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WL SnO, AR EMERE RIFMEER S BRI RE hEE
F, EEEBEEDYFRAB ZHNATR. BAEICZHEIT Stannex.
Corhart i85 (1 ELAR ™ &, 18 SnO, ZEHRMEMEHNER S HERRKRIFERL,
Tk LB S R H T AR HF A MER. HH, KT SnO, Ea KM EH
BHOBENL. Stk RG SRR b B A IR D, BT EEE S
W

W3 HE Mn0,-CuO-Sb,03 W H & BRAR, RAXERL T AHEE &S
Z%( SnO, BERMENE. BEAMATHEMAGR. 8. BEHIEX Sn0,
3 M R R BT N B s AR UL R ST RE IR i M BRI B W IR A7 AT SnO,
R EAE, SRIENDREERARENE. SRERRL
BT EMEENES ISR SnO, 2 HRM &M B ERERZNM.

BB BRI RSG REH Sn0,-Mn0,-Sb,05 B 1% i & K AHX & EFEE
Sb,0; S EIMME TH#E. 4 MnO, HIEEN 1%, Sb,0; KIBUEERHIRM
BB 0.5%. &M% Mn B 7R R MAZEE SnO, K45, Sb B 15 SnO,
IR B4 SnO; FIBUEAL . Sn0,-CuO-SbyO; FHIRFE R, Sb03 IEE K
BHRNETEST Cuo M E. EHRBARN SR B{ZsE SnO, MI5ELS, Sb
BFLE SnO, MIBURR MME] SnO, BIBE4EE#H L. SnO2-Mn0,-CuO-Sb,05 HAR
B 254 T Sn0,-CuO-Sb,0; RIF HIMEIE B2 4545 &5 SnO, -Mn0,-Sb,03 R 47 [ &
BEEAHFE.

SHMERPNELERERH, Sn0,-Mn0,-Cu0-Sh,0; H KM & K & (K185 P
tt o Sn0,-MnO,-Sb,03 B MG & i) i P FEH Sbo0: B BHIF HEFFHEHEH
B HSEIELARES Sb0; & BRI INSCPEKE M, FEE PR g RN
##. Sn0,-MnO,-Sb,0; HIKF AR FHNBEHAN T EHARK: —HEHE Mn
7 SHTN SnO, MARIIZ XB2: £ ST SnO, I EB . SnO,-
CuO-Sb,0; Fi ¥ Mg ¥ £ 223 B FHL R B Sb,05 & B3 N 56 PR G AR, 25 Sb205
& BEST Cuo i, STRBHEENRME, &3 10°Qecm HEH. HAEHEH
PIFBEA RS RERE Cu HEBSRERETHEIBER: Sb™ /S
PSERMFHMBRIRE . Sn0,-MnO,-CuO-Sh,0; HkM &K EiR BHE MG
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ELVEALREBEE Mn/Cu LU AE 3% in 2 38 hnia .

SnO, FHIRMI R 1200 CHIFS IR E T 100 J5 BXIHRIR Bl 2 i Jl
ZREZH, Sn0,-MnO,-Sb,0; HIRIGE B FERIZ MhiB EBEE Sb,0; & BN
FPEEBEMM. % Sn0,-CuO-Sb0; IR EF, Sh,0;s MIMAEMT
Sn0,-CuO-Sb,0; AR I & IR Pl E, 2 Sb,0; WEEBAET CuO &
B, Sn0,-CuO-Sb,03 HARMIE M B BEH B mEENT 3~4x10"mm/h 2 7. B
9 Sn0,-MnO,-CuO-Sb,03 BAR M & K BEFE MR i R A T 3~4.5%10* mm/h Z
i} o

SnO, % Hk P & H4K-Sn0, B RIFHFIIKBIRR MIMEET, SnO, LAY H#
5 BB R . SnO, EHARMKMEEBFIE S SR BERRM, A
BEHRAMLIEE T BB R s . BB IR S HEN SnO, 2 v AR P % ) & )
RILFRMEENSFHE, RAEBAGASINEHENSAHEE.

i, BB T EES AR SnO, A RHG R BRI A A A (1)
98.5Sn0,-1Mn0,-0.58b,0;: (2) 98Sn0;-0.5Mn0,-0.5Cu0-18b,03; (3) 98Sn0;-
0.25Mn0,-0.75Cu0-1Sb,03; (4) 98Sn0,-1Cu0-18Sb,0;. HIBLEHMEE. EEHE
RRER . feyih o BEL 28 R SR T R R i 31k B B 2 85t AR SnO, HEARF=
Bt fE .

725 C TR MAHSE, Sn0,-1Cu0-18b,05 H AR FE & i % 18 o B R FA(K,
725°CRT B A B . R EBR FIREA R, RRTFREBERK. BEE Sb0s
FEMMM, 1200°CHNEE BRR AR MRS T 2 3L SnO, MK ER RN ER
BFHZ . 98Sn0,-1Cu0-1Sby0; Fl 98Sn0,-0.75Mn0,-0.25Cu0-18b,0; H AR FiE % B
A RIFM MR T,
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Abstract

Dense SnO,-based electrode ceramics with excellent electrically-conductive
property in high temperature and good corrosion resistance to molten glass has
extensive application prospect in glass electric-melting industry. SnO, electrode
products, such as Stannex band and Corhart band, have already been used in the
industry; however, combination property of SnO, based electrode ceramics still could
not satisfy the demand of operating life to the glass melting industry. Furthermore, the
references concerning the densification, electrically conductive property and
corrosion resistance to molten glass are few, and the mechanisms of densification,
electric conductivity and corrosion resistance to molten soda-lime glass are still in
dispute.

In the present dissertation, SnO; based electrode ceramics doped with MnO,,
CuO and Sb,0; were prepared by pressureless sintering. The effects of additives and '
sintering temperature on densification behavior, electrically conductive performance
and corrosion resistance to molten soda-lime glass were studied. The mechanism of
densification, electric conductivity and corrosion resistance to molten soda-lime glass
were analyzed in detail. The influence of heat treatment in air at 725°C and corrosion
by molten soda-lime glass at 1200°C for 100h on resistivity of SnO, based ceramics ’
was investigated.

Relative density of Sn0,-MnQ,-Sb,0; ceramics decreases with increasing of
Sb,0s. Densification mechanism of SnO, ceramics doped with MnO, and Sb,03
contains two points: one is the substitution reaction of Sn* for Mn ions, which
promotes sintering; the other is the substitution reaction of Sn** for Sb>* ions, which
restrains densification of SnO;-MnO,-Sb,0; ceramics. Densification mechanism of
Sn0,-Cu0-Sb,0; ceramics depends on the substitution reaction of Sn** for Sb*" ions,
which restrains the densification and surface diffusion of rich-Cu liquid phase at grain
boundary, which greatly promotes the sintering ability of SnO, based ceramics. SnO,
electrode ceramics simultaneously doped with MnO;, CuO and Sb,0O; integrate the
good sintering property of SnO,-CuO-Sb,0; ceramics in low temperature and of
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Sn0»-MnQ,-Sb,0; ceramics in high temperature.

Sn02-Mn0,-CuO-Sb,03; ceramics shows the negative characteristic of
In(p)—1/T . Electrically conductive property of Sn0O,-MnQ,-CuO-Sb,0; electrode
ceramics relates closely with the carrier mobility restrained by diffusion of Cu ions on
the surface of SnQ, grains, rich-Cu liquid phase, rich Mn phase at grain boundary and
the substitution of Mn ions of low valence in the lattice of SnO,, and the type and
concentration of current carrier determined by Sb>*/Sb** ratio.

Corrosion rates of SnO, based electrode ceramics doped with CuO, MnO, and
Sh,0; after corrosion in soda-lime glass at 1200°C for 100 hours arrive to 10™*mm/h.
Matrix material-SnO, has excellent corrosion resistance to molten soda-lime glass,
which is corroded by molten soda-lime glass by diffusion. Sintering aids, namely
MnO, and CuO, are easily dissolved by molten glass. Molten glass easily enters
intergranular pores and corrodes the thick phase layer at grain boundary, but it is very
difficult to infiltrate into transgranular pores and to corrode the very thin layer at
grain boundary.

Optimal compositions of SnO, based electrode ceramics with excellently
comprehensive property have been obtained as following: (1) 98.5SnO,-1MnO,-
0.5Sb,03; (2)98Sn02-0.5Mn0,-0.5Cu0-1Sb,0; ;  (3)985n0,-0.25Mn0,-0.75CuO-
1Sb;03; (3)98Sn0,-1Cu0-18b,0;. Their density, resistivity at room temperature and
high temperature, and corrosion rate all arrive to or even exceed the present oversea
SnO; based electrode products, such as Stannex band and Corhart band.

Heat treatment in air at 725°C increases current carrier concentrations and
resistivity at 725°C of 98Sn0,-1Cu0-1Sb,03 ceramics, decreases resistivity at room
temperature and carrier mobility. Corrosion in soda-lime glass at 1200°C for 100
hours reduces resistivity at room temperature of dense SnO,-MnO;-CuO-Sby0O3
electrode ceramics. 98Sn0,-1Cu0-1Sb,0; and 98Sn0,-0.75Mn0;,-0.25Cu0-1Sb,0;

electrode ceramics have excellent stability of resistivity at room temperature.

KEYWORDS: SnO,; Electrode ceramics; Simultaneously doped; Densification;

Resistivity; Corrosion rate
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FEESRBEANBEHETER, SR EET 30%MHH. +E
BRI BRRK, MKRRE, BE S FHTHIMKER 167%. FEHOTH
G, b EREEE LA DR RE KRR REREY . B T E
REFLPR—AEENTL, EERXNSFRRPREFFREZNER. BBE
ERA/DMELSEGTES, BREFHEAFOHRHE, 2L, 1KELUL
EEEASEWERNRELFHKNESNE. e A PE KRB K
BITWARE T EER R .

TR, RS R AU i R AR DAL A K EE AR, XT3
BEREAT LR B, BREFR. X T BRI R E M REE AR BRI
B, WHATIWHAT T —RAAEY, st SRt A KPP EROR f S,
ERF—RIOKEE. FORIHERT B Ea. REBE. BB LEmK
BREY, EREEEIEEKA™R, THEMMEDRENRLIRRS. K
R AN SEMRPRE RS, TN RE, WA ERARAD, B EER
BRAMBA S &R BTHNBEEETE—RERBERRAF AR,
FI5H, TAFESRMMA, £ E 5MRR IR Tk BRI J = B
TR B BRI B R — .

1.1 fixdE=

111 WEERRANTSSARRR

B AR (Glass electric-melting technique) 2B Tk R R —FhFr il
MBEEAR., REAREREFMAARRN, RREBRSARSEN. #H
FiiRA otk YRELK, BBEaEERER, FREEBX,
BT AR SRABAC IR T

WREBHAR SHEER KEMBARBARL, EEAHUTREMN.

Bk, REHKRRD, BEREAKRE. HHEERHEARARBEREEER
HEMARNSEE, CRAIARN, BTREERL, FHRAHE—BEEH
PFiEE, FEEREERA 100C~250'CEA . TIERKK KIGPRKE KGR
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B IR AR T N ZR T 1) P9 B0 4% S0 IR SEIANY, B 2R E L 1600°C,
ETHARK, BE2EHTHES, BSKHBERARE, SRR R
30%. JTUABRI A AL B BB R T R T KGR . BRI RR B R E A
78%4 A, 1 H HEIERTE 60t A LB RIS E MHEREKXT 80%.

HR, BEERS, BEAGER. BTREXEEORESE, | KAARF
R R IREU B B(nE H54 SO, NO,%), Hik, BTEHKN, R
WL B IE R AN BEEREAREP, UAERBLN NEFED BIBREB P
M 1-1 PR, HEPEREEASEANERETT B BOMEK. L aiey
HI¥E R BB G MMER 40%EHR, FALH IR R B TR R KIE I #
A 10%~20%. ME—RERYE CO, BAMBEIFERITRMIMER .

# 1-1 KIGE S RBP BT R A S O HFE%)™
Tab. 1-1 Volatile component (%) of glass in

flame furnace and electric-melting furnace

Content (%) Fuel-oil furnace Electric melting
Volatile element or gas furnace furnace
F 60~70 3
Pb 10 0.2
B 10~15 1

S4h, FRBEE ARSI OB S, RRER. £l
BEFLRANCBIE, REFHEME. KOR BRI BB AR LGN
HEREERAEENBREL.

BB ARCZAEMRESERNFH R, N 1902 EFFH, Voelker FRHET —
ANEEAEEF, HARRFHERETRBEES R ENRRB B, HER
ARV AR AR SR R R, XA AR B T TN . 1920 £~1925
%, B Raeder A Britk, MIMEIT HHK LB, 1925 4, Hnf
Comelius X Fh B i A P BRI (A R B AN R BT . X BB B R AR ok
%, RERZERBERERR. ERESPETN, RUKRERYSE, S5
WAL ET R, ElE. FARERLKER, BTRERERHEER,
Frilixfhs 2 Ree A T b e i, MR, —HEBITRRE/LE. 28R
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WiiE), Ft Borel B A HET KEMMALBE T, 8EMRBREEHRKN
Bl. XTAEHVEE St. Gobain A MUAHES, %2 T B T SEhr THE. 3%
B H R BUE BRI R BB B LS A IR 48 AR P A L IR . £ E
i) Penberthy # 1 7 AR R 458 F4H#E(U. S. P3140334 )91, 1952 4E 338 T\ Fr 46
JTZRAEBERNEEE. H5—HRXER Gell M1 Hann T 1956 £E12 H BIHCIR
HER. KA 1964 FERENATBRBA TN, 7EHE Penelectro 2 &
WitT 3 Xt SnO, RAR KB BEERIRYY, HAIXFP AR A B T PEAE R 47 0 s ok
RE, HHBKEBBEYT RIFMOER. 3 80 FERTHDH 60 B SnO, HAL MK
BARL.

BEEBRKR BRI IS R EI HREW, 120 FEREBEEBERET
WEHET. BT R ZEDH 100 ELdmEEE, b 100vd U EHEBEEP
EEH 28 B, &AM 250vd. FEAFMETFRE, HIIEE BB ERER
ANTEY . REMRERBEEERA—LREE RS, AKEREEL,
ThER M E R 300kW 3K 2 H BT 800~1500kW. REBBBIREL, MOH
BRI, MAKBBBAERNERER TL2HARRNEM, B 1967 5FE
AR 3 FRF—RNEGFREEEES IR THEEE TEAAHLYEE
& X,

1.1.2 fHBmRBRAR O

MBER RIS EOR IR R D T LLE e, IR BOR AR FRAR 24K 72 B B R
FTHEMEAERESRE. FTIEEREARN SRR FE R TRt
DEAFEBESTEMNRRABENBERLT, BAZNEER 1700C. 2)FEDE
BOOCHASWA AN DRAEEBHLAHETE. H7E 1700CLATFAF L
BWHHMERE . SEALBMMA SRt 6)SBERINEILRT. YREERHK
B, EEMNRPEMRERE. M BEHRKR . RBERR. &S SMER
2, ANEWKHREER, EAFMK. 10BKREIK. 11)5HHEMBHEE
K. 2)MHEE. BIERRERIEEHE LRE R, Eifr, R
RRESR, MENAGEEREARMEEE, BT faEgakmsasn
B, Ak, #. 0 Sn0,.

EHAN+ERTRANRERBER, FRRENLED, ERETAEE
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BEOVWRE. EMEPRZMEEK, SEEBTEEERENYERTTE
BERBUR, WEERBRRPEESBRBRAY, ATBREREHENSA, K
WimaRz, WEFRAENE, A 4~12 M H. Bba BRI EEHIMER
HhOREE. BB, 1925 FRASBASEERME, hTRERS
FHBmER, XMHBRIGERTRAHECHE. fEkaTFENT TR, &
B T R B AT AR A A, R B IR A Al X A ARk . B BT R
WA RAROR AR, AN RS R ER TR, SEEN
B, WERSIA, SHEEROERAGET, BRTHBEEUS, &R
FHACK S HB, WA BE. M KNIE. ERASESNIIESE, HY
HABBFEA NP RIAE N . BASERE TENL, HEELSKT 380CHEHR
i, 600°CH INiE AL, 700°CLAEREE L, AR EEMLY MoO;, XTHE
HEFER. T EAERESEREE P KR La Y, RHESTHEP AL
o, R, EREPHBERRAKE. SHE. 9%, BEFRHE
. OEEBRETE, MBEEKAREE, FABKETIREALN
FE e R RE, L4 R R A S R AL 1) B R BUIR A AR k. b TR AL
MR AL, LRI ER—FrhtEEk. 20 D 60 FH), SnO, RKNIE
M.

% 1-2 SnO, Bk 5 Mo FRARAIVE B LA
Tab. 1-2 Performances of SnO,-based electrode and Mo electrode used in glass

electric-melting industry

Electrode SnO, Mo

B E 7 KA
Sb,03. As;03+ PbO

i e AR B4 & B
PUEk SR hAE & 32

W e m LA ) HOEREA )
R P L R (Aeem) 0.5~0.7 1~3

WHBRERECC) 1400~1500 1500

AR ARERE = 33

AR HURE (K W/h) 3~5 ~
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SHEBRAR, MR 12 PR, SnO, BARMHE LA S SR TR
SEVER . WKEER. MEBEEGER, HEIEBEES Sh,0;5. As,05. PbO
LHBAESE, M, SnO, MK AE R REUDN, SREERIEET
B, MTTEARARIETE. MIES. MBS, B, 4 As,05. CoO.
Fe,05 MIBERELL R &4, % BB, WECHN SnO, ik R EmE 5%
EH: Corhart H%. Penelectro Hi4%. Dyson HAk AR FHE KTG A F4EFH
FH-T k.

HREME 1-2 &1, BRITHTUBH, Sn0, BARME B RE A, 775K
REBERHNAGRAEKX, BHERTEEMBERFEASH SN, Ei,
BFFOH 4% 2 & MRS MERE TR ) SnO, 2 AR RMK R R BB s B TV O B
ERE—,

1.2 Sn0. R EM BRI KRR

1.2.1 Sn0, BB AR 5 A%

SnO, SRR TN BAR, EHERE, BESIHER. R, A2
Ko SOy AELLALEM, SFEE a=4.737A, c=3.185A, S ikgEHmE 1-1
Pi7R. SnO;, TEHE F AR REEAE, KRB ERAERSSBEE
AR. —RIAK, BEMT 1500CHERERK, 7 1500~1550CEL L SnO,
R BER, Sn0, B—MEHRER L SIEOK MEBFELANY 3.7V £
H), Wik O2p Bek, B M Sns . Akt BH SnO, EH B TR
HREP, SnO, B T EEHZ RN, WL Sn0, &ML —FhhEsHt
BHEMA, SBLEER, EEAR, RS FmE ZHNAY; sno, &
B R AE A AR RE B8 001, LU A v A0 LA 41 30 25 P AR o 70 U A
[26,35]

SnO, FEF IR IR EAT ML 5 BN 21 A B R A FL v, taT ket
WM HAMBREER . MEFLIAI AR R RS 7ERERR Hh 1A A R RS 3 /N
HitrtE. BRibZAh, TR E KL AL T MR .

