 {b % | SEMIE VT

He

VAN

TEM-EDX [ZXVEEMICEBIZ LT, DL EDOEBRAMEHILY, BRI IZED LaMnOs ¥
KA ae 2D &3 T,
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Table 2. LT FEIE L THWZMAREIO Rtk a7~ 37, £z Fig. 2. 1K MG (RO
SEM BEZ/RUTZ, LaeOsiZid, TR OBMAEHBET R mfE#L A 2, Deer = 500nm¥
HOPUDFRILE L T=6 D% Wz, T, =% ) — LTy a=7 R — L (EE
10mm)e T 18h AR —/LULALERL | ol K5 700°C T 2h BVLEEL 72, ALER{% oD
LaeOz k3D BET LR AL 213, 300nmTdH -7z, —J5, MnsOa D HFJFRHZ X T

iy IRFEH Deer = 35nm)@ sz ~7 U7 /L8 SGMNOOOLY Fiv V7=,

222 BRIV

Fig. 2.2 (2, K A RIS W2 B OB X278, ARSEE Tl BRanEs
D, bHMEE R E FFon—Z — A5, FiNEEL 0 —2 — LD/ T, 3k}
I RIZER ) 72 MG ) & AW ) % @ i IR L B2 528N TED, MR LTS E DR 2R
NEIE 80MMTHY, &, —F— DM EILELIC SUS304TH D, AFEBRTIL, n—F—
ERFRNBELDREIFRZ Imm LLTZ, = IXEENE—Z —ICIOEEIL | BRI TN
—Z N EOFAEI CEHIDNT o TVD, FIZKNITITRL TRV, FEHAIBEDJEDIZ
KB T ¥y RRRITHITEY, BAEAKICEAHHAINAIEETH D,

2.2.3 R EM

3 JERED LaoOs & MnsOa % J5 -k C[La] :[Mn] =1:1 L7225 X912 A7 C 70gFE &
L. Fig. 2. 21T R LT BRI A U T, BRSNS DM AR LR R & H (U 20°C,
I EE 5O%)TITV N AATEN 1A% 2kW L7225 ST [BIERE 2 R E LTI T o7, FEERDEIEEEIE
BIHIZITH 1700rpmTdH - 7228, MLEREF 2T e (2> CEN MK F L2720, [mliindkE
PEEITHEINS | 1700~4500rpmd[E] CHHFEL 7=, FEERHIE, B DKE T vy MTmA]
IKZGRL TR EIL Tz, 25531 O fig i B L T TALEERFE] 120mind F2ERIZ IV T
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Table 2.1  Starting powder materials for mecharsgathesis.

Supplier  Preparation DeeT*
Kishida ground with ball mill in -
L2203 Kagaku ethanol for 18h and heated 300nm
MnzO4 Kyour_ltsu as received 35nm
Material

* Deet : BET equivalent diameter.
** pefore grinding (as received) :#r = 500nm.

R .
# By =

(a) LaOs (b) MnzOa4

Fig. 2.1 SEM images of the starting powders fochaaical synthesis.
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Inner diameter:
80mm

Fig. 2.2 Schematic illustration of the attritioypé apparatus.



140°C T o7z,

2.2.4 SEREORETAE

PERA VIR Lo TR DI R T L O R A AR E L ThD BET ik
(5 MIENTED WA AZER e MO TRIE L, HIESEELL TiE, BHRERT R
Micromeritics ASAP2010% H 7z, /-, o7 L ot &% X # = (X-ray
diffraction :XRD)Z LD /#T LT, ATEEELL TT NV —T A=y / 2% D2Phasef U,
Cu-Ko #RIZED, H)EE 30KV, EiffE 10mA O&METRIE L, SHITHI 1D REE
SEM(Scanning electron microscope){4 =7 A#i ERA8800FEYs TN TEM(Transmission
electron microscope)- EDXEnergy dispersive X-ray spectrometiyV @il 7=, ZZ T,
TEM-EDX Bl 44 L L Cid, B AE L JEM-2100R6 L ORI 84 EX-24063JG T4 M

Y/

23 EBRHERROEBLE

Fig. 2.312, BRI /IR S NI iR 7L 0 BET thR DA (LA~ T, Z
ZC, ALEERERE] Omin IC31T 2 B EIOIR G B O LR mE 1L, 2 F O W TR O E N2
MO ER LB G FLEVFHRL TRz, I R m SRR 10minE TR
L, 10min LR TIFRon 22l b 2R LT, FERESOHE Deid, PEIER] 10minET
BET bb2% A I UER ] & 0 (2N . 10min LB CIXIEIE —EEE2Y, E DRI
B MMM RO, LIido T, B FEE MR LT 22 Lo ko T ROk 7
TRLA R B OISR I RSN EN 3D > T, O i, ALEERF %
T AR ORE T, BSOS DDfERIVLIEE Th T,

WIZ, Fig. 2.4 [ZHZEFEIOIRAK . BLOEERA I VICKO RS NI RS 7 L d
RLPRIRE R A 0D XRD /32— % g, BUT R LTe KO ALERIREE] 2.5min CTBEIZ LaMnOs @
B —7(ERE—7:20 = 32.4FHT) RN BLHIL T D, ZORE S TIIHIEFEEID Lax0s D —
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Fig. 2.3 Specific surface area of the milled powsde
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Intensity [a.u.]

120min 1 ® LaMnO,
° JL o o . % | = LaOH)
- "t L M n
1 ° o La,0,
30min o ¢ Mn,0,

mixture © © o o4
L \ I?_kl .Aﬂu —— e aa
10 20 30 40 30 60 70 S0
260[° ]

Fig. 2.4 XRD patterns of the staring mixture amne powders.
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J(FpE—7:20 = 29.9FHT) B KEL, LaMNOs DY — 7 (X FETE/ NSNS, Z D% ALER IR
DEIMZfE, LaMnOsDE =7 A3 KL, HZEJFEFD LaOs 36 LT MNnsOa D& — 7 (38
L TCW%, ALERIERE Smin & 10min D] T LacOs DB — 27D R EEE LaMnOs DE—Z7 D KX
SIHHERL . 30min TiX Laz0z DY —Z 137D | 3B O R0 7373 LaMnOs (2785
T ZEDRIN TN,

Fig. 2.5/C, ZLFEHER 2.5, 5, 30K LY 120mindD kD> 7 v SEM BB %7~ AL
B 2.5min& 5min D57 LGk, 20 nm ORI O LR IS, 10nmEDE /)
ST R DFIEL CODER M ZE S LD, 30min LBRDH 7LV ClE, 0H nm Ofi
FHAXDDURELRY ZORAFRIFNIIEONI2> T, TR R AL oT, Z

DOEALIL, Fig. 2.3 CT/RUTZALERRER 10min (1T ETo BET Hu3% 8 O 207 s D i)
IZXHSL TS, 120min LB O 7 LTl BE nm ORI+ 2NEEL T2 E b ivhik
um ORI F AR L TNz, ZOEH1IZ 30min» s 120mind ] ClIki 1 DR b 25
ATTEY, ZIUTEHGEL T, BET R HRIFFEC)RBD 2 /R L T,