Bl SnO, BAEAHBAEMEH 5 g BT k4, 41 SnO, HIEIR LT,
AN R R E S R R, B8 R4l Sno, i S iR,
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{B—RRHI% SnO, HE i FRAEELEP Sn0, FEHEAZENM, FBULETER
45, SEEHEARTETES A Sn0, HE, HE WobEE R 80%.
B 5 SnO, BHHE (I ATO, FTO)HFBHE FEUR SnO, @I Sn JRF
FERTF, FmEHS AT, HHREHEEKNEETRE, TRXRELEE 80%LL
0SB i o S e R DU D K RE it AR BRSSO B AR L. SnO,
SBEERBE RAARBREZHSEMHZ P - MR B RRET
SnO; I ERE(ERHE 22 )4 s i, B T 4k 5 B4 T o AP kL S A 35 22 R AR
B2, B SnO, MM Ay B i 7 T A7 7 1 45 25 3% 2 (Schottky barriers), 2 n & SnO,
BMAGEZE TGN, BATMELAETE, RUHHEHEEEX,
WRBEAMA S A BT EE, BR2FERK, RIABEERE. SnO; X
AR B0k . AR AT I P S BE I BE A J KTy . IXRTRE
R BT SRR TR K 2 F 5 BOR T RE 41 % B Bk v 3 R T M FR R BRI 5 1R
K. EARHRFEEPTRIL SnO, MM I 2R IE AL WY L, M
11.3%RH ZE4L 3] 93.58%RH, W E [EAE] 1 448, T BR%EE M AR IBH
BB E, ERTEE 11.3%RH FEHHE 6h Bk E 215 R HERS

FLI SnO, W& T RA R FHIELER 2EE, B—MREFVEHEN
BEAEL . 1995 4E S.A Pianaro HFH A K T —FH BIAE Sn02-Co,03-Nb,Os A&
MR, BaEMRTREN, BL SnO, h EF Ao AR Bk R R BLIA B 5 =
&, MRy, maEEgEdaRE T HRRAHBRKKE
77, Bl Sn0,-Zn0-CoO-Tay0s-Cr, 05 E BRI, H 2 deek i RHPUL R 21.5;
Sn0,-C0,03-Nb,05-Pr,0; G, HeZdedki RHTL 6184, Hwk, %5k
] SnO, P8 7] AN F Hall-Heroult process B3 f#4R I AEF= P (B /R-#R % /R4F
LA AETE) . SnO, EEE M IEARATBLRAEE H BT F B IERABH — PP R S i
P, RN 2wi%Sb,05 Fll 2wt%CuO ) SnO, H 4tk HAR PSS SIZE vk B 5 A AL AR 28
P R AT LA B 92%.

M SnO, EMB B EENNHEZ —HREH FRHIRENEL I EK
2633 R Al b T R “ BRI AR EARK R BB B AR,
R ETHBEENEE TERESRE, ANNEBEXARROERE. 5
Hh, FREEEBRA. RTRESBHKHESHAUBEBENX BERS,
SnO, &ME—Re i R A I A W RIS B R A AL s tRb 4
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1.2.2 Sn0, E[EMEL

1.2.2.1 45 Sn0, B R R 1R A4

SnO, FFPRAEHE LW ARSURPE T ZHNH, XTF Sn0, Kisss S5taE
MAMMEERE L. BHT Sn0, T Sn* 1 O*HF AV HALIRIK, BiEg
RER SnO, IS ARE FBEER-BERAEBEUIE, 1548 SnO, MERIL
I E M PP,

—RAA A R A4 R (BURLR <F /T 100nm) BT LA KB IR e %, o]
CAR & Skt RT/NBIBUE MR BT DA T 5 I BAFI ) SnO, Ma ke 4 ik,
RYINTTFRAEA SnO, BARVEH L FERFI% SnO, MEE. BRIEHF
&l(Herring mode)™, X+ F/MERIRE, FEEHELEHTF /G (G HHRR
. n A5 FREARYEMEXTESR). n=2 RERSHERILEIEIZER/BE),
n=3 RPGHYT H, n=4 RA[FY BRI B TR Bk KT
DA I S BBUE (SRR R BORRER T ERRE. RET B)FMHREE
WE % . TR, BN REARGEFERBIBEME . LETHBIE tEH Sno,
BENABMN R IIER BB HEREA RG] T Y025, varela er ol " F0
Kimura et al. ) R K-S ERIHLERBBELE SnO, Ke45idi2H 1000~
1400°C Z [B B K KRR . AT AR RILEMATRZEIL S . Leite e al Xf
TBIRMEBH SnO, M ARMIBEET R VIR, KR T (500°<T<1000C), SnO,
FEEEMHIFI EEAREDY 8, REY ETRMOB Y H,0, OH—F
CO)IEHIIBK. HFRmET(T>1300C), FEAMPLEIEERRE —FRIE.
AT EFHBIR Sn0, FIREERE, SnO, MAKRIEEEN T 8 LEM TR
% . Hoenig M1 Searcy i 7T SnO, 1 RELE R HI RS MER NLAR 1-1).
FINTE 927~ 1427°C2id, ESESEEHLEAR (1-2). AR HBE,
SHREET 1200°C, E 4 E 2B EF, R SnO, 7E 1200°C LA L4 # Bl . Martins
0 Sensato" " FIF R 2R AR T “MLE” HEX SnO, R Sn-0 M4
BAHERERKIEN . TSP SIC, SEN)W B BAKREERE T A
REBBUE . M LR SCERIFRE H, SnO, MK IS4 A SnO, KIIE B LA K SnO
BN E IR . SnO, BISEEF SnO HIE AL 53X SnO A SnO, [RILTFIIE .
XEEM Sn0 5 SnO, MR ELEHAE R, W 1-1 xR,

Sn0,(s) = SnO(g) +1/20,(g) a-n
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log P,, (atm) = -2.061x10 /T +8.656 (1-2)

B 1-1 SnO, f SnO HELHRER. KRFEREET, MRERFHET: a
SnO, s 1A% H; bk SnO %H; ¢ & SnO, FREFE(100)E MEIEE: d b SnO &
FLZE(010) I A # 14)

Fig.1-1 Atomic configurations of SnO, and SnO, the large spheres correspond to
oxygen atoms and the smaller ones to tin atoms :( a) Structure of SnO,: unit cell. The
dashed lines link the O atoms forming an octahedron surrounding a tin atom. (b)
Structure of SnO: unit cell. The dashed lines link the O atoms and the tin atom

forming square-based pyramids.

1.2.2.2 Sn0, B EMIREREK

4T % SnO, M S, EANCLAREBXTEXHEMHTA.
03K F A2 B G TR A . R A B A0 & T2 L RIS R 3
s RSE.

1.2.2.2. 1 RAUEFFERN B RYNBAREHM K

1993 4E Gouvea et al. ™ KB 7T —RRAE AR ALEEBREEHENE
() SnO, B4 &, BN Pechini’s method. X7 H:ME AR T AR B BRE
BN TEEEO<X,,, = Mn/(Mn+Sn) 4o <0.15) 1B E¥HEEEL . Gouvea et al.
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BU R T & BMHA IR A 15 1 . Mn (04 B35 /DR (8 0.4%Mn), SnO, &4k
RIBHEETAE] 95%. BEERTEMEM, SnO, MEMENRERTLERT
BITEE, WX, =0004, SHASILMMEALE 1300CHEE, X, =0.06,
FIFER 45 R AE 900 C AL AL IR

2003 4F Mazali et al. ""JF)H Penchini’s method %% T & Cu-Sb-O, (A Z 1)
SnO, BEH, HSERMRL 7 iEA L R AL 2 75 B3R 15 ok K AT LAR 784K
BEEKR. MHEH SnO, XML

2004 £F 78 B 3R SR A 264 Pechini’s method #1% T 4 Ce #1 Cu £ SnO,
WKBK, FHRT B SnO, KM KO TERGEIT R HREH, 728,
FERSERETHERIN 6:3:1 i, TTURBRMS. HERILAERH. 4
R ST I ERFE (Ce, Cu)-SnO, 4K 4K, KD H~15nm, RESHTEEE. CuO
BT BERE SnO, FIFEL AL, Ce0,-CuO BRABIMAET SnO, &I H#H
R, 1 1.5%Cu0-98.5%Sn0; AT LAZE 1100°CHELEF; 1.0%Ce0,- 1.5%CuO-
97.5%8Sn0, 7 1050°C R Pl B &5 3%, M3 IR E] 96% LA k.

BRI ETTESBERMFN SnO, BABHAR 715 0] LAMK SnO, B# ik
RIEREE, IRAG AR DEIEUE SnO, BB R . (HIXLL iR B R INBE B #).
A, BEENEERFTERRERERREAE, BUFER T ESBEAES
I Wt Y =

1.2.2.2.2 B HRNREHETE

Park et al 8B A #&# EBOR(HIP)ZE 150MPa-1200°C-12h £&44 F k8
REEEENTBR Sn0, MEKAIXN FEHEILZ 97%LL L), Uematsu®7E 50
MPa-1300°C-1h KIHERES &4 T RS MERD EMKBILTF L BFER4
SnO, Mg %1% . Yoshinaka et al. P S 428 #3(99.999%) FI(NH,),* H,0 K AR 14 B 4
HIA SnO, ¥rik. K AR SE E(43MPa)FIE Pyrex MBS, UL Ar
SENEENRBITASHERLE. K15 Sn0, M EKIFEHRR R &
0.9~1.7um Z[8], B EILF] 99.8% L L. Scarlat er al. P> RAIZiE LS
R(Field activated sintering technique, fij#%X FAST)$445 & CuO+Sb,0; I SnO, f %,
0 0.108b203-0.90Sn0, #¥ i A B BE AT LAIX B 92.4%. Sng 75Cup.083Sbo 1670, HIFE
i B BEIX 2 99%.



REBITREF LRI

BARUA B RR 7 2 B3R ML A IR 0 S SnO, M REATR}, (EIXITTE
AR H, RELRTAEFR TV AEERRAERICRGEM . IS
INFE SnO, IR B FARRAT RS ik, XATERBEHAMBE UK
AR ST S TSR 04 X, & H AT HI & BUR 0 SnO, 2 M AR H R BT i

1.2.2.2.3 FMEEMEEBTIKRYE Sn0, HREHE

F TR B FI K BB E NSO XMW ERMH AR S, FENESD
FIA5Zn0 365861 MO, 265681 00,0, 1782, Fe, 051, Ti0,**). Li,0®FICuO
[61 ,64,66,70-74]%_1?= .

Cerri et al. " RTESNO, F1#5 7 CoOK B BUH M PRS0, ZEM & . ZCoOH)
28 40.5mol%~2.0mol%HT , SnO,M % 130 & ol LA $199.4%LL L . Perazolli et
APV F R T AR SNO-ZOERELIEHEW, KA
ZnOi it 5 SnO, &5 4% K A BUA 2 I A R 2 1 AR 33 SnO, PR e 45 BU% L. Fosc
hini ef al. B 53 T R Ba 4k 75 v & A ZnOMISnO, M &4k, HEUH L FI98%
BA_E. Dolet et al®® B3T T 0.99Sn0,-0.01CuOiR & MTEE S FUMBEALRL,
£21150°CHe 4 Ml e 3% 15 $198.7%. Lalande et al. B33 7 CuO(EB 2R E A
0.25 wt%~7.5 wt%)FISnO,ZE M & IIBe 51T A AT T TRAIRH 7T, & BL, ZCu0
(VRN 40.5~0.75w%, SnOMEREHIBUERELFI8% R . Varela e al V1@
78 MO, (¥ & K F-0.5mol%) 15 B3 5L £ SnO, 3 B AR (HE X K T95%)

BARL ER A LR I iR & SnO, R KB H [, ERIKAFEERR
. —RISIFFEE SO, AR MG K IE A S REH ™Y, R INFIN SnO H AR
B AR B BB AR 1178 AR IR

1.2.2.3 Sn0, EfER B4 EE
1.2.2.3.1 4 SnO, By Sk4FE

Sn0, MIH BN R —EIAMFXL, B 12 ARPRENLER
SnO, I E Sb B4 SnO, 85 K £ G M EERERERK L. A
B 1-2BETLUEH, SnO, HEMEAL AMERRERFARKIEMN. 1965
4E Marley ef al #RiE ) SnO, B 523 CHFE# K 107Q-cm £/ . Van Daal et al.
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RO TR 2003

fE 1968 FARIEHT SnO, B4 IK-23 CHIFAZE K 6.33Q-cm. 1983 4 Yamazaki ef al.
HIER) SnO, MR HBHEREE EE 2 TR, 4 Sn0, L RMWETEBHE
t SnO, &4 4&38 0 4~6 /l\%lﬁﬁ'c Yoshinaka et al. P it # % EH A5 24
SnO, & GMER ER AR 1.11~5x10°Qecm 2 18], i 8 BP0 e 2 iR fa e
% . Saadeddin et al®®¥ K4 SnO, AL ME. £HMEL M AIERMEE
ERERERUHL S0, I S S HBMSE MU R ABREREREEEY)
FIBER .

T (K)
10° 500 250 166.7
o, R 102
R —sD,
o} Ot 7 ]
F
= | EA'B D,
g 2} < 102
3 P
-4t \ 104
° F
E "6 - b - 6
P, 10
0 2 4 3

(1/T) 1000 (K~1)

“Pure” crystal: A (Ref.1),B (Re£3) and C(Re£5);
Sb-doped crystals: D, and D, (Ref2);
“pure” ceramics: E (Ref.6);
Sb-doped ceramics: Fa([Sb}=0.092), Fb([Sb}=0.06,and Fc([Sb}=0.03),[Sb] cationic ratio (Ref.4)
1 J. A. Marley and R. C. Dockerty, Phys. Rev. 140, A-304 (1965).
2 C. G. Fonstad and R. H. Rediker, J. Appl. Phys. 42, 2911 (1971).
3 H.J. VanDaal, Solid State Commun. 6, 5 (1968).
4 T. Kikuchi and M. Umehara, J. Mater. Sci. L&t. 4, 1051, (1985).
5 T. Yamazaki, U. Mizutani, and Y. Iwama, Jpn. J. Appl. Phys. 22,454(1983).
6 J. Maier and W. Gopel, J. Solid State Chem. 72, 293 (1988).

B 1-2 SnO, HFiy % 55 7R I B8 2 P BE(DC)
Fig.1-2 Electrical behavior (DC) of SnO,-based crystals and ceramics

1.2.2.3. 2 $8F3F Sn0, By 3 SR EFEA R IE

M Fonstad et al FIZERTTLAE H (A 1-2), B SnO, B 59, Sb
MAFBREFEMEHNESEEEENRET. B4 Sb K Sn0, L FMREHEER

11



RO T R%E L EA

BB B+ B (10°Qem BlE). RBRABOBBIE Sn0, BEZ EMES R
e E i AR E SR, 1. Maier ef al BB PR INANEERMB T SnO, &
£ RSB FEATIRN, FA Sn0, ¥ % & W EHHEX % EHET 70%.
(BERIHARRR, £ 221CUT, 0. / O B 10° UL L, TIEERZER
HHSETURAHE. TRAREEK Sn0, BB = AN RER
MM RS, JAh, Kikuchi ef al. KIR Sb 240 LLKHE R BBRAL SnO, 2
s H S5, X4[Sb)/[Sn]=0.092, SnO, EMEHIHEHEIEAE SnO, FmHHE
PHEEARY, W 12 Fim. 4K, 7EBA SnO, &S, SbEIMABETS
23 A ol ) BBURY. 75% T 8 A2 5L T 140 6474 < 1990 4F J.H. Lee et al. V5% i) I S5 0
FE & B33 SnO, EEMI R AIBIsE AT, BRI aMELE MR RR
PR 10° 553X B T SnO, FI2 S MM ELAE X SnO, (s M REF IR ZUAI L WA,
XL BARY SnO, MG KT BTk AE R REN S H MALMEEAA TR

WREY, BAENSNEREFRAMERSL, WSh™, N, Ta™, Bi’
o XU T 5 R Sn* B T R AU RN A A BT, KRR SO,
HEFEM B SR, (HXEE T SnO, RAMES, FBIKT SnO, L.
BRENENSBE T, 8l ek S A4 BB R SnO, EUELLES,
(BiX 55 F2 5% SnO, MR HI S RS AR . b TH 2 RIFR AR
B SnO, XML, UARMFRMEFARMAM LR Eik, LUEKBIHR
#E i 7F R B 22 2 AR INFI 0 SnO, F P& I B AU R B R LA .

Las et al. BB 37 T 4 Sb.TaNb (11 0.99Sn0,-0.01CuO % L % (1) #3 FH#(DC)
5iREM%%R. Sn0,-CuO Fa&E M =R A EEE 10''Qem. # Ta fl Nb
i SnO,-CuO HERMMIERBERREHENRE. RHE Sb WBREZMRKT
Sn0,-CuO-Sb,0; # S I FE PR GAE] 1Qeem ZH). A K RES
AR THEEEE 2T RINER. Sh0; FIMATUHBHIRE SnO, ZFRER
SHtkEs, Fib, SnO, LM E SRR TSRS T SbO; SHE4E8)
FE LB Sn0, EF.

D. Nisiro et al. ®”' 7E 4.0mol%CuO-SnO, F ¥ A F & & # Sb,03 (0~2 mol
%) , EiEHEHEERMEET 0.1Qcm. FEFELIEER 1300~1400°CH, Sn0,-CuO
FES  S iR B B R B 0.5~20Qecm, 5 Las et ol PHREMZE RAF. BEBHR
{f) SnO, ML F R AERE R, 44 10'Qcm.

2006 4, Saadeddin er al.®®IZE SnO, #:Mg &+ KRN ZnO 1 Sb,05, KT

12
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TRIFH MR, B Sh0:E, HNERRAHIRR, EEREHEEXERZRRE
{66, 20 SnO,:Sboos 4 3.38x10°Q-cm. [FFFRIN ZnO F1 Sb0; i, ZELRUEFE
HHEEREOHRT, SEBEETRBEEOMIE, W SnOxSboosZnos MHEHR
BIPHZE % 1.28x102Q-cm. Scarlat et al. *"' FIF] FAST AR 5L ERLB A&
4 Cu-Sb 1 SnO, M5 . FIH{E4 118 211 0.82 Sn0,+0.09Sb,03+0.09 CuO !
0.9Sn0,+0.1CuSb,06 Mg % = 13 s PR 2 A% & . T A FAST BRB 2R E
A 102Qecm. HEGEMERBERARIH L PHEE, RSB

BRI BN ZnO-Sb,05 A R EUF F FAST £ A3k SnO, & RA RIKH
FEBEMAE, B ZnO M Sb,05. CuO 1 Sb,0; KR ME B K. FEEHKE
BT B BB ST R BACY, SnO, Z MM &P IR T F44 SnO, MHUE MhEE N 1RE
PASh, HR s BB IR bt 5 3R 98. BTEL SnO, ZEFEBE RV NI A5 I
SENEERH.

2006 4E, Citti Olivier et al. "BF4IK) SnO, ZELIRM R B, HRMA S A
Cu0(0.025Wt%~0.35wt%)~ ZnO(Z1 0.50wt%)F1 SbyO3(0.5wt%~1.5wt%). HiK
FEHEERET 0.1 Qcm, 1100CHHMARRIKE 2.4x10°Qcm. XRESR
BN BN SnO; ZEBMRMEL, BARILE R P REME SnO, A B
SHYE, HAUEN SnO, EBEKMEMNT SR MAGRULRNENSER
{RIUF EARAEME R ox A PERE A R BRI K

MU LR ETAE Y, B R AR SR A L R Ik R 2R B R EE
RN ESFHEEENRERR. BRESSRMANZTERKEYIERLT, SnO,
EBRENBFENSAERETRNRIEFESR —SOMR. MAESESEN
A ZR K SnO, F MG & T N B FEERAR .

1.2.2. 4 Sn0, BEMRIEIE AR MY EE

ERTERRAMG T TENMEME, Sn0o, RWEMERTEFRFNHES
P4, EEAFRRMRBEBREMEES. 5 SnO, BikM &M E BT
WM NI REHIRE. KA ASTM C621-68 BT HlsE i 7 &%t EE
Stannex-X 5 BB R R RS THAREBBHIRR, FRERN: £
36%PbO [rI4 R BE I PR R (KB 2 0 2.46x10°mmv/h, 755 G124 B
R g %R 5.07x10” mmv/h. TE A 6] & ) SnO, FERFEHE R 36%PbO
BRI & R BB Rl o (R i 2 2 0.73x10°mmvh,  ZE PR 22 B EE R ThoE
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4 3.13x10°mm/h. FHEAPIFHHIKE ZRHEALWRMAVA SnO, HEITEE B
B A AEBRFEMEE 1350 CHARBE R TR0 1000h /5, RHEER
0.5x10°mm/h. FhAGECHFF BN S B BIBBFT Sn0, BHMIBHER. 4
BRY, SnO, HARHEES 76.5%Pb0 FIAR BB+ R bk : 800°CHA
TEIME: 900°CH 3.33x10°mm/h; 1050°CH 8.33x10”mm/h. ZEE 79%PbO
IR B P R MR R 800°C 24 2.08%107 mm/h; 1000°C 24 2.08x10" mm/h.
fEH 85%PbO MIH BB R FMBMEE. 700CEAL LK m: 800CH
1.67x102mm/h; 850°C 3 2.79x10mm/h. 2006 4E7E Citti Olivier et al. [f) % F Y
#1% ZnO-CuO-Sh,03 A R SnO, ZEHRFEEME 55 F M(T1186)HLLE,
HHBER Rt BT TS EH 5, BIEECh 106 £6 . KB HA S X SnO;
B AR AR R E A B A — B R B T B M E R K, FrUXT SnO,
B AR A B P EE R v A8 A ILHUR WU R AR E R K IR Bk«

1.3 X TIERYRE STHREM. BEX

ERE WM SnO, 2RI A BN R BUE TBRKHISEE, ESEEH
BLT Stannex. Corhart SERE 5 [ RAR™ &, B N hH B> RIOIRIE, EEZ SnO,
B AR B PERIK R, T L PO s A DALY SnO, 2
M EME R BRI ER. TH, SnO, ZHIRMEEMEKBFL., SotkaE.
PUBRWR R M BRI AR IER D>, HIEEEFN. BIG, SnO, LB R
YER Tolk=dh, H DAL AEIE A i LR 518

St EFFAER R, AR TR TR SRR F K SnO,
FEARE, ERSENRERMERFRRRS Sn0, ZEIRMREMEHZE T
e, AR FHEERMNGIBIERMEE S . FRARERKFMFNSBARS
TEHIERT SnO, & AR M B A R M RE M ISR R P R R, BRIT I
B, A SnO, AR EMEHIBT AR LRKIE . ERIERER SnO, &
AR R RHE S A BRI BB, MR BB R B AR R ER
T g7 E R BRI R RS 1R

WIHE SnO2-MnO,-CuO-Sb,03 WFFF AR, LAl#Z SR SnO,
B RRF AR N B AR, W3R 2 EXENY SnO, B ERTMER. L
BAEURMRT . 8 3 P, A Sn0,-MnO,-CuO-Sb,0; HARHE EAH R

14
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RREAT AMBELHE, BERNFNSE, $%H%EH Sn0,-Mn0,-CuO-
Sb,0; FEARFI R L. 5 4 Eh, HEHR Sn0,-MnO,-CuO-Sb,05 BRI L K
F 5 06 P B 3 5 PRSP, 43T SnO,-MnO,.CuO-Sb, 05 HIME Mg bt 6} S L3,
8 5 FEX} Sn0,-MnO,-CuO-Sb,0; FLARKG & AIHT BE I W2 Pt BEEA TR R, 1188
H B2 L.
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KRBT RFHLEMRI

9% Sn0,~Mn0,~Cu0-Sb,0, B8 1% & EBYSE
T BN A&

2.1 315

Bid FIR B2 MR MAISE Sn0, ZBKMEEMHRIMACHRE, W
T CuO-Sb,058%), ZnO-Sb,0358H CuO-ZnO-Sb,0:°". & HAFMA RN
SnO, EMEMBRFE. Bt RRBERRMAENBERROLEE, @
WAEIHRR, BEABRERBIMTHELN SnO, 2 Bk EM BT Z AR
%o

B SnO, RV ZE ks B KR %, W ZnO\ MnO,. Co,03. Fe;03. TiO2.
Li,0 #1 CuO %, HENT Sn0, HEMMEMEIT S, EHLPLIFN, BRT
ZBHBBNRR, BELEBHN Sn0, EABRMEERERZEW. CuO 5 SnO,
Z B R B K, MnO, 7E SnO, HHIEBERET, XEHEELBFIX Sno,
HEEE KRN ATERRN. SHAEENSHEFRELYMLL, Sb0; T
AT A 23R 7 SnO, H MR I S e e,

X TIREBRIFIEEER SnO, BB AEME, ASCHRIMFAIERTE N
MnO;. CuO # Sb0;. BF% Sn0,-MnO,-Sb;03 +  Sn0,-CuO-Sb,03 EA K&
Sn0,-Mn0,-CuO-Sb,0; BRI R HBUF . MR U R PIBEE R Mt At R 3L
BLEE,

2.2 LWHEE"IT
2.2.1 LR

S2I6 P4 B B B A T EY SnO,. MnO,. Sb,Os RFIMA, BEIKAERXRS
K EEFET RIE 2-1, ZEFT A K Sno, R KA XRD B/ #58UE /K SEM
R4 Bl tn i 2-1 AR 2-2.
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ROGE T REF ML EMR X

& 2-1 SRFRERSH

Tab. 2-1 Relative parameters of raw materials

Purity Theoretical density

Oxide powders 3 Manufacturer
(%) (gecm™)
EEEAERNEAFE
Sn0, >99.5 7.00
R E]
MnO, >97.5 5.08 EHRMXMLTHRAA
CuO >99.0 6.32 LRI
Sb,0; >99.0 5.70 gL THRAH
s SnO, raw material
woor = PDF # 77-0452
:g 1500 |- =
% 1000 |-
500 - § :‘?I ,;qg - & ~F
0 L..,J _JJJjJ[J LT
20 40 60 80 100

2-1 SnO; J5BH) XRD Kli
Fig.2-1 XRD diagram of SnO; initial powder
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Kl 2-2 SnO, FUEHK] SEM A
Fig.2-2 SEM image of SnO; initial powder

2.2.2 RWRIT5 T 2318

K 2-3 LR T ZERERE
Fig.2-3 Process flow diagram of experiment



RO TRFF MR

F N EE I R IR SnO, H BAR B b K SRR SR e L B 4H R R 7 I
22, F#23. %24 fir.

ERTEZARMT: R HHRIEFEEREK, RNENE R
B, UTKZENBENR, KR AYER, BE 40 5, 7 100CHHT
T, M ERE, ¥R MIRIAZE 200MPa B4 %% E (CIP) F4LE 3min.
RJETE 400°C TR 1h, BREBHHZEFNY, BADHBPHEREEET
kg, REMHPARAH ., TEREBWE 2-3 FiR.

% 2-2 Sn02MnO,-Sb,03 HL I % ¥) MnO, 1 Sb,03 A A &
Tab.2-2 Compositions of MnO,, Sb,03 and SnO, powders of SnO,. MnO,-Sb,03

. Theoretical
. Composition )
Additive system Sample density
(mol %) 3
(geem™)
SM-1 99.9Sn0,-0.1MnO, 6.999
Sn0;-MnO, SM-2 99.58n0,-0.5MnO, 6.992
(SM system) SM-3 99.0Sn0,-1.0MnO, 6.985
SM-4 95.0Sn0,-5.0MnO, 6.923
SMS-1-1  99.4Sn0,-0.5Mn0,-0.1Sb,0; 6.989
Sn02-Mn02-Sb203
SMS -1-2  99.0Sn0,-0.5Mn0,-0.5Sb,0; 6.977
(SMS-1 system)
SMS -1-3  98.5Sn0,-0.5Mn0,-1.0Sb,05 6.962
SMS-2-1  98.9Sn0,-1.0Mn0,-0.1Sb,0; 6.982
SnOZ-Mn02-Sb203
SMS-2-2  98.5Sn0,-1.0Mn0,-0.5Sb,0; 6.969

(SMS-2 system)
SMS-2-3  98.0Sn0,-1.0MnQ,-1.0Sb,03 6.954
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# 2-3 Sn0,-CuO-Sb,0; KM E ) CuO 1 Sb,0; ARLE &
Tab.2-3 Compositions of CuQ, Sb,03 and SnO, powders of Sn0,-CuO-Sb,0;

electrode ceramics
. Composition Theoretical
Additive system  Sample . 3
(mol %) density(g*cm™)
SC-1 99.9Sn0,-0.1CuO 6.9996
SC-2 99.58n0,-0.5 CuO 6.998
SnO;-CuO
SC-3 99.0Sn0,-1.0 CuO 6.996
(SC system)
SC-4 98.0Sn0,-2.0 CuO 6.992
SC-5 95.0Sn0,-5.0 CuO 6.980
SCS-1-1  99.4Sn0,-0.5 CuO -0.18b,03 6.995
SCS -1-2  99.25Sn0,-0.5 CuO -0.25Sb,04 6.990
SCS-1-3  99.08Sn0,-0.5 CuQ -0.5Sb,0; 6.987
Sn02-CuO-szo3
SCS -1-4  98.758n0,-0.5 CuO -0.75Sb,0; 6.975
(SCS-1 system)
SCS-1-5  98.58n0,-0.5 CuO -1.0Sb,0; 6.968
SCS-1-6  97.55n0,.0.5 CuO -2.0Sb,03 6.938
SCS -1-7  94.558n0,.0.5 CuO -5.08b;03 6.853
SCS-2-1  98.9Sn0,-1.0 CuQ -0.18b,03 6.993
SCS-2-2  98.75Sn0;-1.0 CuO -0.25Sb,0; 6.988
SCS-2-3  98.58n0,-1.0 CuO -0.5Sb,0; 6.981
Sn0,-Cu0-Sb,0;
SCS-2-4  98.25Sn0,-1.0 CuO -0.758b,0; 6.973
(SCS-2 system)
SCS-2-5  98.0Sn05-1.0 CuO -1.0Sb,03 6.965
SCS-2-6  97.0Sn0,-1.0 CuO -2.0Sb,0; 6.936

SCS-2-7  94.0Sn0,-1.0 CuO -5.0Sb,03 6.851

20
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& 2-4 Sn0,-MnO,-CuO-Sb,0; B HI &) MnO,. CuO F Sb,0; A A&

Tab.2-4 Compositions of MnO,, CuO, Sb,03 and SnO, powders of

Sn0,-MnQ,-Cu0-8Sb,0; electrode ceramics

.. Theoretical
Additive ... .
Sample Composition (mol %) Density
system 3
(geem™)
SMCS-1-1 99.0Sn0,-0.25Mn0,-0.75CuO 6.993
SnOrMIlOz-
98.58n0,-0.25Mn0,-0.75Cu0-
Cu0-Sb,0; SMCS-1-2 6.978
0.5Sb04
(Mn: Cu=1: 3)
98.58n0,-0.25Mn0,-0.75Cu0-
SMCS-1 system SMCS-1-3 6.963
1.0Sb,05
SMCS-2-1 99.0Sn0,-0.5Mn0,-0.5Cu0 6.990
Sn0,;-MnO;-
98.55n0,-0.5Mn0,-0.5Cu0O-
CuO-Sb,05 SMCS-2-2 6.975
0.5Sb,03;
(Mn: Cu=1: 1)
98.5Sn0,-0.5Mn0,-0.5Cu0O-
SMCS-1 system SMCS-2-3 6.960
1.08b,05
SMCS-3-1 99.0Sn0,-0.75Mn0,-0.25Cu0O 6.988
Sn0,;-MnO,-Cu
98.58n0,-0.75Mn0,-0.25Cu0O-
0-Sb05 SMCS-3-2 6.972
0.5Sb,03
(Mn: Cu=3: 1)
98.58n0,-0.75Mn0,-0.25Cu0-
SMCS-1 system SMCS-3-3 6.957
1.0Sb,05

2.3 MiXF %

St e 4 A AL H UG B REAR B AT O B EHEIT LT AR 447
2.3.1 REMBREWSTESR
YA KA X-$&AT8HY (RIGAKU RAD-C) TR MIARZH K .

mRSHUE: RAX-HEATHMN (RIGAKU RAD-C) IHAREHITIBFIH

W, FHAE: 25-55° step: 0.01°,0.2°/4y; Cu¥lK, 485 (1=0.154060nm) .
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BBRRE R SATH SR R ERE, T IH SR ISn0, Mk, RIECIBIRK
ERIEs (kD , REAIAF AR THE AR & RS Hafnc™,
220 iz 2 2 _/1_ ’ 2 -
sin 0—(2a) (h* +k )+(2CJ ! (2-1)
RIMEE. FAARMEE (SEM, JSM-5600). & aHaiiE48 (FESEM,
JSM 6700F NT) F1H8F#4%F (JEOL JXA-8800R) MERAFEH BIATES.
FTEMARMT: FH X 548 {(EDX, INCA OXFORD)#HTLE M
BRE AR, HRBXEHITICERS M ERES .
FEWE: FAHKEN RN EE.

2.3.2 ¥EEEERHNE

A EE S E RSN E RS (RS Accent, HL5500PC system, 3%
) P8, eBHZRRER A AR 4 R LR P-Hall R B B R4 (BLS: KR
technique, Resitest 8200, HZA) fil&.

e BB R R S R H AKX R, HIRoME X PTEER:

J=cE (2-20)

R BGBEEN RS A B SR, JhBRREE. BARNEFELHR
MBS EES K. AEREEERLET CIEMRREERE AT =0
) MAGEEEEEMHNERN, E¥ANERNETERNEED, £
3 AR R 5 U R B R R IR BEL A (U B 5 VR h YA & 776 (Van der Pauw
Method) o XFhJ7iEfE M BAH /MOREREEAE R, FEXRFE SRR
B R EEAEE.

T4 R v R R IR A EI2-4 PR . RATER T, ERTERIEE R K
BN B R A . FETERERIOL. 2B AR En B, WR3. 4B E
B LERmBE, REE2. 3WAEREM EE, Wik, 4m 8RRk EREE,
HRE (2-2) RIGEHEHEAY, WaEZy. KpRXhdhBEREE (—H&A
REMERE) , FANKET, oNBERTE,
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p= m-d 51.,.1/23_ .F-Q (2-2)
2.2\ 1, 1,

Bl 2-4 BRI EEREE

Fig.2-4 Schematic diagram of resistivity measurement
2.3.3 FARFREMIBRMNE

FRNBERTRESTERZFHAERYNUERSE (RS Accent,
HLS5500PC system, ZEE) W& . BIRFIREFTH RME R 03510 i 2 A L
FEPL-Hall REM € RS (B!S: KF5technique, Resitest 8200, HA) HE.

AR BEAEZRRE RIES. E—MHY R, REFEERNKAhRT
AT UARGERTESFEAR. MXHEHRTHRABEF. TS
HBRFATURET (BT, /. BF (E. AETF, ZR0). BRTH
R I B S 8 Ok i T R B8,

T HSHHERREEREN, FUENMBRRFRENTEERNR
JRBELART, LB H T E RN R A g,

W 2-5, XFNRERESE, BHBRTFEENEEEN n (ERT
WD M. BMREEARN LK 2z FEM—/S B, BRI x BINERAA.
HTREEHKERN, BFEmRERRY R, BERy HRiEs, EmMEERK
—Hi A R RE RS, XLRAAMERY By AREN, W7
FL 4% 3 A S B

gqE =qvB (2-3)
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RRETR#E SR

KM v AR FREBEE, EBKWAEBREY By E5RHERREE
KR [ B R BB R R Ve IR RIT

Vy=Ey W (2-4)
W R R AR .
i (2-3) XA (2-4) XAJ75:
vV, =vWB (2-5)
B FEBEENR:

J I

y=t= (2-6)
gn (gn)(Wd)

XEB JRH x BRSO RERE, ¢ (1.602x107° C) AHEARFTHE,
d AtEdER. BT

v, =RHI% eX))

KE Ry WEREM, WTFRATNBTE, R,,=—é, R (2-7) H,
ATAEH, HITRE 7 H:

1B

n=
qd|VH|

(2-8)

R F RO Ry BN TR RGP REB R, AR
A

4=V (29
N E=Jp, BRI (2-6) 1 (2-9) RATE:

_1 (2-10)
K= /qnp
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RO TRE M 2R

B 2-5 /R0 2
Fig.2-5 Schematic diagram of Hall Effect

B 2-6 TR BN R P 7 R

Fig.2-6 Schematic diagram of Hall coefficient measurement

RIBERBH R, BT HIMEOBRTRE, LDAMEERDE Vs
PTaneas I Briniéss B. R d (A LA B BE SRR IR, PR SR
FHREA R PE AR D AT A B T IEB .

AICR AR T M ARRTRERT SR, LREWME 2-6 Fix. BTH
IR I By B A CAME, RENENRERNER d ME/RBE vy
BUAI7% i Hall R%, FA Hall RECHE HIARKNBM FIRE; dBERS Hall
RECTHEHRARKITRE, hXMTENE TR E/RTBR, LR,
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RIE T KFE LA

T N BMESE, EROERAME, P EESE, BERUENEHE BUE
/R FL IR (AR P (GE £ B FT LASHI I S A b B 5 LR B
2.3.4 sn0, ERRMEMRIRBERRMEENNE

BB 1 2 P R ORI  S T OB B i I 7 v Y, SRR
EMEFEBERT R MER. ASCRAHNEBRRMERNELREE R
EEWAE 2-7 Fiw.

* 2-5 BISR MR AT AN BEBALEA D

Tab. 2-5 Components of simple soda-lime glass used in corroding tests

Components SiO, CaO Na,O AlLO; MgO Other
Concentration
70.829 6.666 16.163 1.866 3.776 0.7
(wt %)

SnO, 1t A P AR 5 I B B VAR IS T Sz 36 v BT PR R BB 40 43 I 3R 2-5 FT7R o
R B s R o R R A A RQ-1)THE

C=(L,-L)/2 (2-11)

R RAPCHBERE, A mmb, LoFLSY A S i /s B
JERE, BAmm, b nIE]HE e R S I SRR R, Ak S (A, R
£ Hh.