FERER T I DRI DG b A TEM-EDX Bl22L 7= 5% Figs. 2.6-8127~7, Fig.
2.6 1Z1%, IVRERIFH] 2.5min 2 DREZR 2 SOBlZ R LTz, BIDEMNTRLUTRL T
IZ. La & Mn MFAE T DRE B SR> TD, La Tld, BB IFEIO YA Tk L7z
KA DBEPENTND, Mn 1T La DRLAGD FHICTR>THMm L TEY, LaOs KL%
Mn3Os DRLF- N EIIRFE CTHHT-ZEERIBL TS, — F RICALEREER 2.5min %710
1, Fig. 2.60 AR TE91C, Lad Mn X EIE R CEEICAAAEL TOAEEF-DVBIER S
iz, ZOFHEIZT T, LaeOs& MnsOsa N EIZHE LS TVDEZ AL TORETHD
D3 KT REHDVNTER D HIIZ LaMnOs D& LN TETWD D0 RARD DT LT TERUY,
L22L, XRD TlE LaMnOs OB —23BEIZ O T DRBBFEL TWDIENS, 0B E
RPN TETOD AREMEN DD, Fig. 2708, JLERIERE] Bmin % 0ORL 10 TEM-EDX #5355
RaRmd, 22ThH, RER 2 fla R LT, MOEMNITRUTRI 1T, La DG EES LI
Mn DEDIREN TS, L, Mn OR1E La DG J0EH IRWEFIIZIFEL TRY, BIED
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Fig. 2.5 SEM images of the milled powders.
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300nm 300nm

Fig. 2.6 TEM - EDX mapping of the milled powdegsimin).
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500nm 500nm

Fig. 2.7 TEM - EDX mapping of the milled powde&sr(in).
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BERDD Mn & La L35 & IIFEL TWA RS D, ZOBIEE DI LaeOs i 1%
Mn3Oa DRI IONTHEB R OB SR DRI TNDEE 2 BID, — IO A
(RIHRLFIT, La DBE Mn OEBNZIERCARIZHEIZE DN TWD, B R T
WDEIDNTE, BEDOH TIEMIE TE/RDY, XRD O FCILABRREH] Smin BT
LaMnOs DY — 27 3l 2B TEY | ZORAF 2D DU E—H T LaMnOs 234 AL T
WHRIREMEIZ RV EE Z B ID,

Fig. 2.812, ZLFEHFRE] 30min 4 O+ D TEM-EDX B2 RAar+, 22Tl —flo &
AT, BIEESHIRL X T Rb R THY, La DBE Mn D& F CHEIRICH RS
BTz, XRD O#EFE Tl ALEERERE 30mind 5L Tl LaMnOsl3fifE 32 F ko1
725 THEY BESIRLF DR FL LaMnOs ThHESE 2 Hid,

RO FEBRBLOSHTRER LY RIEOBERAIIZESD LaMnOs DAL, #IHI D b
R INLEREE A L7, 2.56min THtAT 22N RSN, F7o, b+ & RciE
LaeOs %2 7 &L C, TDOEMEIZ Mn3Oa DT TR DEALLT-RREIC A5 L1
B DMK ThHZEDRIEII,

F72 RS O SURE FEBLT D729D121E, ST 1000°CA MR DRSS AL E LD,
PERA L TR AT A = 0L — 2 T S T BR O 73R TR A HE 8 L 7oA 8 T
V& B AR O R ORI RWHBEBIR R HDLZENRINTERY, 7ubi v
FBRTIIA RN 150°C REDLE T RO R E DO il i 134 72<&b 1000°C
PLEIZEEL TOBZENREN TS 10, LA, 7l = ¥ — 25 1 7=
K DOREETOIFHT, LaFs LU Mn DEFHLE, SHITITE I 372 m iR 12720,
BRSOGHEITTHEB 2 BND, Lh bR A D R - S i Ol B D 1
Ke, R CORE EFRICED, SMNBMEZRLTH, LaMnOs KL -3 G CEI-b D LHEES
o,

AREBR T, HRIFEE A2/ N SKUTRE R BT LaMnOs BL -3 R TEZh D
D SRR NS FEDRL T BET FERER O BRI | ALPERFH 10min LARE,
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500nm

Fig. 2.8 TEM - EDX mapping of the milled powdeBO(nin).
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LaoOs 23 7R LEUS OEIT A IHI S 7z, A&, KA OREERZINHI L 72 SOG 7 m RIS
DNTH, SHITHRTOLEDRHD,

24 % B

(1) ki ¥£& 300nma Lax0s & 35nm &> MnzOa % 5 JFEH AR L L C, BEREAR /L CRLER S
HZLIZIY | R EFEOEINEFRZ D L7 FIRFH T LaMnOs iR D& Rl 23 B 4
SNAHZEZIRLUIL,

(2) PEREXIVALEE Tl LaeOs a7 hi £ LT MnsOs DF JRi+ 03 Z DR EIZEALL,
Z O FENZIR D 72 ER A -2 5D 820 Sl RETIC mRg 2358 4
L. LaMnOs DE AU T G- LTIeb D EB LI,
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5 3E KRB FIEICED LaMnOs iR & I BT IR R DR 2
31 %S

BEMERT B, BB A B S L OB B2 & OMSRENE £ T3y 7 2RI L TRV DD 4
ROBEAMEEB T, B SONEICE DA RS THEMEELL T, —RICAVSR T
WD, I, B FEOMEBEMEM B OMEED 7] L D712, ERLSIVARL ORI L2 R D6
ALTWDDN, [EAEBOSTETIE, JREHE A K2 @R CTRERL T 5728 & R+ DR TR AVRL
RN RV R T 22N EIND, Fio, BET e ADENHATh | AERO B KGR
ETIEL Bt O IR G BERL, £ U CTRERM DRI E DL BT v 2L BLL/2 D,
ZOIOY FEDD A BT FEIC LY BER LR LIS, AR bk
FERAKRT DN, ERR—AILEANTITOR TS Y, Fiz, R —1 %2 f iz
LRSS | E DR RFRILBRZ > T, AN 2 IV FEIZ L DB TR D& B R A LI
Tn5 10,

—Ji TV AL B A B AR LT RN UL TR — LA IO BN
RICEBEERTER A 59 2281280 AL K2 G T 2 FIEDOB P BESh
T 7O, PBRZBEOH LTI 7, LaMnOs 24 KR ELIZAFSEIC BT, LaeOs ¥
R(BET R MR, Deer:500nm): MnsOa #3{AR([F 70nmy»i, LaMnOs ¥ AR 434156
INEE T S TR AV LB D S TH L TEAZEDRHALINCENTZ, SHIZ, ZD G =
TR, RO LR ARSI T i S LaMnOs D& S EIT T 2R D — D05k
HZENEBRTH G IZEI TN,

INLOREEREZ ., H 2 BICBW UL, HEFEEH RO R 1% LaxOs(Deer:
300nm)= MnzO4([A] 35nMYZ H DI EHIT/NSK T HZEITED | th R ERE O H @ 2 1%
HZ L7 BRI T LaMnOs D& A BREAS DT LA BN LT, B 2 BT DGR
PEEEZ At RIEICBITAR A BT 0 A2 LT 572D, B ALEIZ BT 5
e VS LA FINS b =N AON NS A=y dWiek VAR SIOL S ANy VA B I i s RO N/ A N B/
Tdhd, T TR TIE, ETEBOAMBIRMITE B L, EEREHE T2
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I2ED, ZOREE RBRIITRTILIZ,
32 EBRFIE
321 M A R QBRI AZ I D AL EE

HFEJEURE U RO ARRRRE, 3 ONC BRI W2 BB LT 3 ORI 0%
V=, LaeOs 1RO RakEH(De £ 7: 500nmE AT E ORI, HH Ui L
BULBRL72b D2 Vi, BTREEFRRIZ, VB LaOs & MnsOs K14 -t C[La] :
[MNn]=1:1 725392 AFHT 70gFF &L EEUUITA LT, BRIV IC I DR R AL R
RGP TV, FIEDARE) S &7 b5t Z R EIL CTiTo7-, AffEh)IdaiE
TIE 2KW IZFHEE L7223, 51T 1KW BET KW D 2 D FEEREIT 572, BIFED 2KW D
Gt LIRIRRIC, AUBRIRF R 23 EE T 0l D TEY DM R L7272 | Bl Z IR IS ¥ 5
ZEIZEY . PrEDEY NIZIRE LT, EEEOREIERENL, 1kW O54 . £ 1200~1700rpm
kW DA 1%, £ 2000rpm~4000rpmD i CHRETL 7200 T, 248 8l /) L2 E [FHREUI T B
WIS BIRRIC S 7, RTEEERIRRIC, BRI IROKE DX 7y M HKE L TR A
L7z, RanDINE I O @ BIEER LI X8 /) 3kW, ALFRIFRE 30min D FEER IZ5\ T 150°C

Th-oi=,

3.2.2 ALEHADKEEFEAR

FERAI A L DB AL BRI Z Lo TRO NI IR 7 DN T, S FE DO REPEREAM
AT ol FTRFBEAMIZONT, L— P — B BENEICIOIIE LT, HIEEREIIX
ARt~ (70T v MT3300EX-IT & FAV /e, /0 BAEiCid 0.05%~F A% fiEF R
U LKV Z I, EREE ) 150W OB EIEAEY T AV —T 2min 3 HUILERA L7121
WEZAT T2, Fo, ATELFRRO LI LB A BET &R mEAERIES X #REHT
(X-ray diffraction:XRD)Z L A5 it &R El A1 T o7, BT, KiFDIEREL SEM(Scanning

electron microscopef{ A% ¥ Hl JSM-6010LAYC L0EIZRLT=, 72k, AffEh /) 2kW D4
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HCRER U= RO REENL, AiFEORERZSIH LN, b— — [P ELE I LR 122
SIAE N SEM IZE DB IS\ T, BIEOFEER CERLL 7= 302 W CHr=I
TR LT,

33 ERFERRVERE
331 AAIEBMEDRL FRRHAIE I L UL F T BB RS

Figs. 3.1-32, IVALBRE NI IREEL DR B0 AR DALBERER I LA E b AR 3, 22
T, ALPRIREFE] Omin i3 B B DIRA By OHIERE R THY | 50%6%(Dso)id: 1.0um Th o7z,
F7-. Fig. 3.41Z, Figs. 3.1-3> L5017 45 LB AR D Dso DALELRFFIZ KD 2 b A R LT=,
Figs. 3.1, 4kVE)J) 1kW Tid, W% ORL 20T, I REIEOS D LA MANZZE
fEL TV 5, 10min LAREIZIN AL . Dso 1% 0.4um A3 TIEIE —EE72>T5, HHFEFEND
REBHD LaeOs 13, IREESITNDTZDIT, BEEIRATERL T D, MR ALER T LD
T DUEERDRWES DT LD R PR AR DD MANZ AL D E7R ER EF 2 Hild,
Figs. 3.2, 4LV&E) /) 2kW TliX, 10min £ TITRL AT TNIT/NSLTe>TWDD, D%
VAR IRF ] & & I RN R D AN ZHR D | RO RAE DA TWDTED RS
TW%, 120minTiX Dsold 17um £ T, £ A% 100um LA RIZiZEL Thd, — 75 Figs.
3.3, 4JVEYT) KW TIL, B 5040 1E 5min (2N TRl Ml T2EL . b
10min FTETHMANZZ(LL TD, Ll b ixEn bl B E3, 10min LI
T OS2 D MANSRL B AR 13 B LT,

YKIT Fig. 3.517, VBRI - I D BET M2 MR (Sw) D ALBR R IC K528 b %
RY, 22T, 2kW OF — X THiIEA 5 AL, £7-, ALFREER] Omin (238172 H3EFEEID
RE ORI, 2 FEOHRIFEEIOZNENO EmFEEALE LG R UI-#E 5.
14nflg Th-7-, MEYE DE /1 5AETH BRI O R & LB 1T, R H K FfE LD
FTAHMHEAAREN TS, ALHLIE 30min o EL R EFE T, 3kW DK 4.4nflg 23 ch /NS
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Fig. 3.1 Particle size distributions of the stagtmixture and the mechanically processed

powders (Electric load 1kW).
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Fig. 3.6 SEM images of the mechanically procegsaaders;

(a) Electric load 1kW, 120min. (b) Electric loadvZk120min.
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Fig. 3.7 XRD patterns of the starting mixture &mel mechanically processed powders

(Electric load 1kW).
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Fig. 3.8 XRD patterns of the starting mixture &mel mechanically processed powders

(Electric load 3kW).
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i FAETHY, 2kW DIFEIZIE, BIFED XRD #HRDEIHRL TROTZ,
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D, = KA
[ cosf

(3.1)

KEBDFT AT X BROWPE(0.15418nm) 0 1T —7 o ElirfA ., K 13 IREEE (K
=0.9), B IZEIHTRRIE D L2130 CIENE) A2 97, Table 3.11Y., Dger Tl 2kW @ 170nmiZ %}
L. 3kW Ti& 210nm& 2 FIFLEE R ELAR0 i TR OB I R R A3 FET L
ZEDIREREND, WH ORI R DOE NI, i f FREO AR &b 6 IS L TWD, LIed
ST, BIAMMPERTHE, BHTORRED LONDE DD K5 AUT R F TR T
FTHIENYMD, — 7, Dso THDHE, 2kW T 3.8um &, Deer @ 20 {51 EE72BDIZRIL
3kW Tl 0.20um & Deer (2T YA XE7R D, ZDOZEMND Bk DR+ DEHE R YA KT
3kW DAL DG G D T7 BN/ NSNZED G303 D,

34 fEE
FEWE V% IO TSR T2 XD LaMnOs i R D G ik iz ) CL B 43 G ki

FAEF 5 BRI/ LT O AT,

(1) B 2kW FB&TF 3kW T LaMnOs D& FRANFTEE TdDH 78, 3KW Tl 2kW D55 &0
HRIGIZE R MEES I, R TE R EF LN T, — 77, 817 1kw
Tk, RRRLEL CTh, G AR L2572,

(2) @/ kW TiE, FE TR EITETL DO | BEERY A ZD/NSWE B EE1S5 28
DNTETZ,

(3) &M LRI LRI SUSE B AT D72 DI2iX, MR ~O T ) 7217 Tl H 4
DORLAAE T DA IE ) S 2B T DB DHLH I & R LTz,
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Table 3.1 Comparison of the powers processed\&t&kd 3kW.