2% 3C o ) B SnO, B B AR M A KR 5 0 B B R AR b o 2 T Y BV o AR
1200°C ¥ 100h. HERFE S H Smm>Smmx 1mm.
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[4[[2'9'///////;////l‘—md :
wire // >

<

soda-lime glass

SnO; based ceramics

AR
NN

gAY /Z crucible

2-7 BREH R ML 9 B A BN R A

Fig.2-7 Schematic diagram of corroding tests in simple soda-lime glass

27



KO TR AR

2 3 Z Sn0,~Mn0,~Cu0-Sb.0; Bk [EE /I &
REEZ{HIE

3.1 3|5

AEFENETE MnO, 9 SnO, EFEE & CuO K SnO, B & MIARXT 2
BE, AT T KB EANE, BE MnO, 5 Cu0 MBERMER. il
il b, JEIFSHT Sn02-MnO,-CuO-Sb,03 HLHR & AR 35 B R B AL HLEE.
KB T Sn0,-MnO,-CuO-Sb,0s FHUMKBG RN ZFRER AN E R, KERE
ML, A SnO, K IR & MU (IR T S0 AKHE .

3. 2 Sn0,~Mn0,~Sb,0, B AR A E R B E T Z 1L

3.2.1 & Mn0, BY Sn0, B BRI EE L

3.2.1.1 % Mn0, &9 Sn0, EL [ E R

B 3-1 AEARFEE R MnO, i) SnO, ZEFPERARN ZE. WTLAEH, HmE
B MnO, FJULKIE #5425 SnO, M EMBFE, XS5UMMENLER
3761, 245k B MnO, Bt, 45 SnO, MLABELEE, HAAMERIUN 65%EH,
BREERAERENAR, HHANEERATE., X5CMIRER LR B,

EBARHIREERR, 0 1100C, Sn0,-MnO, &KX ZEEFEE MnO,
MIE RS, MXEENRKEBAE 95Sn0,-5.0MnO, 8%, A% 99.7%. 7
BEMBEERET, W 1300°CLUR, Sn0-MnO, &AM % EE MnO, &
B3NS 38 I PR, 99.55n0,-0.5MnO, Mg &K 99Sn02-1MnO, M3 & A XS
BER BB KA .

SnO,-MnO, B % A AHXY %5 B Bl & 15 45 18 B A R AL UL A A F] . 29 MnO; BRI
B4 0.1%RF, iRFE SM-1 AH31 % B B & e 45 5 (M i SE T i B BRI - 7249 1430
CHIAEIRAE, 79.42%, #H—HWMBEEEE, HXEEIRTRE.

%4 MnO; & BN 0.5%E, R SM-2 7E 1100 CHRHAENT & B RAE 70%4 4,
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BEEPRLR IR, HXTEE SR M, EEMRKME (99.64%) J5ERE—A
e RE, HEFET 1400°C, HXHE R TR,

% MnO, & 8K 1%}, FE SM-3 76 1100°CH BRA R B, HxX
HEKRKEIEET] 8%t . MERLRFENIES, HANBEEATFYE, 4R
FEREIE 1450°C, HXEEEZE TRHEE..

WM MnO, 15 B3 5%, R SM-4 FIARRT 2 5 b5 e 45 I8 B
W T B, 7E 1500°C I 4% /ME 90.31%.

%8
% |
o4 |-
o2 f
a0
g 88 - —<—pure SnO,
z ol —v— SM-1
a2 f —A— SM-2
L —o— SM-3
2 nf —a— SM4
-g 76 |
o 74fF
72f
7k
68 |-
66 |
64 4

1 L 1 1
1100 1150 1200 1250 1300 1350 1400 1450 1500
Sintering temperature (°C)

P 3-1 & MnO; [¥] SnO, F e B AH T % BE B be 45 0L B 19354k i 2%
Fig. 3-1 Relative density of SnO, ceramics doped with MnO; of different
concentrations sintering at different temperatures

3.2.1.2 & Mn0. B Sn0, B G ZE 89 BN

3-2 HTE 1450°C P85 EI4L SnO, PR EME F. FTLLEH, SnO,
BRI BEKK, FEBRMRAREE, Bz A2EIRR, KEER
FLBR A AAZE SnO, Bk ] .
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R DRl R e X

Kl 3-2 4l SnO, K BB R (1450°C LR 2h)
Fig. 3-2 SEM image of pure SnO; ceramics sintering at 1450°C for 2h

P4 3-3 Jy1E 1450°C F KA AN 75 i MO, (¥ SnO, 2P 28 it 11 i B .
ALV, 7 0.1%MnO; () SM-1 FEf A RR AR, WRIAE HAEL,
TEAEH O et KRR (LI 3-3a). 390 MnO, 5B, 1 1%, X8 SM-3
(/AL AT B 3-3a KK HhZb (HLE 3-3b). it BHBKL 5 B0k 2 1) i 45 A FE K
MR R . BE— 1900 MnO,, 1 5%, SM-4 XFEM A ALEE ] B3 hn, ki
LR 2 0] 25 A AR RS T (L 3-3¢). ANEA R MnO; [ SnO, JEHE 2 1) B
A 5 T TR AR X % JSE A A H 4 R — 3
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(a) SM-1
(b) SM-3
(¢) SM-4

3-3 SM R 51l SnO, HEHI TS BRI H (HELHIRIE Jy 1450°C)
Fig. 3-3 SEM images of SnO, ceramics doped with MnO, of different concentrations
sintering at 1450°C for 2h

3-4 KRR IRTE SM-4 ¥ i BB A
Fig.3-4 SEM images of SnO, ceramics doped with 5% MnO; sintering at different
temperatures (a:1100°C, b:1300°C, ¢:1450°C, d:1500°C )
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REBETIRFHLFMRI

B 3-4 R ERE FTREBNE 5.0%Mn0; 1 SnO, EMEH AR OKNE
A, BN, SM4¥ERMERERENER, SRRTHEEK, it
EE, SEAMSILHESTE, 5 SM4 SN ZEREE AR 2T HEE
_.ﬁq

3.2.1.3 & Mn0, &Y Sn0, B E B H (LI

P EZRTUEH, MnO, 5 SnO, MIfERNLAEIS MnO, RIIREHRKKIR
Bt. 7E 1100°C LA F, MnO, KRE R N A MM ARENELY, sk (3-2), (3-3)
PrRUSI0 x e b &Y B A BIRIVTEYE, 1#78 SnO, BRLZ AR RIS
Ik, MR SnO, kM KA RIGRSE FHRABTERNEREMER. Sn0,
FEXANEE TR NAR B, XEE 1.0%Mn0; fl 5.0%MnO; i) SnO;
HFRAE 1100CHBUE ERENEESEH.

B MnO, &4 I Mn03. MnO 55 SnO; ks & A BUR R RLTE SRS 1 B 42
21, W (34, 3-5); SnO, MIENESMER NIER Sn0, ¥R, TR (3-1) 1%,
5% 75 B T K R B AR A TE A S AR A AL R S AN SnO, IR AR, 24
MnO, & BARRR, L EZFHERESEFHSHEHARRSHT & MO, K
SnO, 2 Mg B HE S AHX T B AR R LA .

2 MnO, H1& B BYRET (R 2%) ™), MnO, %} SnO, 255 & I 1AL
FIEERENMSEE T 5 Sn0, 1 Sn* R AT R S B K 2 AL {2 SnO,
e . ASCHIMIR G RV B IL L 2%E €, FAHME 3-5a K&
1%MnO; ] SM-3 RS RE MR EMBATTUEH, SM-3 HREKAFKX
B DRGSR (I 3-5b Fis). WH, MnO,%} SnO, B REKIBE
Pl EE L RENSEETFE Sn0, # Sn** &k A B R R BARS M 82 6L BTtk
&, RESALNEEHEANSENENRMEANEEEEH. HERSRE
BT, AWTHHTREUR R AR EE SnO, BRI K KM SnO, K4 B FL. IEH
Hink, A 0.1%MnO, 1 SM-1 K 5 HIXT 2 B BB B4R I 3/ 2 18 a3,
BLRFE 1200°C~1450°C ZI8)4 0.5%MnO, 1 SM-2 £ F14 1%MnO; ) SM-3 £
dn A 2 AR .

EEEEEEET (1450°CLLS), SM-2 fl SM-3 £ 5 X & B 29 81
TR, RH SnO, EHMERRK AR TEAN Sn0, EMEMESRIAT
ZAMMEE, NEAHNTESFRKROEEREENRNMEET SnO, BIALE
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HRFSE (P, ), {513 Sn0, KIAMEIE, SBRERBERN TR, MAME
BeE IR BB T, SnO, SN RN ASTT 2. SM-1 ¥ (AR X 35 REZE 1430
C LU KHRAE T M5 £t T SnO, HIm R 4 R R .

Sn0, (s) - SnO(g) +(1/2)0,(g) (3-1)

2Mn0, —¥< 3 Mn,0, +(1/2)0, T

—20C (- x)Mn,0, +2xMnO+(3/2)0, 1 A
(1-x)Mn,0, — €520 - x)MrO +(3/2)(1-x)0, T (3-3)
Mn,0; —2%2 52 Mn, + V' +30), (3-4)
MnO—2%3 Mny, +V;" + O}, (3-5)

P 3-5 SM-3 H¥ i ] SEM &

(ReS5RIE 9 1300°C, AT %A A 1200°C/1h, B b K a BATTHERIBK)
Fig.3-5 SEM images on the etching surface of SnO; ceramics doped with 1%MnO,
sintered at 1300°C for 2h
(heat etching condition: 1200°C for 1h. Fig.b shows the area of black block in Fig.a)

2 MnO, B & — S (n 5%), KA1 Mn BT 2858 B 7F
SnO, KL Z[6] (4Nl 3-6 Fr7R), X EALEENT SnO, HIBSE: TR 1ER A
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PG T 5%MnO; [f) SM-4 Ff i dit b 2 [A) X ) EDS #4558 (g 3-1)
ATUAEH, TEMLEIARFS MnSnO;. MnSnO,'"%O0NL) & 4% i —E L)
HIAN R . 7F ARl 4530 % F K13 (1) SM-4 £ 54 (1) XRD B (tniE 3-7)
FEAEE B R L Mn03 (MnO*MnO,) B8 Mn;04(2MnO*MnO,) i) 1 A7
ETHREA S, XEVENMSENAYEAS NSRS REANR Y. A& T
1200°CHf, MnO 4L RN AT SnO, BRI R T HIA D E (P, ) FRAE, Itk
T SnO, 7EAHIREMI MR, (RIERM (3-1) MART. X2
SM-4 [ AH RS % B A % 4 L FEE (v 388 n S i F e S A

) 2% e

Full Scake 1295 cts Cursor: 0000 keV ke

/] 3-6 SM-4 £ it S X Bk 7 44 5 EDS 43445 R
(a NP 3-3 8 3-4c PRAFTHERIKMBCRIE T, b4 a i) EDS E )
Fig. 3-6 Enrichment phase at grain boundary of SnO, ceramics doped with 5%MnO;
sintering at 1450°C (Fig.a shows the area of black block of Fig.3-3 or Fig.3-4c, Fig.b
is EDS result of Fig.a)

R3-1 F3-640 i kX IKMEDS /M1 45 R
Tab.3-1 Results of EDS analysis in Fig.3-6

Elements Atomic percent (at %)
Mn 46.91
Sn 2.06
(0] 51.03

£ 3-2 AEARIBGEE T IRE S 5%MnO; i) SM-4 P RS 5S &
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HARRR . 528 SnO, #E L B LW R LS B AR (a= 4.737 A, c=3.186 A, V=71.471
A ik, SM-4 BEMSESENARTER %, ERELET, &%
FEZEL Mo (0.080nm) F1 Mn* (0.066nm)772E7%). XRD B8 25 5 % B Mn?*
eV Ht R Ak Mn®*(0.066nm)EX Mn** (0.060nm), Mn** 5 Sn**(0.071nm)
RAEBRRN, P=EFSME TR BBIRKK, SM-4 £E5 BFRR R~ B
RERBEERERE—B (0E 3-4). BABREHET T HSEASEES
HSERNBERN FH SnO; MR NMER, Bl SM-4 #£ S 7ERR T Rt
FEARIRE, W 1500 CHRFAM T FERIK, N 90.3%. BIEHEEEENFAE,
& 5.0%MnO, [f] SM-4 F & I S LS 5 2 T B Hasy, W RIS RSB M T &,
&4 Mn B T7E SnO, dh# (K B v B 0, ZEA H1 BE H BV 7E SnO, Sk
i Mn B FRAEF.

(110)
(101
(200)

111)

(210)
(211)

(220)

=

E

Intensity(arb.units)

1 L) L T 1) ¥ T
25 30 35 40 45 50 5 60 65 70
2 6 (Degree)

3-7 NEGRESHRFE T IR1RFE SM-4 [f) XRD i
Fig.3-7 XRD diagrams of SnO; ceramics doped with 5%MnO, sintering at different
temperatures

2R LFTR, AL S MnO, KEERINE R 0.5~1.0%Z 7. 4 MnO; i SnO,
EMERREBFENIES MnO, NE&BEEHETVIN KB, €55 FRBR RN
TERESME 2R3 SnO, BPERIBERFN, FiEEEEIEAHTENE
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ARMUKEET Sn0, BH KSR NINE SnO, BERMBFL. B4 MnO,
IS RIKT 0.5%0, EREIESL Sn0, ERHE T REMERMNINET SnO,
RIZFAE; 2 MO, KA RN 0.5%~1%E, L MnO, RIBUAR 2 B A A4 o1
H A AR Sn0, MBUE A E;: X MnO, -5 EBT 1%, EFENEEN
SFHYEAHTE MBS RN EANBE LS E.

F 3-2 AEEE T IRE SM-4 FE A& S B & KR
Tab.3-2 Cell parameters and volumes of SnO; ceramics doped with 5.0% MnO,

sintering at different temperatures

PELERE (°C) a (A) c (A) vV (A%
1200 4.734 3.185 71.379
1350 4.737 3.186 71.489
1400 4.735 3.187 71.445
1430 4.731 3.182 71.218
1450 4.728 3.180 71.080
1470 4.733 3.187 71.387
1500 4716 3.175 70.632

3. 2.2 Sn0,~Mn0,~Sb.0, BRI EM R BIBUE L

3.2.2.1 SnOrMnOZ-szOs Eﬁmﬂﬁlﬁﬁﬂm*ﬁiﬂ'%’g

W 3.2.1 WL R, MnO, FIEERMEERN 0.5~1.0%, Frbld3C
Sn0,-MnO,-Sb,03 HLAR B & ] MnO, RIS BHIE R 0.5%F1 1.0%.
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100
o8 | 3 :: : : :
96 |-
— 94 B
X
> 2} —&—8M-2
s L ——SMs-1-1| |
§ T —A—-SMS-1-2{ T
2 0 —w— SMS -1-3
z
& 68 |- ‘//—‘\‘___‘”_’_‘//A
66 L r/—'—‘v._*/
64 |- 1 1 1 1
1300 1350 1400 1450 1500

Sintering temperature (°C)

% 3-8 SMS-1 %% SnO, 2B AR Mg B4 KL A X 25 FE
Fig.3-8 Relative density of SnO, electrode ceramics doped with 0.5% MnO, and

Sb,0; of different concentrations sintering at different temperatures

100
g— ¥ V——¢
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$

% —m— SMS-2-1

K | —@— SMS-2-2

—A— SMS-2-3

—v— SM-3

L 1 1 1
1350 1400 1450 1500

Sintering temperature (°C)

& 3-9 SMS-2 R 51| SnO, 2 Hi 1R M & A X % FE
Fig.3-9 Relative density of SnO, electrode ceramics with 1% MnO, and Sb,0; of
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different concentrations sintering at different temperatures
& 3-8 BRAIE MnO, KIS RN 0.5%, Sh,O;KIEER 0. 0.1%. 0.5%.

1%0f] SnO, ZE B AR Ma e M AN B . WEFATLUIEH, Sn02-MnO,-Sb,05 B
WF SRR FE RS Sb,0; NS BN, 25 Sh,Os KEER 0.1%
B, BREE SMS-1-1 BN B EHE 95% U L, BERGEFNERS, BRI
FEBUAK, BEE TR, #— P Sh,0; R, W 0.5%H 1%,
B SMS-1-2 Fl SMS-1-3 B X LU BUE, HWAREE 70%. MERESEER
FE, RERMENEER B, 24 MO, IS BN 0.5%, Sb0; KIBUEEE
FIBRBEEFER, AKF 0.1%.

& 3-9 BRHE MnO, KIS EH 1.0%, ShOs FIEEN 0. 0.1%. 0.5%. 1%
5 SnO,-MnO,-Sb,0; HLIRFGEAHE M MAHXTFE . ATLIEH, SnO,-MnO2-Sby03
BRSNS R E Sb0; S ENFAFEMMAEMK. 3 Sho; EERAMT 0.5%
i, B SM-2. SMS-2-1. SMS-2-2 [IAHXT 25 EEHTAT LLIA S| 95%LL E. Sby0s
BME 1.0%HE, SMS-2-3 FEMMELABETT, MXTRELE 76%LL T .

Sn0,-MnO,-Sb,0; HLHR M B AH % 25 B B e 5 IR B AR (L AR A A R . B¢
HE Sb,0; BF, 1 0.1%, FE& SMS-2-1 KX FES SM-3 FIZRLHRAELL,
BEA RS THETIRRG. 2 Sb,0; KA BN 0.5%, #Edh SMS-2-2 HIARN#
B MR, S8 ShO0s AR, 1%, F& SMS-2-3 ARR % E
ERE#a.

3-8 5& 3-9 {155 45 R T B Sb,0; FLFS MnO,-Sb,0;-Sn0; FIK %

RIBEAL, X5 3CRRIBGE R Sb,0s AFIT SnO, R R I B L BEL S RAE—
ﬁz[107,108]°

3.2.2.2 Sn0;~Mn0,~Sb,0, mwmﬁm:ﬁﬁ%*ﬂ

B 3-10 H7E 1400°CHRIE 2h FKBH MnO, FIEEHN 1%, Sb,0; EEA
0.1%, 0.5%, 1% Sn0,-MnO,-Sb,0; M &M ZMM . FTLUEH, BEE Sh0,
BTN, SnO, M SRR T EHTRD . 2 Sh,03 A ER 0.1%, SMS-2-1 #
RBAATE. 4 Sh0s MIEERN 0.5%, SMS-2-2 HREBAEF, SAHEM
. 24 Sb,0; FIE B R 1.0%K, SMS-2-3 #R KGNSS, XK. 54 $n0,
MELBENARKRE, SMS-2-3 RKBRREFELE, BESHR.

2z FRTR, AR, X THRIE Sn0-MnO,-Sb,0; HEIRMEERE & M FH
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B, 3 MnO; (A& 1%, SboOs HBLE ALIZ HI& BAHIL 0.5%.