Electric  Processing

load time Dso Sw Deer  Dsd/Deer Dc

[kW] [min] [um]  [m?/g]  [pm] [-] [um]
2 30 3.8 5.3 0.17 22 0.019
3 30 0.28 4.4 0.21 1.3 0.026

Dso : mean diameter measured by laser diffraction aattering method,
DseT : BET equivalent diameter, Sw: BET specific surface area,
D¢ : crystallite size calculating using Scherer eaqumati
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(Sr(OHR) bE LT,

42 FEBRIFIE
4.2.1 JFEM R R QBRI I D AL EE
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Et (Deer:500nm ZHi# £ TEREEIC, HOPUD MRS L OB ZL 0% AV iz,
MnsO4 K7 F-(Zi, K 7£825 Deer = 70nmDObH D% U7, SICQ 1T LaeOs E[RIFRE OFr 1
BRZT D728, LaeOs OfifLlAERIC, =& ) — /L HI TR — )LUVALBE AT 2D %% 60°C
T 2h, 120°C T 10h §2&87=, —J7 Sr(OHYIZ. Deer Tl 750nm & kLD E 00
RIABEDRREVD, Fig. 4.100 SEMB Y | FHIZ2 KL DI DR KL T D Z LN B E%
T2 | FRPELER AT O3 AE LTz, IO LaeOs & MnsOs B8 KT SICOy (E721%
Sr(OHY) i+ % 5+ C[La] :[Sr]: [Mn] = 0.8:0.2:1 &7 5 L9 A 7T 68g FEEL | FEAT:
KU LT, BRI E D BRI X R & P TIT0, FTE DA TSN 1 &725 89
(e SR LT, BB /11 SICQ & VWD 328 Tl 2kW, F5L TN 3kW D 2 521
72, I ETOHA LRI, WHEFFH S ETICON TE MR FLz728, Blisiks
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F1D La0s DB — 7 NEXVHRTHREM ET, M HLER Lz, fiEETERERIC, FEBRHIX
Ranz /KTy M HKZRL TR AL,

\
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Table 4.1 Starting powder materials for mecharsgathesis.

Supplier Preparation Deet*
Kishida ground with ball mill in -

Laz0s Kagaku ethanol for 18h and heated 300nm
ABCR GmbH :

Mn3Oa & Co. KG as received 70nm
Kishida ground with ball mill in

SrCG Kaaaku ethanol for 18h and dried  240nm***

g at 120C for 10h in air

Siguma- :

Sr(OH} Aldrich as received 750nm

* Deet : BET equivalent diameter.
** before grinding (as received) :#r = 500nm.

*** before grinding (as received) :det = 430nm.
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Fig. 4.1 SEM images of the starting powders for ma@ical synthesis;

(a)L&Os, (b)MreOs, (C)SICQ, (d)Sr(OH).
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Fig. 4.3\, B3 AR50EID BET LR EAE OB L D2 b2~ T, SICQ & JFEHI W

52



100

3\?

= 90

S 80 7

3 70 - _,}ir" Processing

é /i time [min]

o 60 r ' .

& | di g L s mixture

‘o 50 g

'E ————— 25

2 40 ey 3

—

g 20 G —_— 30

- —-= 60

g 7 . === 120

\J 0 L /f J_-ll'ﬂ'r |’|||||||I [ B N A A [ NN
0.01 0.1 1 10 100 1000

Particle size [um]

Fig. 4.2 (a) Particle size distributions of thershg mixture and mechanically processed

powders (Load 2kW, Sr-source : Srg}O

53



100

g -
W
2 80 |
..E /
E 70 L , //
o ’ i _
"g 60 r / Processing
N - time [min
S o5l [min]
) / :
E 40 - S i) e mixture
oS P s ey 5
o3 - T2 :
% 20 |- — 10
E 10| —= 2
O A _— 30

0 R O T B N M B S s’ Ll I T O I I I I W | I I A

0.01 0.1 1 10 100 1000

Particle size [um]
Fig. 4.2 (b) Particle size distributions of tharéhg mixture and mechanically processed

powders (Load 3kW, Sr - source : Sr§§O

54



100

3
— 90 |
o
S 80 ¢
:,; #
i
g = 70 B J /
— ; !
Kt ‘ /
< 60 r z /
w90 i % Processing
L ! - -
= 40 L ; J/ time [min]
= P /
7 %
o 30 p A mixture
= ;Y y
= 20 f i mrmemens 25
o 1 J
= 10 4 S
- i S 10
o K //
0 1 Ll Bl W 1 Lol I I | I S B W W
0.01 0.1 1 10 100 1000

Particle size [um]

Fig. 4.2 (c) Particle size distributions of therstey mixture and mechanically processed

powders (Load 3kW, Sr - source : Sr(QH)

55



16

= 14
B

— 12

< 10
L
9

£ 08

S 6
'S

2 4
98]

2

0

Fig. 4.3

Processing time [min]

Relationship between processing timespatific surface area of

mechanically processed powders.

56

Load | Sr
L [kW] | source
® 2 ~
- . ; SrCO;
| & 3 Sr(OH),
A T
L 'S [ ]
L <& . Py
10 100

1000



G OREHE A RO R ERIL, B O LR EE LR A FEOEHE 5L 8.3nf/lg T
ot Fig. 4350, B 7] 2kW Tl LB 20minE Tl bR mfl Lo 0 ZE L L 720>
775, 30min LAREIXBEZE (I L, 120min Gl 3.8nt/g T TR F L=,

FI-E ) 3kW T, 5min LR, B IC R EAEAME N L, 30min T 3.5n7/g 727,
—J5 Sr(OHY % IV = EBR (E) 71 KWW T, FUEHE A A D L R 1% 7.7nflg T
HDHOITHKIL, ALBLEER] 10minC 9.2nf/g L720 | FLFR AR IXAEEFTIZ EE T3
L72, Fig. 4.41Z, SICQ & J5EHT FHV = 2kW., 120minfLE fh(a), 38T 3kW, 30min L
f(0)&. Sr(OHR Z FUEHZ V2 3kW, 10minflLER i (C)DZE D SEMEEZ7RT, U
TIHE um ORHERL L7225 TODAY, (Q)F L UM 0) TR R - 1 Ok 1 [ 23 %%
L. HEHR IR 2725 TODDITKRL T, (C) TIXBRERRL 2R 1 LT 25 LTV Wk -3
ZBEES I, METREEER CIIA W2 RIS D,

432 WEMEOKESEHDOELL

Figs. 4.5(a)-(dC. & EBRICTHITHHBIFEIORA . BLOERXIVIZIVLEI
TR 7 )V DRV 45D XRD /32— %79, SICQ & JFUEHZ W= FBR IC B
T, B /1 2kW TlZ, Fig. 4.5(@)2R 73 8512, ALPREF[H 2.5min7»5 LSM OB — 27 (FE—7:
20 = 32.6%HI) B, £ D% BRI OV LSM OB — 7@ S KL,
HHFE D LaeOs 35 L U Mn3sOs DB — 713U NI /2572, 10min T LSM D EE—27DE S
2% LacOs D EE—7(20 = 29.9FHE)Z LN TEL 2D | IR 2 [ZHAHD LSM [ZIE- SV TS
23, 30minTH LaeOs D EL— 7 DI INFL (T ZV LR BT, £D1%, LaeOsDE—Z 73
IFEAE RGN /e D ETITAEERER] 120min ZE L7z, ZO/EMIE, 5 2 TIRLE

~
Y/

LaMnOs D& REDOBE LIEIEREE TH -7, ZOR], LSM O —271% 30minD Lk, /D
LT /&L p o7z, —F 87 3KW T, Fig. 4.5~ 3 E912, 1771 2kW 2B T, &
A RS E A 30min TIXIZEAHD LSM BEHT-, £i2. Sr(OHY % v 7= 525k () /)

SKW)IZEBW T, SHIZKIEZ2 A R O FHE DT OB AL, Fig. 4.5(c)2Rr3 8912, ALEt

57



Fig. 4.4 SEM images of mechanically processed gosyd
(a) Electric load 2kW, 120min, Sr - source : SeCO
(b) Electric load 3kW, 30min, Sr - source : SHKCO

(c) Electric load 3kW, 10min, Sr - source : Sr(@H)
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Table 4.2 Comparison of the synthesized LSM posider

Electric Processing

load Sr - source time Dso Sw Deer  Dso/Deet
[kw] [min] [um]  [m?/g]  [um] [-]

2 SrCG 120 12 3.8 0.24 50

3 SrCG 30 14 3.5 0.26 54

3 Sr(OH} 10 23 9.2 0.10 230

Dso : mean diameter measured by laser diffraction aatteying method,
Dset : BET equivalent diameter, Sw: BET specific surface area.
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TE, BKW Tl 2kW D55 L0H RIEIZ LSM D& RRRFEI N S U7z,

(2) AT U AFELT SI(OHR & V2454, 8177 3kw, ALERRFRT 10min THAHD
LSM f8RL 12 A Bk C& 7o, SI(OHY D fRIREED SICQITx L TIRWZ &3, FERFfHC
D LSM OB FRIC A B LIcb D EELEINT,
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EOE BRI FIEICI DR A R EBEEbE V2 SOFC Z2RMRDVERLLZ DR FFA
51 ¥#5

SOFC I, —fRICEMBELL T ARG RO L a=T 2V TEY, okl BT
LERT, BWRBRIRE R T ZENMLI TS, SOFC DZE5 itz ESw572012,
FIETEE A RO DT ENBHETH D, L LG, EEEOZE KRR, MEHER T iEL

AR IS L > TRESEEE 2T 5, Tz, —FB5 i (Triple phase boundary :TPB)
DA TELNE VIS | —J7 T, AR 3 70 25 B AffE R 2 LId, 22O
HEEDOHIEIZ BT, SLBOEL 2> TS Y, 20 BIDT-0I2, ERAE L E AR R
IO A 22 KMBAVEE ARSI TG 29,

PRIF ST, LART, ScSZ & BT EHT, LSM Z B iAEHC i L 7=, £ LT,
LSM/ScSZ#E A i 2k A IERIL | BER VI | LSM KL -2 ki b S 4L
7c SCSZKLF TN B ER F R TE-, EBIT, TOEER 2 W T2EKmA
LI RE R, BIRNEDICA AL BLOVE 1O BAFAEE SABE RS M), Ll
5. LSM/ScSZE Ak +DIERLZIE, £9° LSM O JFEMR AL T, BERICEY LSM 24
L. SHIT ScSZEE AT DI EATH LD L DEUE TN LEEL/2>TUND,

— 07, 8 4 ECHAE L7 IO, B FIEIC I IS RUED Lae0s, Sr(OHR & MnsO4
M5, LSM BHA 237 10min DAL T K CELZEBHOM SN P 1), 2
THEELE, PRIEB DR EL 72 LSM & ScSZOEEAIZHW b D LRI D ER L THD
W ZoZlF, BRI CE ST, LSM BT O AR E ScSZIki - DE A (L7 rt 2%
[FIRFTOZENTE, ZORER, H—DEERAWERIZ LSM & ScSZ DRI AMARIZ 57
BTz LSM/ScSZAE AR 2 FLCELATREME DS D D 2 &2 7REL TN, FEERIC, &8 M
FRti 2 AR SCSZIIRITIN A T2 itz AT E LT BV BRI D . ZoM D
ERLTAEREN IS HD 1 1) ZOHFI T, BRI TIEICEY LSM KL T-R i
ScSZ Rl F a2 AL LT F 2 W TERIL 72 25 M0 G | s W EBFRE S RSN

15)

o
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ZZTAREIZRWTL, LSM O HFEFERLF-& ScSZ T kL FmnbY AT v 7T,
LSM/ScSZ DE AR 1- 2 ERL T 2E =X —ROF LT B AR R LT, SHIZ, AR
EBIZTVEGR P2 FR oL b0, FERESNT A SR ORI, 36 L ORI
Y AR LS L U g oY

5.2 EBRI5iE
5.2.1 BRIV B LU EEE

FEBRITIL, B 2 B Fig. 2.2l R LIz BBV A VW e, $7- Tables. L, AL CTHW
T RFB O Rt A2 7R 97, LaoOs BRI T i alibh 2 A8 — L L T L7212 12, 225
700°CC 2hBERRLT=, 7235, AIECTYERIL 7= LSM/ScSZZE & Mibt B DR 4 Ll 95725
D LSM #AEFEL T, D LSM & Bk (K% iz, Fz, AR SR 2L ki z-
TR 272012, Wil NiO ¥z FiV 7z, Bk BET e mfiA, 580 AWAETEIZ L

%I 7E %4 & (micromeritics ASAP2010, Shimadzu, Jagag) Vil &L 7=,

5.2.2 AR FIERFIE

R OIRAF R Z A L T LSM:ScSZ=78:22 50:501Z % E LT-, F AT, LSM O Hi %
JFEHD LaeOs, Sr(OHp & MnsOs Z & & IR A LT, 22 TOHR AR, ScSZ=22vol%:
50volYDENZE DA T 60g & 53g Tho7o, LT, &7 SCSZIR A R 72D K
T ScSZ% 5 [FNZ431F T 2min Z EIZIRIIL T, M—2 VO ALEERE[E]IE 10min Th -7,

LR, BE— 2 OAMEN /)Y KW 1272589 I2n—F D[alisa iHE LT, BEERIZ LD
FENT, AKEIZED, BEROAEKmIEE T 180°C UL NIz b, MBS =B RICD
WC, £9BET kR ERENEETTo72, £z, X #RIEIHT(X-ray diffraction: XRD) (D2 Phaser,
Bruker, GermanyL 1V, JLERF OFEEAH D ZALZ T ~To, EDI1E)>, ABERFH 10minfk D

B IR ORI B oA % L — Y — [l BeEL=CI & 24 & (Microtrac 3300EX-11, Nikkiso, Japan)
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Table 5.1 Starting powder materials used for ghisly.