1

a: SMS-2-1
b: SMS-2-2
c: SMS-2-3

P 3-10 SMS-2 R3] SnO, F& I LI i (e&5iRE 1400C)
Fig. 3-10 SEM images of SnO, ceramics doped with 1%MnO, and Sb,0; of different
concentrations sintering at 1400°C for 2h
(a: 0.1%Sb,03; b: 0.5%Sb,03; c: 1%Sby03)
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3.2.2.3 Sn0,~Mn0,~Sb.0, BEARFG E MR LB E (LALE

g . T &
< < 8 @ . 8 ]
[ N ~
= N 1500°C
n SMS-2-2 samples
T 1450°C \ f
3 —
£
s
= 1420°C
a \ J\,\ -
K}
£

L__JA A 1400°C
JLr___JL )\_A ) 1350°C

T v 7 T LA
25 35 40 45 50 55

2 6 (Degree)

B 3-11 SMS-2-2 #¥4 (¥ XRD i
Fig. 3-11 XRD diagrams of SnO; ceramics doped with 1.0% MnO; and 0.5% Sb,0;
sintering at different temperatures

R 3-3 NERGERE T K SMS-2-2 F &R S HUR AR
Tab.3-3 Cell parameters and volumes of SnO, ceramics doped with 1%MnO; and

0.5%Sb,0; sintering at different temperatures

BERE (C) a (A) c (A) vV (AY)
1350 4.729 3.182 71.153
1400 4.734 3.182 71.313
1420 4.733 3.182 71.313
1470 4.737 3.189 71.558
1500 4.733 3.182 71.275
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P 3-12 SMS-2-1 FEfh T4 (BREEIRE R 1470°C)
Fig. 3-12 Area distributions of Sn and Mn of SnO; ceramics doped with 1% MnO,
and 0.1%Sb,0; sintering at 1470°C for 2h

NONE SEI 200kV  X10,000 Tm WD 14.7mm

Pl 3-13 SMS-2-2 FEAL AR A (Begiii /i 1400°C )
Fig.3-13 Grain boundary phase of SnO, ceramics doped with 1.0% MnO, and
0.5mol% Sb,0; sintering at 1400°C for 2h

B 3-11 AR R EEAF 2195 1%MnO, Fl 0.5%Sb,05 ] SMS-2-2 £ i (1
XRD B i%, WLEH SMS-2-2 FEMM EZEYMA SnO, WA . M
Sn0,-Mn0,-Sb,0; £ fh S M S 4 (3 3-3) ATLAFE HH SMS-2-2 FEdh K & S8
RAEZA. R F5 SnO, Ak A A B RN .

TCE /AT 45 (B 3-12 JT7R) & ] SMS-2-1 FE kI 7E SnO, BTk 2 A1 fF1F
H Mn #l. SMS-2-2 HEEMBMEH (I 3-13) MAGESR (K 3-4) RYUE
AR AT T2 1.0%MnO, F1 0.5%Sb,0; (] SMS-2-2 fdk X dhla) 5 HEAH
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4 Sb o E.

7 3-4 SMS-2-2 54 & AR K EDS TR (W 3-13 #7 k4L
Tab.3-4 Composition of elements at grain boundary of SnO, ceramics doped with

1.0% MnO, and 0.5% Sb,0j sintering at 1400°C for 2h (shown in Fig.3-13)

Elements Composition (at%)
O 71.97
Mn 442
Sn 23.61

BT P4 BB HTIAA » Sn0,-MnO,-Sh,0; ERFE R BUF LT R EE U
FTEHERHUESERERBSER: —& MnO, %t SnO, BUEK{ZEIER . MnO,
EETREERNENSEREY, Mo®. M ERZEBAIAR sn*, B
RSB ZE R 3WE) SnO, HI5ME, (B3 SnO, MIBEHT, HIKRE Mn R5H4HE
5] SnO, HIZHAERAZHE SnO, EHL. =& Sb0; HAER SbOs (FILAE B
Sb,038b,05), I (3-6), Sb™{ER ML LB SnO, FK Sn**, R (3-7),
BEAS SnO, BRI L& 5K K, RFITF Sn0; HBEHLI1®,

M Sb,0s (5 & 0.1%Kf, SMS-1-1 1 SMS-2-1 REMBF N FEHE—F
PlsiskEss], B FHLEIXT SnO, HM RSB E NN EMR/D . ERRKIFS
BEAET, SMS-1-1 fil SMS-2-1 REAFAAREMMHNFE. MERESERKR
B, SMS-1-1 F1 SMS-2-1 RFERIAHX ZE 5 KBS Sb0; 1) SM-2, SM-3 ikt
X AR ML, 2T RERES.

Y Sb,0; KA B A 0.5%, SMS-2-2 RAEHI B0 B X B AP HLEHIFE RIS
TERMRIEE T, SMS-2-2 REEHXNZEREIERET Sb™ 5 Sn0, Mt R AR
R ] SnO, BME B . £E 1500°CHF, SMS-2-2 IAFEAIRT % B 1 T BT
Be T SnO, HIAMEMBIFTIE R . X Sh0; KIS EMKEHME] 1%, SH™H
Mn*' 5 Sn* IBUR RN & £ 4 A L5 1), 3 MnO, %} SnO, FIBUE 1R KIR
WSS, SnO, M E SR EEME MRS . MERSREENAR, B
—FHLEI BV R SRR AR &, FTLL SMS-1-2. SMS-1-3 BLK& SMS-2-3 AL HIAH
SMEFEEREREI & EARES.
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85,0, +1/20, —*C 5 5b,0,(Sh, 0, ¢ Sb,0;) (3-6)
8b,05—%2528b;, +2¢ +40;, +1/20, (3-7)

3.3 Sn02"Cu0—Sb203 EE.*&B%%E@*%%&%‘WK

3.3.1 & Cul BY S0, KR EAVRE T 1k

3.3.1.1 & Cul By Sn0, X B Z &
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B 3-14 SC R FUFE it i AH S 25 B B 12 G5 1R B 28 1k B 4%
Fig. 3-14 Relative density of SnO; ceramics doped with CuO of different

concentrations sintering at different temperatures

Bl 3-14 BRI ERFEFLRE TIREH Cu0 58X 0.1%, 0.5%, 1%, 2%,
5%H) SnO, M RN % E. TTLIEH, BEH CuO S RBAIYM, SnO, L
MRS EE L NERE, 548 MO, 1 SnO, lEERBEREEE FENR
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MR . B2 CuO MIE RN 0.5%I, SC-2 Ff & A X % Bk B4R
H, N 97.79%(BRL5H % H 1400°C).

Sn0,-CuO F¥: i (KIS 275 FE B A7 458 45 T (R 2R AL AR AN A ] . 24 CuO 5
A 0.1%IF, SC-1 Fffh A X2 L BB 45 R RL (B 2 THEEH. 2 CuO M8
A 0.5~1%Hf, SC-2. SC-3 # i AR % A Pe iR AL . 24 CuO
& T 1.0%5, K 2%8% 5%, SC-4 1 SC-5 £f 5 (AR % R blibe 45 i B T
e, B CuO FRMNIIN, XFTREEF MY 5.

3.3.1.2 & Cu0 &Y Sn0, B BRI BRI

F 3-15 CS F 51| SnO, P & i) 35 45 # (B iR 0 1450°C)
Fig. 3-15 SEM images of SnO, ceramics doped with CuO of different concentrations
sintering at 1450°C for 2h (a: 0.1%Cu0, b: 0.5%Cu0, c: 5%Cu0)

B 3-15 JiRS5IRAE A 1450°C, B7A[F & & CuO ) SnO, 2P 7 B 145
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o MNEITRATLLE ) B CuO & EAIGIN, SnO, BEMI 2 M FL kb B4 m,
SnO, BV R38N 5 # AT CuO & B AL iR — 3.

Kl 3-16 ARSI E T4 0.5%CuO ) SC-2 #¢ i B F . W LLE
MRS ERIBR ®, SC-2 FESMK SR RSF AR K, ALK RE R
. X 55 SC-2 FE A i HXE 55 15 B8 445 U P A8 A AR — B

Bl 3-16 ANRIBELIREE T SC-2 Ff &b ¥ B A
Fig. 3-16 SEM images of SnO, ceramics doped with 0.5%CuO sintering at different
temperatures (a: 1350°C, b:1400C, ¢:1450°C, d:15007C)

MELEZERATUUE Y, CuO HIBUH R RIRME R 0.5~1%, X 3CkkiftiE
9 CuO MIREB IR (0.5~0.75wWt%, Bl 1~1.5mol%) “UEi¥F%.
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3.3.1.3 & Cul B Sn0, B EMBE L 1B

&R FEG TR K SnO, 2 M AR AR 25 BE AR AL AR T LU BR 1%
MFABFELHEL . & CuO K SC RIS S MnO, 5 SM RFIH MATE 1100C
TR % R ER IR S B UERE, #ETHERRKBE LI,

B 3-17 AEAFRREEE FTIRB A 5%CuO ¥ SC-5 # M I XRD Eik. #]
PAE B, SC-5 ¥ &A= AH, Bl SnO, P54, CuO HAHHF CusOs U757 AH (7]
BAFE B 2Cu0+Cu;0) » 8 CuO 5 SnO, EEBMHEY . CuO HEFHRITEF
ORI CusOP Y Y kb AL B . BLARHS Cu0 HRIE T X8
CuO™!, {BHTF Cu0 A ABIE (21 1235C) , FEMAES CuO i SnO, ZMFE
MigegE it Ed, B Cu i—HUBHERFE.

& 3-18 24 1300°C FEREHIE 1%CuO ) SC-3 FERZ 1200°CHJE 1l 1h 5
SEM E k. ATLLEH, SnO, BUbLZ K& FHEAEmE, #—PIFELTH
CuO 1] SnO, F:F & 1 & A R A

T __ mCcw
T = S e CU‘O:‘E —~
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B 3-17 ARIFEE5R E T IRB 1 SC-5 #£4 Y XRD B

Fig.3-17 XRD diagrams of SnO; ceramics doped with 5%CuO sintering at

different temperatures
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K 3-18 SC-3 #£4hff) SEM /- (1200°C/1h $yji i)
Fig.3-18 SEM image on the polished surface of SnO, ceramics doped with 1.0%
CuO sintering 1300°C for 2h (heat etching condiction:1200°C for 1h)

M 0.5%Cu0 (1) SC-2 FE A BEEM (i 3-16 M RAFTHEFTR) AL
A, WUFE SC-2 1 S DOIRAF R 28 4. B 3-19 B/RMIETE 1300°C F 4 5%CuO
() SC-5 F£ i) EDS JCHE T4 R, RV Cu TR LB AR, FAXKEM
B Cu A4 SnO,-CuO B & B (K 3 A 72 200«

% 3-2 BRHIR—RAFIBEGERE T A 5%CuO ) SC-5 K fh it S S oA,
WLAEH, SC-5 MRS HLbal Sn0, FEAL/DN, WHIER4E TR Cu?

(0.054nm) 5 SnO, &b Sn** RAERMRRN (0.071nm) BT, SC-5 K
a2 HBEAT Be s il BERE I 2 THE AR W LE SnO, kPG Cu &5 778 M4
BEEPRERE, XEHT Cu BT AREEEAN SnO, M RALHN RN . X
WHHI T SnO,-CuO FIEREM P Cu BT FEHALE SnO, FkL 2 ) i X 45K
H1 T SnO, JEF B2 (1 Sk KK 5 A9 HCa DA 200140, 5 0.5%CuO ) SC-2
B )RR TR AT B4R ATk (A 3-16 FiR) WTUAE 4 Cu 7T
> TERR I E Cu AL & S5 B SnO, KL PG % 18 45 B 16190,

= CuO A 0.5~1%HT, SnO, (173 [ 3 52 58 T+ 8 Cu A A 2 W AR /1,
FEREZPGRBERIEW. 2 CuO IEERINE 2%F1 5%, 57 =R S
FUR N FE SnO, SRR E 2 EREK, S3 SnO, MR SINE, LR EE
SC-5 RIAHXT 2 B e 40 B (1 7/ 2 T R fadh.
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K 3-19 SC-5 £ i EDS 2047 (AJE 474 1200°C/30min)
Fig.3-19 Area distribution of elements of SnO; ceramics doped with 5.0% CuO
sintering at 1300°C for 2h(heat etching condition: 1200°C for 1h)

2 3-5 SC-5 FEFh IO AN A1 BE 1) it I 2 00 i B A4
Tab.3-5 Cell parameters and volumes of SnO; ceramics doped with 5.0% CuO

sintering at different temperatures

Begig ('C) a (A) c (A) vV (AY)
1350 4.723 3.176 70.841
1400 4723 3.177 70.890
1450 4.732 3.184 71.300
1500 4.736 3.185 71.433

g EPNR, % CuO 1 SnO, IR HIBE WA 5L F=AHlHE X, — £
5 Cu M1 SnO, b KR T AIY HUZBE T SnO, HEP &I P48 b, — R
AR BANE] T SnO, MK BUEN: =& SnO, Mm%, % CuO
MERIET 0.5%, 7 CuO (1) SnO, HM &L SnO, 738 Nk &, BRI 0] (1) &
Cu AR G Y SR AR A % B 4R 78 . 24 CuO I3 B AE 0.5%~ 1% 11, & CuO
f¥) SnO, ZEFF & LLE Cu A7 SnO, BikLR Y HURUERE S BUE R, S F XK
()& H A A3 EUR S SnO, M4 BUE W VE R IFA I 2. ME—25 188 CuO [
&R, & CuO [ SnO, 2P B IR 2k B A 2 s 7 7 B AR A0 43 S80S D&Y SnO,
G I S I P B (e 4 U AR Cu 7 SnO, BURLER I A9 B2 2 SnO, FBEERY
peds LR fE R EE R
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3. 3.2 Sn0,~Cu0-Sb,0, IR A Z IR LR F L
3.3.2.1 Sn0,~Cu0-Sb,0, B4R ZE BB 3 55 /&

RAE 3.3.1 WHLGRERTA, CuO MBFEEHINTRMTEE S 0.5~1.0%, Fril
Sn02-CuO-Sb,0; HRME ) CuO KIZRINE BHIE N 0.5%F 1.0%.
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B 3-20 SCS-1 ZR 5l (1 AR 4 88 B e 445 VLB 19 A A i 2%
Fig.3-20 Relative density of SnO; ceramics doped with 0.5% CuO and Sb,0s of

different concentrations sintering at different temperatures

3-20 BRI RERFERSEERE TR CuO F8H 0.5%, Sh,0; HEE
AR 0, 0.1%, 0.25%, 0.5%, 0.75%, 1%, 2%, 5%f SCS-1 ZFIFE G EIAH
SERE. NEPATLUEH, KET, 01100°C, SCS-1 RFIHE K% ERE
% Sh,O; SEREME THEE. EEFEARERET, SCS-1 RIS KM
FEREE SbyOs & BIGMAMRE, BEFE, FRE. BlIlREEER 1300CH,
KRB 7% Sby0; i1 SC-2 B HHXT B R 97.75%, B 0.1%Sb05 [ SCS-1-1 #£ 5
RIARXTE RERE R 95.68%, & 0.25%Sb,0; M) SCS-1-2 £ 5 MARRT % ¥ n &
97.91%, #E—HIEIN SbOs W& R, MERERIAHXT % B XA TR, 24 Sb0;
MERET CuO MEE, W 0.75%, 1%, 2%, S5%KF, 5 EAEX 3 BERAE.
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BRI B Sb,03 X Sn0,-CuO- Sb,0; R E N FELEH .

Sby0; I BAFR, SCS-1 RFIEERKARN % E & F 4 B E 2R RN
WA . % Sb,0; BB R 0.1%HF, SCS-1-1 £ 5 KA T BEE L4 B E
ARA, % Sb0; IEEN 0.25%0, SCS-1-2 HRMEERSGRENT &,
A R R, HRAEHBAE 1300°C, EF) 97.90%, 5 SC-2 M HIAHR
WY, H—PRINREERE, HNTEEEZBTEER. LShO0:HEEHN
0.5%Kf, SCS-1-3 BEMZE 1100°C F AN Z ERIK, X 81.23%, HRLGHEKED
B, ANFESEMMN. 1200CLHUE, HMEBEERE 9%6%Lh, H—THEM
IREEIE, HNBEEARTL. 2 S0, KEENFIN 0.75%, 1%, 2%, 5%
if, SCS-1-4. SCS-1-5. SCS-1-6. SCS-1-7 H 5 MU % B b & e 441 A S5 18
miE, B BHIMEERE, HNEEERNELL.

—&—SC-3
—@- 5CS-2-1
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—4—5CS-24
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3
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3-21 SCS-2 5 I AE X % FERERR SR B MR AL Hh 2%
Fig.3-21 Relative density of SnO, ceramics doped with 1.0%CuO and Sb,O3 of

different concentrations sintering at different temperatures

B 321 BRMRERREEEE T IREK Cu0 FEH 1%, Sh,0; NEES
2% 0, 0.1%, 0.25%, 0.5%, 0.75%, 1%, 2%, 5%¥] SCS-2 FRFIHE A%
HHE., NEFTTLIE L, SCS-2 RFIFEME SCS-1 RFUFE S MR % R Sb,0,
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BERNZRUHEMM. 7 1100°CH, SCS-2 BRI DN FEHE Sh,0; NS E
BN T B, ME4EE AT 1100°CR, SCS-2 RFURE MY % EE Sb,0;
II& BT, B T, BRI, 24 Sb03 AIE EAT CuO I, SnO,-Cu0-Sb,0;
AR B MM LA B, W SCS-2-6, SCS-2-7,

ARER Sb,0; ) SCS-2 RIIFEFHRMH AR MZEUME. HBOE b0,
MMA R Sn0,-CuO-Sb,0; HIIKBGERE MM HEE T, 4 Sh,0; HEE
0.1%H, SCS-2-1 FERMINFEEMERERENAREATRE, EEBRK
RIEE, M 95.25%F%F] 94.51%. % SbO; MIEEH 0.25%HHF, SCS-2-2 B
X TR EREREN AR, 76 1300°CiRBIM AL 97.22%, #H—HF
FIREEIRE, MNEEEARE, YREBER 1470°CH, X% ERIKE
96.12%. % Sb,O; FIEEN 0, 5%, 0.75%, 1%, SnO,-CuO-Sb,0; HEALRFMIE
B it B AR X 2 B R G5 R B I T 70 S BRI A JE BRI < 24 Sb0s A B4 2%,
5%Hf, Sn0,-CuO-Sb,0; LR EEHE B HE AR S B0, X EEREREREN
TR, d—PARRERE, HNEEREARE,

3.3.2.2 Sn0,~Cu0-Sb,0, BB FE B B kL

B 3-22 HIRERE N 1420°CH, CuO MIEEH 0.5%, Sh,OsIEES N
0.1%, 0.5%, 1% HJ SCS-1 RFULERMBMEH . TTLLEH, SCS-1 RFIREMHM
BMEHINEE Sb,0s MEBRAEBRBIKKE.

3 Sb,0; & BH 0.1%HF, SCS-1-1 HERMBRESES, 5 SC2 M
EMEHMELE (WA 3-15b), SFR-TRHHZSE, MERIEMT T2
NFL. X5 SCS-1-1 FERIIARM BB T SC-2 B IE R —B (WE 3-20).
2 ShO; KIS BIGME 0.5%0F, SCS-1-3 FERBAEE, BAEEEE, MR
I BN, SAEBEM T Sn0, Bk 6], #—HH10 Sb,05 (4B H 1%
i, SCS-1-5 #MIEMAEL BRKER, RESILKAE, BRARE.
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b: SCS-1-3
c: SCS-1-5

[l 3-22 SCS-1 & 41| SnO, Ff:- i) BIALH (BELEHRE 1420°C)
Fig.3-22 SEM images of SnO, ceramics doped with 0.5% CuO and Sb,0; of different
concentrations sintering at 1420°C for 2h
(a: 0.1%Sb,03,b: 0.5%Sb,03,¢: 1%Sb,03)

g FPTE, 4 0.5%CuO ] SCS-1 ZFUEE 1) Sb,05 H30% BEFE HIVR A
HETF 0.5%. & 1%CuO H SCS-2 ZRFIFESTHHI SbyOs HIEIU BE 25 Hll Vs it AN E
A F 1%.

3.3.2.3 Sn0,~Cu0-Sb,0, iR FHE AR Z LA IR

54 0.5%Cu0 ) SC-2 B B AL (i 3-15), 7% 0.1%Sb05
JG, SCS-1-1 B R bR R R H B, RERRARFERREZ NS
7L, i 3-22a Frs. XHEBME Sb0; B44 R M SnO,-CuO-Sb,0; H i i
sk, REMAET KR, 4REH SCS-1-1 F i CuO 2t SnO,
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HP R B S HAL.

HE— N Sb,05 (1 E &, £ 0.5%Cu0 F10.5%Sb,0; I SCS-1-3 # i (1 SnO,
BORIAE /N, AALEBAMTE SnO, UKL IR, 40P 3-22b FR. BUIE Cu
ISP B SnO, IRELEBEIL S SO HE SO, FfAL i 8 ¥ i N A4 kit
KKTE SCS-1-3 FEan bR gt IR R R VEA .

B 3-23 Jpe b N 1470°C, 5 0.5%CuO F1 0.5%Sb,0; ) SCS-1-3 F it (1)
DA . 57 1420 CH3R1FH9 SCS-1-3 ¥k (T 3-23b) LbE, wTLAFEH,
HPELEIRIE S 1470°C, SCS-1-3 FEM I RS AEA], IXRH T Sby0; 7E SnO,
PRI SRR . ShyOs fEFR T Gt 1426 CHEA) %R FE Sb &
WA, & Cu A 5 T B E R 3 X 5K SO, KL SR, S B K 35 SnO,
AR K K. XRWE Cu MHBRE D, RERFET Sn0, dkiz [[HX
.

3-23 SCS-1-3 BT O BT (RESERIE 1470°C)
Fig.3-23 Microstructure of SnO, ceramics doped with 0.5% CuO and 0.5% Sb,0;
sintering at 1470°C for 2h

54 1%MnO, 1 1%Sb,0; ] SMS-2-3 B % LL K& 4lift) SnO, M % i) B4k #y
HIEL, & 0.5%CuO Fl 1%Sb,0; Y] SCS-1-5 sk R K4AR . B SnO, fhkiTE
FEE LA K, SRR KR T R A K [ A B AR LA,
— R B R AR A K A AR M &), SCS-1-5 ML EKFRE
B Sn0,-CuO-Sb,05 P B (BR8] AT AEAELE WA . isioR, Sb,05 A TS
fEBH > Sn0,-CuO-Sh,0; BIEE M A E Cu BAHM AR, MRAHT Sh0; ER
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RAIEE T HE R Sb0s, 5 SnO, AR R (W 3-7), #1%) SnO, F kL)
KK, BERTHRDSSBRASENEM, BD T BALER &R L ABUER
H8', 13 SnO, &M ABE, XA fER SCS-1-4, SCS-1-5. SCS-1-6. SCS-1-7
PLR SCS-2-6. SCS-2-7 #E G UM F K X Bk,

2 S 8. _  sno,
= c T °
JL J,k T & q70%C
—~ 1420°C
(]
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Bl 3-24 ARIBEERET SCS-2-5 # @M K XRD K%
Fig.3-24 XRD diagrams of SnO, ceramics doped with 1.0% CuO and 1% Sb,0;

sintering at different temperatures

B 3-24 AR ERE TS 1%Cu0 Fil 1%Sb,0; ) SCS-2-5 P XRD B
i, SCS-2-5 HERBMEEYH A Sn0, W HH. £ 3-6 B/RIE SCS-2-5 #ahH)
RSB R AN ESR. ATUEN, SCS-2-5 GRS HEMELEENAR
S nfER/N 3 Sb BT 5 Sn0, RAERFBE KN, Sb & FARE T FERMN
A FEREHIEERET, Sb™ (0.0620m) 5 SnO; A Sn** R AR
RN. BERERENFRE, S (0.076nm) KIEEEE, Sb*'5 Sn0, B#sF
i Sn** R AEBUR R NAEE SIS HE K. 7 1400°CF SCS-2-5 #¥ 5 i & A7
HEIL 4 SnO, AR (a= 4.737A, c=3.186A, V= 71471A%) . #—SFFERE
SR, FRSHIMEE BT E85 Sh0; FEHR FERERMIT.
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%% 3-6 SCS-2-5 HEM N RS 55 AR
Tab.3-6 Cell parameter and volume of SnO; ceramics doped with 1.0% CuO and 1%
Sb,0; sintering at different temperatures (shown in Fig.3-24)

BB (°C) a (A) ¢ (A) vV (A®)
1300 4.721 3.187 71.038
1350 4.722 3.186 71.049
1400 4.737 3.189 71.558
1420 4.735 3.187 71.468
1470 4.731 3.182 71.214

ETHRERMIAHIAA, Sn0,-CuO-Sb,0; BARMEMBME N FIERLUT
PMANFEFIEERERNE R, —RE Cu BN SR BUR# SnO, EMEEM
FedstitE, —JR Sb B F7E SnO, dik H AVERR N SnO, 2P % i e s 3w
. 2 ShO; KD BEBIET, W0.1%Sb,03, Sn0,-CuO-Sb,03 BAR PG I B L
DA —FHLEIRE R £ S0 H— 5 Sh,o; &8, ARSI Cuo i
HER, Sn0,-CuO-Sby0s LRI & B b2 55— FHL I A 58 — FhHL I 3L R
YERIBIZR: 2 Sb,0; A BBt CuO i, Sn0,-CuO-Sby0s B FE &I B 1k
PLZE e E.

3. 4 Sn0,~Mn0,—Cu0-Sb.0; FEIR I E BB Z 1L

3. 4.1 Sn0,~Mn0,~Cu0-Sb,0, FE A% B& 3= ¥E 3 55 &

E§t

3-25 BRBIREKIBF Sb,05, &AM Mn/Cu HE 1 SnO,-MnO,-CuO F&
RN ERE . 2RB2 Sb,0;5 Bf, Sn0,-Mn0,.CuO M Bk & i A 3 35 i bl 1 45
BEMNREMEAR, MERRRERET, #RHNHENFEEREERE (FF 96%
PAE), #—BARREEE, HANANEETETRE. £ 1500CH, &
1%MnO; ) SM-3 B &R MM FEER K, X 96.75%. & 1%CuO i SC-3 M
BERMESEERAD, U 9224%. % Mn/Cu=3:1, 1:1 # 1.3 K,
Sn0,.MnO,-CuO Fg & MIAHXS % BELE R & Z 7] . 7] LAE i, MnO, KA 3R B SnO,-
MnO,-CuO MR S 7E MR T IS 4545 Tk
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Fig.3-25 Relative density of SnO; ceramics doped with MnO; and CuO of different

Mn/Cu ratio sintering at different temperatures

3-26 BRIR SbOs KIEER 0.5%, &RFE Mn/Cu (K SnO,-MnO,-
CuO-Sb,0; BIEFIEMAN EE. ATUEE, FHRABEERET, Sn0,-MnO,-
Cu0-0.58b,0; B R M & HIARST B B E 95% U E. & Mn/Cu HAFRK,
Sn0,-MnO,-Cu0-0.58b,05 ARG ZEA¥ & O AH % 25 B B B 45 L B R R AL R AN A
. 24KEM MnO, B, 7 1%CuO il 0.5%Sb05 i1 SCS-2-3 #£ 5 i) % FERE
FE R AT T M. SCS-2-3 FEMIBARHERR TR, ERHETR
%, HAHXM B 1300C T AR AME, 96.92%, 7E 1470°C T HK/ME, 95.24%.
R CuO B, & 1%MnO, 1 0.5%Sb,0; i SMS-2-2 # 5 [ AH X % FE K& 42
RN E AT EIRE T M. SMS-2-2 BERKREREERBTRE, £R
BTFBIF. HAMXBRELRE 1300C T ARME, 94.94%, 7€ 1470CF AR KA,
96.95%. 24 CuO HIE &K 0.25%, B Mn:Cu=3:1 B}, SMCS-3-2 Ff A ARXT
RS BB E TR EARE, R 97%EH - 24 CuO FIEERN 0.5%, B Mn:Cu
=1:1 B, SMCS-2-2 ¥ X 2 BB B 45 B ARS8 T R ERMEH R
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96.63%. =4 CuO IEEN 0.75%, B Mn:Cu=1:3 i}, SMCS-1-2 [IAHX} % B b
EREREHTFEET B, F 1300CTFTHRKAME, 97%, 7E 1500C F hik
ME, 94.85%. LA EZRRH, X Sh0; & EN 0.5%K, FIHB MnO, I
CuO K SnO, # AR MY & i B A B MR B MmN P s i .
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Fig.3-26 Relative density of SnO, ceramics doped with MnO, and CuO of different
Mn/Cu ratio and 0.5% Sb,Oj sintering at different temperatures
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57



R TR 22 AR

FEMmBE R4 BUE .
98 - A
ol
wl
92
[ &—
s —m— SMS-2-3
% 88 —e— SMCS-3-3(Mn:Cu=3:1)
G 8 —@— SMCS-2-3(Mn:Cu=1:1)
gl —v— SMCS-1-3(Mn:Cu=1:3)
e sf —A—SCS-2-5
® sof
[T}
@ 78}
76 |
74 L ./’M/'/4
721
70 ot L 1 1

1300 1350 1400 1450 1500
Sintering temperature(°C)

A 3-27 Sn0,-MnO,-CuO-Sb,03 HRF EHIAXT HEE (SbOs KIFE A 1%)
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3. 4. 2 Sn0,~Mn0,~Cu0-Sb.0; B 1R} B 1Y B 15+

K 3-28 & Sb,0; K& EH 1.0%, & E Mn/Cu ) Sn02-Mn0,.Cu0-Sb,0;
MM EN SHE . NERRTLLEH, X4 Mn: Cu=1: 3 &, & 0.25%MnO,.
0.75%CuO F1 1%Sb,0; ff] SMCS-1-3 H S SabL AL, BAEHFE, 58 1%CuO M
1%Sb,0; i) SCS-2-5 FEFH I B (B 3-10b) #ifl. X Mn: Cu=1: 1,
% 0.5%Mn0;. 0.5%CuO F 1%Sby0; ) SMCS-2-3 HM MM RTEKR, BH
FEH. SMCS-1-3 BB AH BT FBE. 24 Mn: Cu=3: 1 i, & 0.75%MnO,. 0.25%Cu0
1 1%8Sb,0; i) SMCS-3-3 MM RESAEL . K. SMCS-3-3 H I RS
a5 SMS-2-3 ) Bi45H (B 3-10c) Ll
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a: SMCS-1-3
b: SMCS-2-3
c: SMCS-3-3

3-28 Sn0,-MnO,-CuO-Sb, 0 HiL PG % 5 1 45 4
Fig.3-28 SEM images of Sn0,.MnO,-CuO-Sb,0; ceramics doped with MnO, and
CuO of different Mn/Cu ratio and 1%Sb, 03 sintering at 1400°C for 2h
(a: Mn/Cu=1: 3, b: Mn/Cu=1: 1, ¢: Mn/Cu=3: 1)

X ETH S RIS AN, MnO, BN A4S T5 Sn0, KA R
TEE AR SnO, IR P LEBUEILE, A Sb05 &, Sb™ %} SnO, I
TR ERER, 5 Mn B FRRINZ EREREGEERBE, B
PA SbyO3 A Mn/Cu L1 (R/MF 1) Y Sn02-MnO,-CuO-Sb,05 Hi A% M 25 )
P BUEARISS M+ B . CuO Rl 5T Cu WAL SnO, Bk R
I HE 2 SnO, ZEM RIS LS BUEALA, FTLL SbO3 X 2 Mn/Cu LA UNTF
1) ] SnO,-MnO,-CuO-Sb,05 HiHKH & IR 45 B HE M TS L E MR Z .
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3. 4. 3 Sn0,~Mn0,~Cu0-Sb,0, B} &) & Y I5e 45 BUZ L # 32

A 3-29 2 1300°C T % 0.5% MnO, #10.5% CuO f¥) SMCS-2-1 Ff i ) 2 7 45
f. AL, PSR ER KA, BREHAINA.
B 3-30 o 3-29 AR IR BORC BT, T BUR A7l S AT AR AR
ZIESAM, ARG T X)L P BAEIRG . SMCS-2-1 £ B4 A
B3 % MnO, Fl CuO () SnO, FEP & A7 AN () BUaz AL ML -

q 1 )
£ - i
|

Kl 3-29 ik FE SMCS-2-1 WHMMR (RS HLIE N 1300°C)
Fig.3-29 SEM image of SnO; ceramics doped with 0.5%Mn0O; and 0.5%CuO
sintering at 1300°C for 2h

& 3-30 P& 3-29 HiRAF SMCS-2-1 ) F- X 15
Fig.3-30 Grain boundary of SnO, ceramics doped with 0.5%MnO, and 0.5%CuO
sintering at 1300°C for 2h (shown in Fig.3-29)
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K 3-31 A% 0.25%MnO,. 0.5%CuO 1 1%Sb,0; ff] SMCS-1-3 Ff A4
0.75%Mn0O,. 0.25%CuO F1 1%Sb,0; (] SMCS-3-3 FF i ff) 5 F X 48 ¥ Bk 5R.
ATLAT P& 8 R IOAISRAEZE B BRI . 24 Mn: Cu=1: 3 B, 4 0.25%MnO,-
0.5%CuO M 1%Sb,0s ] SMCS-1-3 (#1547 4H 5 SCS-2-5 F AL 24 Mn: Cu=3:
1 15, 7 0.75% MnO,+ 0.25%Cu0 1 1%Sb203 (#] SMCS-1-3 1154 F 45 SMS-2-3
FEan BTESUARIL (B 3-13). IXE AR A Mn/Cu HAE A SnO,-Mn0,-Cu0-Sb,0;
FELAR P B O B AU A —FER . 23, Sn0,-MnO,-CuO-Sb,0; ik
BHIBLBHA S MnO,. CuO &R (3% Mn/Cu [AILLAE) # UM%

FF UL ERAS R4, Sn0,-MnO,-CuO-Sh,05 HLIRFG % (1 45 BUa ik
HLUFPRAPUEIAG, —RIEHE Mn 8T 5 Sn0, & AU N TE A 2 A 4R
B SnO, R ERIBCEN, —RE Cu HTE SnO, PURERE T BEHE SnO, ZEFE 7
MBCER. X Mn: Cu=1:3 B, PUSZFHLEINESHA; 29 Mn: Cu=1: 1
i, PRPHLEISEFGRMEM; 2 Mn: Cu=3:1 1, LUB—FbHLEIL 3 S L. A
Sb,03 J7, Sb™"5 SnO, KA # K M) SnO,-MnO,-CuO-Sb,05 HIHKE % 1L
#At. SbyO3 X} Sn0,-MnO,-CuO-Sb,0; HitKF 7 HIBH LI MAFZAE S Mn/Cu
MILL{EA 2%

K 3-31 SnO,-MnO,-CuO-Sb,0; H 1 P %3 i1 5
Fig.3-31 Grain boundary phases of SnO, ceramics doped with MnO, and CuO of
different Mn/Cu ratio and 1.0%Sb,0; sintering at 1400°C for 2h
a: SMCS-1-3 (Mn: Cu=1: 3) ; b:SMCS-3-3 (Mn: Cu=3: 1)
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. SnO, EME AN % REFEHE MnO, & BN IN/G T . MnO, KIBUH
FER IR INE A 0.5~1.0%, XTI HEETIAZ] 99.6%. MnO, KB RN A
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B B FARARF T SnO, HIBEEBH AL

. SnO,-MnO,-Sb,03 HIL MG EHIAER % BEHEE Sby0s & B KM E THEEH.
M MnO, & BH 1%, SbO; HBHEREHINFEMEREET 0.5%. KT
A Mn BF5 Sn0, Sk RAEBRR N RA SRR Sn0, FIBELE, SH'5
SnO, i1 ¥ R R SnO, R AL .

. Sn0,-CuO-Sb,0; HIRFIEH, & 0.5%CuO 1 SCS-1 RFIFEFH Sb0; AIEK
FREBERMEREET 0.5%. & 1%CuO I SCS-2 ZRFIHE I Sb,05 ME
FEEHRNEREET 1%. 5 7 X8 E #9828 Sno, Kk
4, Sb™ BT SnO, WEARR RN SnO, FIBUE 1L

2 Sb,0; I ER 0 F 0.5%FF, SnO,-MnO,-CuO-Sb,0; HLIKM TS
Sn0,-CuO-Sb,03 BT RIEELE G4 A Sn0,-MnO,-Sb,05 AT K R R4S
B, 34 Sb0; A &N 1%, Mn/Cu AT 1 i, Sn0,-MnO,-CuO-Sb,03
FERBER R A BT .

. Sn0,-Mn0,-CuO-Sb,0; HILFI R ML B 5EMAE Mn BT 5 Sn0, K
ABAC R N BB A ALE Cu A7 SnO, BRI R T B SnO, EHTERY
BF k. Sb*5 SnO, KA B ¥ R A SnO, MR RIBEL .
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% 4 & Sn0,~Mn0,-Cu0-Sb.0, BB HR [ E By Fa 22t 4k

4.1 3|5

SnO, H R EMEHE D mRE S iRk, HapEZERERIE AN
CBEZ—. KT SnO, BN BN RHFRCHRE P77 5920, iiRiEmn
RS RELEUT LA RE: —£ Sn0, P& A B EE I8 4 BHER K.
1 Sn0,-CuO HA M ERBHFMHERK, W. C. Las et al. B MBI RS
10"'Qecm, i D. Nisiro et al. B J BRI %5 R4 0.5~20Q-cm. =& SnO, EMI%
AR E B AR . 40 Sn0,-CuO-Sb,0; iR M =B HEAE R 107~1Qem ¥, =
SCERARIE SnO, EMG E MR INFIK & B .

AERATEEZ T EME Sn0,-Mn0,-Cu0-Sb,0; BRI S EIlE, £F
WRBMAER. SB. B4 T EXN Sn0,-Mn0,-CuO-Sb,0; HRKI S E I S
HEERAIER. WASHT Sn0,-Mn0,-CuO-Sb,0; BRI EH S HILE. HIR)E
FARAL TR T Z20F SnO, FEF K AE 5 I B 2 HE BRI BL

4.2 Sn02—Mn02"Sb203 %*&I‘%E&E{J EE#'I‘E ﬁg

4.2.1 Sn0,~Mn0,—Sb.0; BRI Z/ =R BHZE

AT, BB MnO, 54 SnO, PRI ERFEEE B T LIRS,
HiEHEEE R NRNNEEEE, R MnO, FIMAZT SnO, EMZE I
FUWEBRKEY, N HERBHERNHELHEREEER.