Supplier Preparation oV Sw? Deet3)
ground with ball
Kishida mill in ethanol for 2)
L8203 Kagaku 18h and heated at 6.5 3.0 300nm
700°C for 2hin air
ABCR GmbH ,
Mn30a & Co. KG as received 4.8 18.2 70nm
Siguma- ,
Sr(OHY Aldrich as received 3.4 2.3 750nm
ScSzd Daiichi Kigenso ¢ 1o ceived 5.7 11.4 90nm
Kagaku
LSM 6) Seimi .
(Seimi) Chemical as received 6.5 11.3 80nm
NiO Nikko Rika as received 6.7 8.9 100nm

1) p :true density.

2) Sw: BET specific surface area.

3) Deet: BET equivalent diameter.

4) before grinding (as received) s& = 500nm.

5) ScSZ: (S#0s)0.u(Ce)o.0i(ZrO2)o.8e commercially produced by Daiichi Kigenso Kagaku Co.
6) LSM(Seimi) : LasSn2MnOs commercially produced by Seimi Chemical Co.
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WZEVHIEL , ki - EBEA SEM(Scanning electron microscop§ERA8800FE, Elionix,

Japan)c k0 #EIERL7=,

5.2.3 FHli AV OERIEERILZE R EDORIE

B FR ERTAN T OB AR R EL L OFERIAE RO XS FINETIT o 72, ST,
AR D ScSZEME HM A —ili 7 L AR (MO £ 100MPay 1400°C, 3h DHERGIZLD
VESIL 7=, VESLESU- AU E AR L EAS 15mm, JEE 60um Th-7-, RIZ. NiO Bk
29, ScSZ A 1g & PEG(Poly-ethylene glycol) 1% =% /—/1(46.8g)1 C 24h" R — /L LR
AU IRALIZATY—% 80°C T 12hFLIEL 7= 1% . SCSZAEEME FEMN EIZAZY—FIRIL
1300°CC 2h BERR LT, ZAUZED, BXE 10um DIESOBREHRE D3 ST,

fil g | 22 M TR R & BOH NI R S e, D56 1X LSM/IScSZ Akl + 3g &
PEG1g 3L ™% /—46.8g% 24hR— /L IVILERLT-, 557- A5 —% 80°C T 12h#%
BEL | B SR EIZAZ ) —HIRIL T, 1200°CT 3hBERR L7z, TR ST 28 KM 1%
AR E MRS 0.28cn TESILZ 10um Th-o7-, B —R Ol B LT, Table5. 4
ARUTZ RO LSM #314(Seimi)- ScSZ# A% VN TIRIER D 5 15 TR VB 2 ERIL 72,

BONTHY —ROMEEIL, £ OWm% SEMICTEIEZ LT, BRI FREFE D729

(2, BB E (B E LR A e — & AR EZAT > T, alEHe LR &I, 3
i 4 BRORBRERZ Wz, BB VI AT ICE RN, T A — AT BT,
PR & 22 AN 21T, ZNENEBIREL T PtOU— BB SN PtAY Y 221
DT 72, ZREMEL T, Pt #RA B E AR O JE IR ST, BRpeEakEL B
HZT B2 Pt_—ARBAR LT,

B VIZET 900°CITIES LT, ZOWE, W TR — VISR L 35281280 TAD
Wi kS, 2O TIL, 7/ —NMINTITER T A Y —FMINZIT R 22 K0
0.05 I/min O & TGS, RIZ, IREE 800°CIZ T 74, 7/ — RO H A% 25

MEEIVHEZ | 3vol%HO DINE/KFEH A% 0.05 I/min THtL7z, ZOEMET, 7 /—KFD
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NiO 7% Ni (SiEsi, Hi/L LU TOBEXULEREDORHEA FTREL 72D, AN, v
DE - RO W) E (800°CYe, & i FE A2 (HC-111, Hokuto Denko, Japaaji»
TT o7z, ZD%, A e —4 2 AR E (electrochemical impedance spectroscopy : EIS)
(800°CYe, 7/ —FK —SMREMM TITo70, A E—H L ADART UL, RT U varHy
MM oD JE e B0 B AT S 1 (Parstat 2263, Princeton Applied Research, ZFR) N C., RIS

50mV o B /45 % I (open circuit voltage :OCVA, &%k 0.1-10H, D& A4 E L=,

5.3 ERBEREVOEE

Fig. 5.1F, BRI K DAL BERF D LBy (A D BET th R mfi D2 b &~ §, £
72X R OFHREAEI, Table5.LITRLIEZ N ENLDIREIOIR G LR L LR EFEN D RAELD
Ni=bOTHD, sHEAEIL. LERRFRIZ &2 ScSZ DIRA RN ENAT-DIEN+5, %
UL T, ERMFIEF RSN O LI R 205 B A R Uiz, (086 AAERRE OB
[ZONT, EmAEIZEAD LTS, —J5(byTik, AR 6min £ TIXHR AL
T3, EALUEIL AR U2, 2028, SeSZ DIRA RN B EE 30voll Tk
T ERAEBEDOAD P Z > THDHIEZF R L TWD, ZOHEEMOIA 1, ScSZ %
B A DMOFRD RN [E E ST E2RmEL TV D,

Fig. 5.213, IR LD RARD 2 FIHDO WAL | TN ENIVIBEL T2 DR F 55 % 7R
T, WA OBIREL | ZOR AT 1755 10um OFPH Th-7=, —J7. Fig. 5.3(21%, AL
WA D SEMEBERT, ZRHDOXEY, EHLEOMEMKRIZ I T, 7 TR ok 8 A il
TETZT TRV W EE DR A FF O IERI R Z TR L CWVD LN 05, ET. (b)DI&EHL
ROPAZXTE, (QEDVHKENST,

Fig. 5.41%, SCcSZ=22vol%D Bk 2531 DALERIE ] = E D AMUERRY AR D XRD /34— %R
T LD WUEREERH] 2min2>5 LSM 1A AL LEAS | 6min TIEIZERLE T LTS, ALE
EE 10min LU Tl LSM & ScSZov —7 D AN EIEiSiLD, — 5 Fig. 5.51%, ScSZ =
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Fig. 5.1 BET specific surface area of the mechalyiprocessed powders;
(a) Final volume percentage of ScSZ (after 10matessing) : 22vol%.

(b) Final volume percentage of ScSZ (after 10motpssing) : 50vol%.
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Fig. 5.2 Particle size distributions of the povederechanically processed for 10min;
(a) Final volume percentage of ScSZ (after 10matessing) : 22vol%.

(b) Final volume percentage of ScSZ (after 10motpssing) : 50vol%.

Fig. 5.3 SEM images of the powders mechanicalbzgssed for 10min;

(a) Final volume percentage of ScSZ (after 10matessing) : 22vol%.

(b) Final volume percentage of ScSZ (after 10motpssing) : 50vol%.
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10min Dp, ® ® 0 eg| o Lao;
. s ¢ Mn;O, H
] . v Sr(OH),
1 8min . m] * e . e O| O BScSZ
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Fig. 5.4 XRD patterns of the starting powders and
mechanically processed powders.