K 4-1 BRI REAFRELEEE T MnO, 5 EH 1.0%, Sb,0s KSR HIH
0, 0.1, 0.5, 1.0%F) SMS-2 HAMZERBMEE. HTFERBE Sh0; H SM-3 F
& 1%MnO; fl 1%Sb;0; f] SMS-2-3 IAFER Z 6 s P 48 BTG, TR
KR 4-1 PRELU L. dEEE, SMS-2 £5Y SnO, 2B ARM &1 iR &
FHZBEE Sb,0; B BN INEMFIREEM. B 0.1%Sb0; B, SMS-2-1 K&
BEHETEZE 10°'Qem; 24 ShO0; FHEEMME 0.5%K, SMS-2-2 HRAKER
P REEMR/AME; BH—FM Sb0; MR 1.0%, SMS-2-3 HEAM=EES
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Fig.4-1 Resistivity at room temperature of SnO, ceramics with 1.0%MnO; and Sb,0;

of different concentrations sintering at different temperatures
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Fig.4-2 Characteristic of In(p)—1/T of SnO, ceramics doped with 1%MnO, and
Sb,0; of different concentrations sintering at 1500°C for 2h
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Fig.4-3 Characteristic of In(p)—1/T of Sn0,-MnO,-Sb,03 ceramics doped with
1.0%MnO, and 0.5%Sb,0; sintering at different temperatures
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Sb,0; of different concentrations sintering at 1500°C for 2h
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B Sn0,-MnO,-Sb,0; ARMZEK X EFBRBM T ABSIET. B 4-4 BRHIRSE
ZEYE E 4 1500°C, MnO, IS EH 1%, Sb,0; KIEESHIHN 0, 0.1%, 0.5%, 1%
(] Sn0,-MnO,-Sb,0; HIRMI B RIR FIREMER MR, TUFHH,
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SMS-2-3 #f 5 BB I T IR BE WO FH S R 1T P& « SnO,-MnO,-Sby03 B AR B Y
Sb,0; ZEREGE TR AP HE BN, B SO ETH su* BT, B Sh,0;
SRMM, SYTETHRHEEBRAERNESRS SO EFHZEBREARMEGE
BRAEGERZUB, P ET LA H Sn0,-MnO,-Sby0s FAR MG A I TR
55 Sb™/SH* LA %K.

RIEREA B, BRAKA LA EN, W 4555, X THBRE
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i, &M Mn BFHZEBIMER Sn0,-MnO, lEK FRIELEERK. LB
Sb,0; BZLJE, SO B FHIMEEHIEE S 1%MnO, F1 0.1%Sb,0; ff] SMS-2-1 #
S S HIE LA KIRRE TR, Mik— 38N Sb0s M5 &, Sb™ IIIREAR A 28
Sb™ FHE A 75 4% B F2E SnO; P B R BEFE R 52 3 BB 4R b 7E SnO, P
BAR R R R RS, BT HRIFELEREE ShOo; SBB—FPT
B, MRFARE, X5 4-2 SRR MEMRNBLGER B

WA RRY, MERSEZNEM, KNS Mn BTHE
SnO, Fai% M EE BN . K7 Mn B T7E SnO, WEURR R Z ERER S
SH™ B F7E SnO, MBS R MK R HE A H B 25 S EFI I . FTLABEE PR
BERIFHES, SMS-2-2 BER S iiEILAEE W, X 5 4-3 /R SMS-2-2 # i
15 PH i 28 A R R IR AR — B

22 FBTiR, Sn0,-MnO,-Sb,0; HIRFE K S HEHLEIEENT: SnO,-MnO,-
Sb,03 H AR M & iy HLBH % 55 MnO, F1 Sb,05 B I & & LUK Sb™/Sb* I LLEH K.
Sb**/Sb*>* L AB B W TR ¥, MnO, 1 Sb,0; IS BEWMB W TIB R, &
Sby03 3265 B4 0.1%F 0.5%H, Sb™/S* FILLERMER A EFHEE. % Sb0;
BRESEN 1%, BMAEEAERAEFERE. Sn0,-Mn0,-Sh,0; KM &
it S B AL A SR P B P AR IIMX, K& Mn BTR Sb™'7E
SnO, P2 EHB2, —£ SH'F S0, B HEEB .
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Fig.4-5 Schematic diagram of acceptor band and donor band
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Fig.4-6 Resistivity at room temperature of SnO, ceramics doped with 0.5%CuO and

Sb,0; of different concentrations sintering at different temperatures
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Sb,03 ] SC-3 #M M ERHAEBHNETEE, 448 4-8 PRI ZER B
EEERATA, SnO,-1Cu0-Sb,0; LKA K I = iR fifH & BEE Sb,0s A BA LR
KEA . 24 Sb,0: ISR 0.1%0), SCS-2-1 ARG EHE fh A9 215 F B R B 5 2
HERBREARL, UpestE BT 1400°C, SCS-2-1 BARM &R MK R R
BB LR E T R INER . 2 Sb0; & & 0.5%, SCS-2-2 =il
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(98.1Qecm) i, MAEEFEELEEE T, 98.55n0,-1Cu0-0.5Sb,0; FaiR MG R HE i
A= i H B & L 98Sn0,-1Cu0-18b,0; i M iR PR R, X R i T7E 1250
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Fig.4-7 Resistivity at room temperature of SnO, ceramics doped with 1.0%CuO and

Sb,0; of different concentrations sintering at different temperatures
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Fig.4-8 Characteristic of In(p)—1/T of SnO, ceramics doped with 1.0% CuO and
Sb,0; of different concentrations sintering at 1400°C for 2h

B 4-8 BRI EZE 1400°C{RE 2h, CuO H5EH 1.0%, Sh,Os FIEESHIA
0.1%, 0.25%, 0.5%, 0.75%, 1.0%, 2.0%, 5.0%H] SnO,-1CuO-Sb,0; ELIRFE R
HIEBE sk . MERTTUES, H#RRIHLESENENE, SHEEEREE
FEHU R FRE. SnO,-1CuO-Sby0; HLHEME ZFE il (¥ T IS LREREE Sb,0; B B
K. DB Sb0; B2, W 0.1%, 0.25%, SCS-2-115 SCS-2-2 ## 4 i FH &
BEEE TR ANEE, W SCS-2-1 B AR HEMAEY 1.21x10°Q-cm, 700°CH}
HHEMEE 6.01x107Qecm, MR TRIBEANR 4x10°. FE—FHM Sb0;
4B, Sn0,-1CuO-Sb,0; H ARG L FHL & 1 F F2IR I BRE(R. & 1.0%CuO
0 0.75%Sb,0; ] SCS-2-4 BRI EE HFZEA 0.61Qecm, 700°C 7 FHRFZ{K
ZF 5.95x10°Qecm. & 1.0%CuO 1 1.0%Sb0s (] SCS-2-5 F G ER A FHEN
5.87x102Qecm, 700°CHTHEPH#E FHZ 5.96x10°Qecm, & 1.0%CuO F 2%8Sb,0;
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) SCS-2-6 MM EBRMBMEENR 6.99x10%Qecm, 700CH HEEKZFE
1.94x107Qecm.

SnO2-1Cu0-Sb,03 HIME MG ZEAE 5 i) 15 S B3R 700°CHe 61 BEL K BEH Sb,05
BRI MEREEA . Sn0,-CuO-Sb,05 HL AR M %R FE ih 2k 1) 5 HRIE (L BEBE
& SbO; B B3 i T .

4. 3.3 Sn0,~Cu0-Sb.,0; BiRERN S BB

4.3.3.1 Sb,0, % Sn0,~Cu0-Sb,0; FEARFRE /Y S RERY 2200

BEARX (4-2) T4, MEHBEERSERFREUTIBESX. Kb
BARATHRMEUAKRES BBRMNBAETHMREANMSHE X2, #
Sn0,-Cu0-Sb,0; BIEFIE S, FYETE SnO, S E F X E H Sb B 7188107109

& 4-1 5CS-1 &5 SCS-2 RIMEMMERBMFEKE (em™)
Tab.4-1 Current carrier concentrations at room temperature of SCS-1 and SCS-2

system samples sintering at different temperatures

Sintering temperature
) 1350 1400 1420
SCS-1-3 1.11x10"° -1.01x10% -1.37x10%°
SCS-2-3 -1.1x10% -6.35x10" -1.11x10%°
SCS-1-5 7.15%10"® -1.98x10% -8.58x10"
SCS-2-5 -2.49x10%° -2.89x10%° -1.97x10%°

% 4-1 7RI CuO EERN 0.5%, Sb,05 KIS B2 514 0.5%, 1% SCS-1
IR ZRBIRFRERN CuO KA EN 1%, Sb,0; KIS B2 31K 0.5%, 1%
[ SCS-2 RIVHE M ER BN FIRE . ATLLE N, BRLE 1350°C T 3K4E# SCS-1-3
BA R SCS-1-5 it BB F ¥k BE b IEAB BASE, HAh e 4518 BE F 2R18 MO RE S 3R
THREAGER\FHBERTEEAFTIET. FABEEETHREH
SCS-2-5 T Sb B FAER RN A, B Sb°* A0 Sb* (B8107100 4x 2% 4.1 mT LA
i, ARIBEERE FHREE 1%Cu0 1 1%Sb,0; I SCS-2-5 #£ 5 B R FIRE
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B, XR BT SbSHHEMMNERRK . & 1470°CIRABHI SCS-2-5 F
T G L2 B N OLE 3-T) AT BLE B 1470°C R SCS-2-5 # # Sb™/Sb* Ll
#in. Frid Sb™Sb* KM RE SCS-2-5 HE M BRI TR -

4.3.3.2 Cu0 ¥} Sn0,~Cu0-Sb,0, kM ZRI SRR N

B 4-9 %50 THEBMEHRRRER

Fig.4-9 Schematic diagram of microstructure of polycrystalline ceramics

AUl BRI RATELE ), BARTE 1470°CF SCS-2-5 #E A E R FIR

I, (B3 2= B L 1400°C A 1420°C3RAF Y SCS-2-5 £ &y B B FFR,

TR, X B i F7E 1470°C 3R SCS-2-5 Ff BB TAE B % (1.84cm’/Vs)

BEARIE I . 680 SnO,-CuO-Sb,0; HLAK G % MBI T 1T 8 0 e B R R A
BB

£ BMRERERRER BRSBTS ERZ P HRIE
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Bl (G 4-9 Fizs) BRI, gy S e BRIRD B R 4L SnO, B B AR Bt AF
7E [ [ 52 10 0 4R S pE U OB 1AL 9n0,-CuO-Sb, 0 B A B 25 ) 572 T (X 358 B 4
FEHNE CuMl, ik CuO MEBXMBRFHIBELRELM. AFK 42 7L
Fi, % Sh0: EEN 0.5%M, & 0.5%CuO K SCS-1-3 FAME 1%CuO 1
SCS-2-3 KR IIT B EME CuO FEIGMT BE R, KR T L SnO, BHLZ
EE Cu BT SREMFESHAMNTIBER, BRTHATHIBE,
RETHERNBEHEER.

3 Sby0; A B R 1%EF, CuO & B MG IN{EFR SCS-2-5 HEBH LL SCS-1-5
MEBEKARL, BT SCS-1-5 KMBFEE N, BHILEMES SCS-1-5 H MM
B2 8 B B B RS, 7R SRR R E Cu AR B BB T B kR
BEH, BRETRATHIBE.

# 4-2 SCS-1 %5 SCS-2 RIIEBMERIEBE (cm’/Vs)
Tab.4-2 Carrier mobility at room temperature of SCS-1 and SCS-2 system samples

sintering at different temperatures

Sintering temperature
. 1350 1400 1420
©
SCS-1-3 232 0.87 0.87
SCS-2-3 0.01 0.21 0.24
SCS-1-5 0.30 0.04 0.05
SCS-2-5 7.05 8.25 8.28

B A LB TET, SnO,-CuO-SbyO5 ELAR M % I = IR B P Rl 5
Sb™/Sb* LU B LA K B A B AR A B K. Sb™/SHP HUE R E Sn0,-CuO- Sb,03
AR B S ERIR TR AE, SO /SO HLfEIn, iR TR, Sb’'/Sb> Lh{l %
&, BHTFHE. SRAEFHEBELNERTFTBEE.
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Fig.4-10 Characteristic of In(p) —1/T of SnO; ceramics doped with 0.25%MnO,,
0.75%CuO and Sb,0; of different concentrations sintering at 1500°C for 2h

B 4-10 RRHIRFEERE R 1500C, MnO, K& EH 0.25%, CuO HEE
H0.75%, Sb,03 IS EDHK 0, 0.5%, 1% SnO2-MnO,.CuO-Sb,0; HLIkF
MmMEmME. NEPTLUEFEH, BEH SO MEENE M,
Sn0,-0.25Mn0,-0.75Cu0-Sb,0; LIk M Z I FHELEETRMED. §
SnO,-1Cu0-Sb,0; HLIKFG i S B iE 1L AEBE SboOs A B AR ARl B8
/b8 MnO, £ B EFEH Sn0,-MnO0,-CuO-Sb,03 HIRMIK K FBIELES Sb0;
SBZEMN*FK. X4 Mn: Cu=1: 3 i}, Sn0,-MnO,-CuO-Sb,0; IR &K T

HHLHI 5 SnO, -CuO-Sb,0; FaHH g %2 i 3 iR L AR AL
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Fig.4-11 Characteristic of In(p)—-1/T of SnO; ceramics doped with 0.25%MnO,,
0.75%Cu0 and 1.0%Sb,0; sintering at different temperatures

B 4-11 BRI REDNFIRELERE TS 0.25%Mn0,, 0.75%Cu0 # 1%Sb,0;
f SMCS-1-3 F i IR B 2% . MBI SR AT DAt , AR S R A 21 SMCS-1-3
FE i B F VR AR, 1B 98Sn0,-1Cu0-1Sb,05 BIARKG Kt 5 s iE (L FERg A
R, R MnO, IARE T SnO,-MnO,-CuO-Sb,0; HKKG & S HiE LS.

B 4-12 BRRREARFKRSEEET MO, KNEEH 0.5%, CuO MEEHN
0.5%, Sby03 K1& &4 1% SMCS-2-3 # R IR B i 28 . T LAE B, 54 0.5%Cu0
1 1%Sb,0; ] SCS-2-5 B 1S 0.25%Mn0,, 0.75%CuO Fl 1%Sb,0; i) SMCS-1-3
FEARAHLEL, SMCS-2-3 45 (¥ = R s PR A T s iE (LB KB IR . B MnO,
IARE T SnO,-MnO,-CuO-Sb,05 B % = {8 P £ A S HiE LS. PES
MnO, & &K, KMNA Mn BF5 SnO, KBV R N P=4 K% F fe Rk 1E R
MR E. XHRAT SMCS-2-3 HRAK SHMETREENSES TS
A SR EEANEEHBRATIEEZULRRNE Sb BF KB ILR
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fERIME R

B MnO, & & #1, Sn0,-MnO,-CuO-Sb,0; kMR M EHE BERNF
B VE L BEFI R 0. B 3CS-2-5. SMCS-1-3 B 1R &M = i s fL 0 T e Vg 1L
f&; SMS-2-2. SMCS-2-3 AEFMMEEMEHEBEENFRIENME. FTEL
Sn0,-MnO,-CuO-Sb,03 HLIL M Z ) 725°C i B FEL 2 2 88k Bl 10°Qecm HE K.
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Fig. 4-12 Characteristic of In(p) —1/T of SnO, ceramics doped with 0.5%MnO,
0.5%CuO and 1.0%Sh,0; sintering at different temperatures

4.5 HACIBT Z34 Sn0, F IR E B FERERI RN

B 4-13 fE 414 N ERHORAFARLGRETERBRE 1%Cu0
1%Sb,05 ] SCS-2-5 # @ 7E 725 C T AR IRAT G MGt k. TUEH, &
FERT G 1 SCS-2-5 B i e B R BRI 2 T RS, R ¥ 4K T B
M. £ 4-3 F1E 4-4 JHAEBETE SCS-2-5 BRI ER B ER 725 CRHER.
AUEH, #AHE SCS-2-5 A K= R R{K, 725 CRfFEETT# .
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Fig.4-13 Characteristic of In(p) —1/T of 98Sn0,-1Cu0-1Sb,0; ceramics sintering

at different temperatures without heat treatment in air at 725°C

23t 725 C TR MLE)E SCS-2-5 MM MRS KA B4 k. AR
R B TH#4 Sb B FAEZARA TALHEEEP R4 T AN EILET
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1B 7+, Sb’ 78 SnO, S U R N FE IR Y2 E Bt 55 Sb™ZE SnO, Sk i)
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MR FIREER (0 4-15 BiR), Sl HAbEERER R A E Cu T BREE
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Fig.4-14 Characteristic of In(p)—1/T of SnO, ceramics doped with 1.0%CuO and
1.0%Sh,0; sintering at different temperatures after heat treatment in air at 725°C
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Fig.4-15 Current carrier concentrations of SnO, ceramics doped with 1.0%CuO and
1.0%Sb,0; sintering at 1300°C before and after heat treatment in air at 725°C
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Fig.4-16 Hall mobility of SnO, ceramics doped with 1.0%CuO and 1.0%Sb,03
sintering at 1300°C before and after heat treatment in air at 725°C

% 4-3 it ERTE R SCS-2-5 HEMMZEBR AEE (Qeem)
Tab.4-3 Resistivity at room temperature of SnO, ceramics doped with 1.0%CuO and
1.0%Sb,0; at different temperatures after and before heat treatment in air at 725°C

BREERE (°C) 1300 1350 1400 1420 1470
#ALERRY 221x102  3.49x10°  5.87x107  543x10°  6.93x10°
AL H S5 235x10%  3.45x10°  3.96x10%  3.67x10°  5.51x107

® 4-4 2T HAEERTER SCS-2-5 FEf A 725 CHHBLE (Qeem)
Tab.4-4 Resistivity at 725°C of SnO, ceramics doped with 1.0%CuO and 1.0%Sb,0;
after and before heat treatment in air at 725°C

PAE R
C)

1300 1350 1400 1420 1470

ST 2.84x10°  1.32x10°  5.96x10° 2.17x10%  3.16x103
AV =] 3.03x10°  1.43x10°  4.84x107 2.40x10°  3.21x107
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1. Sn0,-MnO,-Sb,C; HIIR M & M =R B EME Sb,0; B EBNF & EREEH
&, 98.5Sn0,-1Mn0,-0.5Sb,0; % & & P X 4 % M A 96.13Qecm .
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SRR, BEREBEEENMNES. LSENBEERNMFEHX:
— A& A Mn B TR Sb™ X SnO, BRI EBH: ZR Sb X SnO, fi
MEEB R,

2. Sn0,-CuO-Sb;03 HL A% HE % ¥ 515 i BEL 2R 700°C B e B 28 Bt 4 Sb,03 & &1
FEABIRET R, % Shos MEE%T CuO B, Sn0,-CuO-Sb,0s KIZE
HLPH 2 5 Mk /D fH . Sn0,-CuO-ShyO; H 1k M % 4 Ft i) i FH 4% .
Sn0,-1Cu0-Sb,0; H R E M FHIEHEEHEE ShOos S EBBEK.
98Sn0,-1Cu0-18b,0; B Z A 700°C B (1 HLBA 2 AR /ME 1.32x107Qecm. H
FRM U FHEANFHES: SRERNE Cu MRS HERTFRIBE;
Sb>*/Sb** ity LB R s B T RO E

3. BEE MnO, S E¥HN, Sn0,-Mn0,-CuO-Sb,0; BIRM A= HHE S
JEWREFIR N, BEE Sb0s A EMM, Sn0,-0.25Mn0,-0.75Cu0-Sb0; HL
MR T R RE R T B

4. T2SCTFERRLAIE, Sn0,-1Cu0-18Sb,0; HELIRF & Y = o B PR,
725CH B EA . FRAOBERFREAS, BATIBEREK. FHEF
AT RE. FERBT S 7R T PR LA SH° I AR
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¥ 53 Sn0,~Mn0,~Cu0-Sb.0, B8 % [ & BT I
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51 3|5

MM EEMBT AN EEN R MR bERE. #R TRty
CLRJE S PR R E A S A T, SnO, BRI A M TELAHREEER
i AL, FTURREERR e RN REEEE. SAARNAR
(] SnO, BHBEMEMHERFANBEBRPRMEECEHM AL, BEXT
SnO, # B B I TTBR R AL BB LR WK £ 4R IE

AR EERRBEEER T 2T KN RS, REAN SRSt ERE
BRIEMEENARE. SOFEACEFH SnO, 3 iR M &R B bk ab e e
EEHRIED, (821 FR B U S (9 SnO, 25 BN PR A1) i e P R B
FARRIRE.