Final volume percentage of ScSZ (after 10min prsiogs : 22vol%.
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Fig. 5.5 XRD patterns of the starting powders and

mechanically processed powders.

Final volume percentage of ScSZ (after 10min prsiogs : 50vol%.
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50vol%D FEERIZI1F HALFRREH Z L D WFR R D XRD & —r D2 AR T, KD,
Fig. 5.4 [FIEROZAL RS2 28, AUERKE# 10min 235174 ScSZd XRD B —7(, Fig.
5.5 D F M FEXTENZ R <72 o T D,

Fig. 5.61%, 1200°CCHERK L7z LSM/SCSZZEXARD SEM 847~ 7, EDZEXMmaAEHT
BWTH, ZAUEMEITRS TOWDIENBIEEIND, fid RO A X3 lum THE ot
ZFID | 3 DORBL O TEE RO R TBILEI 720 o7z, Fig. 5.6(b)(c)0> 2% M| T 42
75 TIERIS =Y, IO ZREWIERD BALRD 2T,

RIZ Fig. 5.71%, 1ER S - /L OB — BHEFAEZ T~ T, ScSZ=50vol%D {1 THEE
WAV U 72 iR 2 22 S8 T3 OBE D HE 85 EE 1 SeSZ=22vol%D &6 K0 K
TR <7eD, SHICHIRO LSM By k% AW CIERLL 72l FH O 22 GB35 A L T
ol — 4, Fig. 5.81%., 22K — S MEMMH] CRFEA L —& U AR EEAT TR
9, Fig. 5.8128-> T, ZEXMBDE AL FRHED TN TE D, SOMERHU(RY) I, A2 —
B ADEEEE REGEBO T AF AT oy Mpb, DBV, Fig. 5.8 D45 Eoff AKX,
A2 T AR AT By hOET N E R T, Ryld, 7 VL7 IR (Roun) & b — 2 MAKHT (Riota) D
FEIVROHND 1), ScSZ=50v0lUD 5 TEEM S VAL ST iy 2 22 B 2 IV V-
B SUSHHTUL, BIBDNT ScSZ=22vol% & L0 H /NS oT-, 22T LSM & ScSZD
BAFIR Ry N — MG S 2720 D72 SCSZD LRI, 22T BT HIHE Dl
AR A RS ID M 1) R KRR CIERLIL 7= 28 KO A i, 7 DR R ORE Skt
ARXNEZEFZETHLEHER SIS, Z DT80 SCSZORFEZR )Y 50vol%D EXIT, /NS K
JSHFIDIRESNT D TIHRONEZZOND, LLRRE, 2O KA BT 57212,
SOOI E DIRIT AT LB B D,

fih )5, HiRD LSM k% H - i H OUEHZ JOERLL 7= B2 L oo (SOSHRET X, BE
UV ALBE (ScSZ=50v0l%) 7= AR I LOERIL 7= BB L OfE LD K& o7z, T
IF, RETIRELHH 7 B2 RICL ST, LSM & ScCSZORGM R FEE SN2 T
HHEEZ LD, Gtk SOFCOMEREZ SLIZIH EXEA7-DI21E, AR T HEDOSH7e
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Fig. 5.6 SEM images of cross sections of LSM/Sc&Hode layer sintered at 1200°C;
(a) Using the mechanically processed powder (ScSZ ol22v
(b) Using the mechanically processed powder (ScSZ ol$0yv

(c) Using the mixture of the commercial powders of LS€ifni) and ScSZ(ScSZ : 50vol%).
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Fig. 5.7 Current-voltage curves and powder ganasbf the electrolytes supported cells at 800°C;
(a) Using the mechanically processed powder (S&X01%).
(b) Using the mechanically processed powder (SEEX/01%).

(c) Using the mixture of the commercial powder& 8M(Seimi) and ScSZ(ScSZ : 50vol%).
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Fig. 5.8 Comparison of the polarization resistan€&®) of LSC/ScSZ cathode;
(a) Using the mechanically processed powder (S&Zi0l%).
(b) Using the mechanically processed powder (SCEBX01%).

(c) Using the mixture of the commercial powders$ 8M(Seimi) and ScSZ (ScSZ : 50vol%).
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DI IS EE T HEE 2 BIND,

54 #E

1)

(2)

VAT T ORERAIEE T SNEINEA fiii 3 2L 7e< LSM KL D& ke ScSZ &
DEEALEATIRH T B AZAR LR LT, ZOREF, 10min OFEMAYLEZED | LSM
DJFEN R E ScSZMki 120, BIET A AR T2 AER- T 52 LN TET,

BARLAZ W TERIL - B/r 00 800°C 2RI Dl K /1% 1, 320mW/ent ¢
otz 2L, HIRD LSM F ki & A WTZA Zob @ ME Th- 72, £2, HA
B2 W24 O 800°CITR T 228 KM S HE LI 0.5Qcm® THY, MR D
LSM F R F 2 W6 L0/ hSWEEA R Lo, RBFFE TIREBLIZTIEIL, &
VT ININOE TR FX —DRET T A THDHTD . SOFC DZEXMIZ WD E i E

BB AR 2 BOE T HHMEAT L T b THE THHZLERLT,
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HOE WRIE

AT CIE, B FIEIC L DR Bk 7 e e AN % B F5 L CE G (LRI %€
FNARFELTERY BT ZOE I KT TR 1 OB DWW TR E T o7z, £,
R BRAZ R R FRHR AR ORI BB D 528 | I JOVE L% DAL+ 0D
B AR MAE TR AL BR Gt DS B DUV CRERICAR AL . B & T 2 Bk 745
PEAHIE 2 5 EZ DT U, EBITIE, RIEICE DR B 7 2O BHG H~0

REMEZ A2 B AU T, BRI LT REN R I (SOFO D MERE ) I KT R8O
WTHRZAT 7, TL T R AR BEIR G S bicVEmMES 2 FRL

BONTEE RO ZFHI L7z, 61T, FERL-E S ERZ VT, 2ha 225
(AR L 7R SRR DO L LV 2R REL | 2 OSSR R P E DR A1 To £ LI, D7

(ZEDVERL 7 B L D Y )36 BE & D LR 5 2 AT o 7o AWFFEIC IS DAL= L%
TREDOIOITHRFESD,

Bl

PP FHEIC L DR AL B OMFFEBE ], 3 QNG ], SHITITERAILIC
R T DNDKL B RIT A B D0 SR B M AR B L 7o, 7o R F-s AT S L 258
FEEFBIHZ AT 72k -G 7 BB AR FE D ML BEVEIZ DWW T, 5% OISO FIREEE &
D TIALTZ, UL EZRBEEZ | AIFZED B B &G SLORERIZ DWW TR~ e,

2
Bty 154 V72 LaMnOs By R D& AT T B RUE ORI -G R mE AL
RAFT ROV THAE L, ZORER, K1 300nmD LazOs L+ 35nmd> Mn3Oa
FIFEH R L TRV TR 22 L1280 | R mFE OB Z D2 L72<
FOIFEC LaMNOs DA RS BRIG S VA Z & A 7R LTz, FTz BEREA VAL I Z L DHT - SOt A
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B =R LERRHUTFE R, LacOs a7 Ri 1L C Mn3Os DF Jhi+NZ DR mIEASILL,
SIHIZHE OFIHIZBWTHR NI 72 ER 3 5- 2 5 A2 81280, R\ BT EIR
B ETHZEDN, LaMnOs i R D G FRIZ 5L TVAL D EB SN,

3

FERAI NV OB B TIEIZ 8D LaMnOs I IR DA A UL LB IR I B AT
DR T 1L — DB U RIE T B AT A LT, ZORER I A L8 )
23 2kW B ETF BKW {2\ TiE LaMnOs M3 A D & 53 /I HE T o3, A i) /)75 3kW T
13X 2kW DI5E J0H KIFIZE AMEES I, FRH TR E[ILIEN TEI, — . A
BN ) 1IKW Cid, RRFFLEEL TH AT AER L7220 o7, £, AfEh /) 3kW Ti,
TR RN THETe L DD FEHERY A XD/ NS BhL 721552 N TET,

UL EDOFERAZBEEX | BB TFEIZ L ORI O RS DA T 272D O S O IIZIE,
IR~ ASI DB =1L — 7203 T fll 2 DRI IVE - 2RI 1541
DNWTHEBETHUEDHLZEE /LT,

AT

PERR V2 TR T2 8% Lao.eSo.MnOs B3 AR (LSM B3R DA Iz 38U T
RIS DA I T T R BERE L, ZORBE, AhrrF U AFEEL T SICG
TS E R ~OATNTEN 1% 2kW 38108 3KW DS TREETHE LSM iAo &
RIS TET=, SHIT, ATTEN /) 3KW TIE, 2kW D54 L0 KIE I LSM A DA AR 23
HiES Tz, £2, A F I AR L T Sr(OHR 2 VW2iA12iE, AfEh /) 3kW T
10MINKLEEZATHZEIZED HAHD LSM A% G T 52 & TE e, ZDFIRIZ DV TR
FHLTZRE S, SIOHR D3 IR DS SICOIZx L TIRWZ &3, BLREfE] T LSM RO A
RACHF G LI-bDEEERSNT,
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55

VLS 2~ AR IVEONI N RAS L1, B A I AN EVE it 92 &72< | Jit
EHRINS LSM B R A G T DL EbIT, GlSic T /YA XD LSM LA LA VT %
ALY V=T (SCSD WL L DAL EATOMIK T B e AA 4R R LTz, ZDOFE R, LSM
EERT DI O ZFEEOF R RS ScSZHk 1% . 10min OFRALELZ1THZ LIk
D, LSM #0RL1-& ScSZMRL 173 B — ORL - INEB IO o0 B L 7oA O Aok -2
THIENTET,

ZDIDNILTIRBNIZEERIAFZ O TERILIZE /L 800°C (281 D KH )%
FEIT, 320mW/em Thho7z, Zhud, HERM SN TS LSM B EE V2 AL0b E
B THoT-, £, AEICEVERIL7- 2250 800°C 123115 RISHEEHTIT 0.5Qcn? THY,
PEHAE I TS LSM R Z W86 L0E /N SUWEE R LT,

AW TIRELTEE FIEIX, 7 B f X —ORE T EATH LT
¥, SOFC DZE XM NG i i B 7248 R % 3 2 Al e L €L D THEET
HOLDO LIRS D,

VL EIZZOABIFETIL, B FIEIC L DR - B 7 m B ADFESLIZ T BT DL LI,
TNEHMMA LM B OB SR E L HIE 3203 7L v oE = F =R 7 at
ABAFE D AT REMEZ FEERAVIZBI OGN LT, Lo, B RS HVICRL T DR E 2 il 3 D121,
B AL SR D T2 58 B RRIC IV AU DK 72 E DRI DIFAEIZ DWW THEE T
DD DY | R EIRDE LA IS U R F B R T DN EDDHDHEEZDIND, Fiz,
wEEAL, LERIZAT T, e —F — R FnbOG T EORET, RELHE L B
HELTIZAT— T TR DB E NN E LD, SHIT, ZOFEEZHWTHRE T o8
RERFME A B KIRFEHH L O D S 0L 1 D i i 2 DN T2 222NV AT v 7T X
DRI AR B AT B BRAIZES TUEARA R ThHhHEE ZBID,

ZNOES LT R F AN IE THRO NI BRD  ME L R ORRICERT 22841
FFL T, RLDOFEOET D,

84



A

ARIFFe 2 BATL, MR L L CTEEDBICH T, MRV T HE iR B0 EL
72 RIR KRR TR ~T U7 VAR SREE W B ZER ([0SR
B FET, WIEEEEZ T, IR TR 2o bb I E I UEHT 54 DR DB 2 )7, 1
FOZIE D BT DT D A2 B R NI E | TREFLEB L BT £,

K L aELODHIHIY, BEELRTHRE, ZhEE2BVEL KICKRF KPR LF
TRk~ TUT VAR PER R, TR R IR SR L BT i L v 2B TR R
DEERLET,

Eo, AR OBATICBLEL T, £ O EMEBRO B S, T8, 205, 2z
W30 FUT- KBRS A AR WU I KERRHTRAR ST R TR JE R 2L CNEE
WFIEEDERRI TR OB AR LET,

ARFFEOMSE 52 TFEWELTZ, R HUI7a RS R T2 3E A O Bk
ZHODEHE B L BT, AALESICNT R DR DEIBVELT FEARHER T
R, SRR D 2 OB ERTEEEL F)IEEE, SOITEHEITY T,
Bz RSP TW2i2n e RIEEERICEHEEGH R L BT ET, E2, 2ICKeEEE
FOREZDOIZDAN T INVE RO AN OGO —FOHERE S Lie-T-2 b A b
FCHULERL B ET,

Fo, ZZICRHEM TEEEATLEN, ZNECTHROFAALITASIZH L, hEL, ISEELTT
SWELTZ, B TOH & IR L BT £,

BRI, A L FALRSOERE B D IETFOEHEDOKUISEHZ TNZEWe, ©
AN BB ET,

85



AN DD 3 H &

1. Synthesis Process of the Lanthanum Manganite P@ameMechanical Method.
Akira Kondo, Kouhei Hosokawa, Eri Nakamura, Masat&®@kumiya, Hiroya Abe,
Makio Naito,

J. Soc. Powder Technol. , Japan 49 (2012) 74%®: 74

2. Effects of Mechanical Processing Conditions onSlyathesis of Oxide
Nano-particles.
Kouhei Hoskawa, Akira Kondo, Masataro Okumiya,dy& Abe, Makio Naito,

J. Soc. Powder Technol. , Japan 50 (2013) 5656- 56

3. Synthesis of LasSr.2MnOs fine particles by mechanical method.
Kouhei Hoskawa, Akira Kondo, Masataro Okumiya,dy& Abe, Makio Naito,

J. Soc. Powder Technol. , Japan 51 (2014) 4 - 9.

4. One-step mechanical processing to prepare LSM/So®2posite particles for SOFC
cathode.
Kouhei Hosokawa, Akira Kondo, Masataro Okumiyardya Abe, Makio Naito,

Advanced Powder Technology, in press.

86