AFEESCHE Sn0,-MnO,-CuO-Sby03 F R MG A4 KL EE B 45 BTV M P O B
BB MER . B RMT SnO, F: ARME BB BRI L . BUERFA SnO,
e e P R IR R TR R R AL, X SnO, HEH AR M K I
PERERR E AT SE R VP A

5.2 Sn0.~Mn0,~Sb,0, 1R BE & AV IR IR MR 1 e

5.2.1 Sn0,~Mn0,~Sb.0, Bt} B8 & BYIRIE R B iR E

5-1 RRHIRTE 1400CFH MnO, B EA 1%, Sb,O; AR TN 0,
0.1%, 0.5%, 1%#] Sn0,-MnO,-Sb,0; FLIRFI & HE T 7E 1200°CHNAE IR VA /G
b 100h [ERIBEERRMEE . MNEHFTLAEH, Sn0,-MnO,-Sb,0; B R FI &1
BHBRMEENE Sb,0, B BA FARKEAF . KRB Sb0; i, & 1%MnO,
H SM-3 BESMBEBBRMEZEY 6.59x10*mmh. %52 0.1%Sh,0; i,
Sn0,-MnO,-Sb,05 F 1% M 5 1) 3 55 ¥ 12 ot T 3R K8 P P& flk, X B AR ME
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2.54x10*mm/h. 24 Sb,0; IR BB KK 0.5%, SMS-2-2 P HE S A0 B AR Th
HEHK, H4.67<10" mm/h. % SbO; AR 1%0F, SMS-2-3 5 I BIEH
RE R Y 4.06x10*mm/h. SMS-2-3 #£ 5 AR & LR 74.17% (nE 3-9),
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Fig.5-1 Corrosion rates of SnO, ceramics doped with 1% MnO, and Sb,0; of

different concentrations sintering at 1400°C after corrosion at 1200°C for 100h
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1.8x10°mm/h. R EERT 1470°CHE, SMS-2-2 # AL B ISR iR R b
RGBT ERE L, 8 4.67~5.90x10* mm/h,

MU EZRATLLEH, 25 MnO, FIEEA 1%H, ShOsIEER 0.1~0.5%
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Fig.5-2 Corrosion rates of SnO, ceramics doped with 1%MnO, and 0.5%Sb,0;

sintering at different temperatures after corrosion at 1200°C for 100h
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] 5-3 Sn0,-MnO,-Sb,0; HLAKIE &40 B A= = (0 U L Y
(ReZEEE M 1400°C 5 JEBhZAF 1200°C/100h)
Fig.5-3 Back scattering images of SnO, ceramics doped with 1.0%MnO; and Sb,03

of different concentrations sintering at 1400°C for 2h after corrosion in glass at 1200

‘C for 100h.(a: 0%Sb,03, b: 0.1%Sb,0s, c: 0.5%Sb,03, d: 1%Sb,03)
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ATLAE . SRR 3 2 b 3l A FLEEA S SnO, A1 0.1%MnO; ) SM-1
FERLHINE . MnO, I8 BINE] 0.5%~1%, SM-2 FI SM-3 P i £l & &
RHgd, BEBBJLTFETEBAMES . Bt MnO, & B3 — 1 InE] 5.0%,
tnpE 5-4d FioR, SM-4 F% 5 A EHERENA Mo HE (I 3-6), XEFHEM
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Fig.5-4 Back scattering pictures in the contacting area between Sn0O,-MnO; ceramics
and glass after corrosion at 1100°C for 10h
(a: SnO;3, b: 0.1%Mn0O,, ¢: 1%MnO,, d: 5%Mn0O,)

SE, 255 ® |NoKal..35  |5iKa. 233 SnLal, 194

T

B 5-5 E 5-4d 4 SM-4 H¥ b £ BIERR TS KO0 # T 4046
Fig.5-5 Area distribution of elements in the contacting area between glass and SnO,
ceramics doped with 5.0%MnO; after corrosion in glass at 1100°C for 10h
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JCHESMT. AILATI i, SM-4 FF AR (KIRSURLZ 0] ) RSN 41 5 Siv Na J6%. 7
Bk, B4 SRR O ()T AL BE AP BE, R/l SnO, FIDRE 22 (8] 85054 8 i s
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IXHFE SnO, BURLAS it foe K A 45 M RAF M PUIREEIR hAE )1, T3 SnO, ZEFB R
DU RS HR PhfiE 7 K -

NaKal.. 739 -

Wy
[V

SiKa. 5775

w—

SnlLal. 1000 j
MnKa. 239 2 :

£ T

Kl 5-6  BEESHS SM-4 Ff dh Bk O SO R RS 14 R (1100°C LRl 10h)
Fig.5-6 Line scanning of elements in glass contacting SnO, ceramics doped with

5%MnO; sintering at 1450°C after corrosion at 1100°C for 10h
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Fig.5-7 EDS analysis of glass contacting SnO; ceramics doped with 1.0% MnO;
sintering at 1350°C after corrosion in glass at 1200°C for 100h
(a: SEM image, b: EDS analysis)
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Fig.5-8 EDS analysis of SnO, ceramics doped with 1%MnO; and 0.5%SbyO3
sintering at 1400°C for 2h after corrosion in glass at 1200°C for 100h
(Fig.b is point 1 in Fig.a)

] 5-9 SMS-2-2 P A X K B (PSRRI 1400°C)
Fig.5-9 SEM image of SnO, ceramics doped with 1%MnO, and 0.5%Sb,0s sintering
at 1400°C for 2h
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Fig.5-10 EDS analysis of glass contacting SnO; ceramics doped with 1.0%MnO,
and 0.5%Sb,0; sintering at 1470°C after corrosion in glass at 1200°C for 100h (a:
SEM image, b: EDS analysis)
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BEASRLZ BB FLIR, 300 T BB S SnO, BUki A9/ M A (nf 5-12 FoR), -
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Fig.5-11 Corrosion rate of SnO; ceramics doped with 1.0%CuO and Sb,0O3 of
different concentrations sintering at 1400°C after corrosion in soda-lime glass at
1200°C for 100h
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Fig.5-12 Microstructure and EDS result of SnO, ceramics doped with 1.0%CuO and
2%Sb,0; sintering at 1400°C for 2h after corrosion in glass at 1200°C for 100h
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Fig.5-13 Corrosion rates of SnO, ceramics doped with 1%CuO and 1%Sb,0;3

sintering at different temperatures after corrosion in glass at 1200°C for 100h
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Fig.5-14 Area distribution of elements of SnO, ceramics with 1% CuO sintering at

1100°C for 2h after corrosion in glass at 1200°C for 100h
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Fig.5-15 Microstructures and EDS results of SnO, ceramics doped with 1% CuO and
0.25% Sb,0; sintering at 1400°C  for 2h after corrosion in glass at 1200°C for 100h
(Fig.b shows the area in black block of Fig.a; Fig.c and Fig.d are EDS results of point
1 and 2 in Fig.b, respectively)

& 5-1 [ 5-15b H 5 1 4LH EDS T3 5E R AT 45 3
Tab. 5-1 Results of EDS analysis of point 1 in Fig.5-15b

Components Si0, CaO Na,0O  ALO; MgO K,O SnO;

Concentrations

343 3.98 4.71 1.83 2.18 0.67 52.34
(wt %)
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[ 5-16 SCS-2-5 FE i it S A (RE4SIERE 1400°C)
Fig.5-16 SEM image of SnO, ceramics doped with 1%CuO and 1%Sb,0s sintering at
1400°C for 2h
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Fig. 5-17 Microstructure and EDS result of SnO, ceramics doped with 1%CuO
and 1%Sb,0; sintering at 1470°C for 2h after corrosion in glass at 1200°C for 100h
(a: Black scattering picture, b: EDS result of point 1 in Fig.a)
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Fig.5-18 Back scattering picture and EDS analysis of glass contacting with SnO,
ceramics doped with 1%CuO and 0.25%Sb,0s sintering at 1400°C after corrosion at
1200°C for 100h(a: back scattering picture; b:EDS results)
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Fig.5-19 Corrosion rates of SMCS-1-3 and SMCS-2-3 samples sintering at different
temperatures after corrosion in glass at 1200°C for 100h
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Fig. 5-20 SEM images of SnO, ceramics doped with 0.25%Mn0O, 0.75%Cu0 and
Sby03 sintering at 1500°C for 2h after corrosion in glass at 1200°C for 100h
(a: SMCS-1-2, b: SMCS-1-3)
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Fig.5-21 Schematic diagram of corrosion process of SnO, electrode ceramics
corroded by molten glass (a: samples of low density, b: dense samples with

appropriate sintering aid, c: dense samples with superfluous sintering aid)
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FRMERAHE, HRER Sn0, K HERMERA R IF BB MmEE N,
WA 5-21b fizs. SMS-2-2, SCS-2-5, SMCS-1-3 BA K& SMCS-2-3 % 5B Filk
. JRmA S RmER, BR Sno, XBRMENDAERESEEE, H5
BMERAELR, FRARCSERESAESEM. RESA. SRS
SnO, BRI, WEWHIEE @BESILEAES D, BhEKENRAEEME,
LIERE SnO, UKL & AR 2R G, SnO, BRI A R, BRIETHBHHK
BRI . WA S5-21c fic. SM-4, SMS-2-2 SRS BT HIEE.

5.6 WIS HAYIR MRS Sn0, B BRI ER =R HERAZIH

5. 6. 1 IHEER AR AT Sn0,~Mn0,~Sb,0, F3 A b 35 2255 3 BH R A9 &2 M

R 5-2 HIRESRER 1400°C, MnO, A EH 1%, Sb,0; KIS E 0. 0.1%.
0.5%. 1% SMS-2 &5l SnO, fMZiT 1200°CHB BTG 1 100h JFHE
BEBHEE, ARPATUEN, £dEBBREWME, SMS-2 RIIEES G BHER
PR TR&ES. KBJ Sh0; i, & 1.0%H SM-3 HRKERAHEEMEY
1.57x10°Qecm. 2% 0.1%Sb,0; 5, SMS-2-1 [IZE I HHZEM 22460Qecm B
1724Qecm, TREAEEHA 13. #—5H0 Sb,0; FIEEF] 0.5%, SMS-2-2 ¥
ERBHETMEE 2.60x107Qecm. 4 Sb,0; & E R 1%0), SMS-2-3 #RME
BHEHETEE 7.91x10°Qecm.
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# 52 BB HMHTE SMS-2 R SnO, 7 5 i) 2 f pH %
Tab. 5-2 Resistivity at room temperature of SnO, ceramics doped with 1%MnO, and

Sb,0; of different concentrations sintering at 1400°C before and after corrosion

il SM-3 SMS-2-1 SMS-2-2 SMS-2-3
FRHBEHEE (Qecm

JRGEFE T overload 22460 96.13 overload
B S FE A 1.57X10° 1724 2.60X102  791%x10*

£ 53 WEAFRREEE TFTHREHE 1%Mn0, 1 0.5%Sb,0; i) SMS-2-2 ¥
Ah 28 1200°C 4145 B2 bl 100h /5 19 28 B B 5 R U fT AL 28 A9 AR EE
98.5Sn0,-1Mn0,-0.58b,0; #¥ i # KRR MG K ZR A PHE KIBR T, &3
102Qecm $ B .

# 53 FRBBERBWETE SMS-2-2 H A ERBHERE
Tab. 5-3 Resistivity at room temperature of SnO, ceramics doped with 1%MnO; and

0.5%Sb,0; sintering at different temperatures before and after corrosion

$LEEE (C)
1350 1400 1420 1470 1500
FEHEAME (Q

R FES 792.88 96.13 197.58 1075.84  7775.27
WEEWERER  5.76x107  2.60x1027  3.40x107  2.20x102  3.94x10?

5.6.2 PIEAAIRIMIF Sn0,~Cu0-Sb.0, BIRFEEE IR BEER I

K 5-4 JBeEEEE N 1400°C, CuO KIEEN 1%, Sb,0; BIEESHN 0.
0.1%. 0.25%- 0.5%. 0.75%. 1%. 2% SCS-2 &% SnO, #¥MHE&iT 1200 CHIES
BEWR T 100n FRIEREMAE. %4 Sh,0; MEBAKTF CuO KEER,
Sn0,-CuO-Sb,0; HLMK MG &4 BB R TS 1 E IR BPHE K. BEE SbOs WY
¥ M, SnO-CuO-SbO; KM EN BMZHRBEETREER D,
98Sn0,-1CuO-1Sb,0; B iR H & E IR BIA R A T PR BRI, K 6. X Sb,0; HIF
BEAXTF CuO WEEN, & 1%Cu0 Ml 2%Sb,0; Y SCS-2-6 F M B MR thf5
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9 2 1 = P (B8 IR Ve A

£ 5-4 BRIFIEBR AT SCS-2 K51 SnO, B & HE i B BE &
Tab. 5-4 Resistivity at room temperature of SnO, ceramics doped with 1%CuO and

Sb,03 of different concentrations sintering at 1400°C. before and after corrosion

[m}
il SC-3  SCS-2-1 SCS-2-3  SCS-2-5 SCS-2-6
FRHEAE (Qcm

[BIEHE overload 1210 0.61 59X102  7x10?
BB SR, 9.51 0.13 6.1x10%  1x10?  overload

R 5-5 AEARRFEGERE T HRBKE 1%CuO M 1%8Sb,0; ] SCS-2-5 ¥ 54 2
1200°CHES BEIIR T 100h M EBEHBAR, AUEY, SWEREHEN
SCS-2-5 MM ZERBEEREATLEN. KB 98Sn0,-1Cu0-1Sb,0; Hik M & A
B RIFH BRI E N,

R 5-5 MRPIEKRULETE SCS-2-5 H MM R IR B R
Tab. 5-5 Resistivity at room temperature of SnO; ceramics doped with 1%CuO and

1%Sb,0; sintering at different temperatures before and after corrosion

FeABE(C)

1300 1350 1400 1420 1470
FEIRHBHEZE (O
JRUGHE 221x10%  3.49x10° 5.87x10% 5.43x10° 6.93x107°

B MEEES  7.86x10°  3.64x10°  1.01x10%  5.14x10°  3.23x10°

5.6.3 WIEHAFZ X Sn0,~Mn0.~Cu0-Sb.0, BBk E ;2 B EZER M

A

F5-67E1500°C F H1£0.25%Mn0O,. 0.75%CuOFI0.5%Sb,0;3 I SMCS-1-24%
A A8 0.25%MnO;,. 0.75%CuOF11%Sb,0; HISMCS-1-3FE f 7E1200°C 45 B I K
JEPH100n G ZR AR . HREEMAEERREERAHLE, SMCS-1-28 R
SMCS-1-3K 2 IR U5 I EHE B AR 2 FE#%. 5Sn0,-Mn0,-Sb,0;
HSn0z- CuO-Sb, O3 FEARFGBEHE FAHML, BEE Sh,O:MIMA, & SMCS-1 &5 R
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F) B B 22 2> B £ B BA S R

# 5-6 WBIARMATE SMCS-1-2 F1 SMCS-1-3 # 5 i = i sE FHL &
Tab. 5-6 Resistivity at room temperature of SnO, ceramics with 0.25%MnO;,
0.75%Cu0 and Sb,0; sintering at 1500°C before and after corrosion

S SMCS-1-2 SMCS-1-3
FiRAHEE (Qc

JRUGFE S 0.603 1.75x102
B FE R s 4.60x107 7.31x10?

% 5-7 RNEBEERE FHBH SMCS-1-3 ¥ A BB ER MG =R EE R
Tab. 5-7 Resistivities at room temperature of SnO, ceramics doped with 0.25%MnO,,
0.75% CuO and 1%Sb,0; sintering at different temperatures before and after

corrosion
R (C)
1350 1400 1450 1500 1550
HEAME (Qc
JRUEHE A 0.254 8.20 1.29x10% 1.75x10? 1.65x107

PR S R 8.05x10° 1.06x107 1.1x10% 7.31x10% 1.26x107

RS-THEARFFEGEEE T HF0.25%Mn0;, 0.75%Cu0 1 1%Sb0;
SMCS-1-3H S 7E 1200 CAS B B S th100h /5 M ZIB PR, ATUUFH, 43
BHRRMEPSMCS- 13 MM EEBHEEATLEI . 98Sn0,-0.25Mn02-
0.75CuO-1Sb,0: AR F & B R4y e tE e fa e .

5.7 IhNg

1. Sn0,-MnO.-Sb,03 IR M & A BE WK R U ZR B Sbo0s YA B SE PR Y
e & 1.0%MnO, 1 0.1%Sb,03 (1 SMS-2-1 #:/5 #9211k Bk /ME
2.54x10*mm/Mh . REHBERE TREHE 1.0%Mn0;, f 0.5%Sb,0;
SMS-2-2 #f & BB B 0 2 s AR ME A 4.67x10"mmv/h. 7EH LK
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Sn0,-MnO,-Sb,O; FAIRMF R, JKHE 5 3k & 1818 AL H 8 b B 1 B SR A
E.

. 7E Sn0,-CuO-Sb,0; HIARMIZH, 4 1.0%CuO 1 SnO, E MG B B2
EEEFIME 2.21x10* mm/he Sb,03 BIIIAIEIN T Sn0,-CuO-Sb,03 B
MEMNKBBERMEE, 4 Sho; NEBAET CuO0 WS EN,
Sn0,-CuO-8b05 FEARFE & M B IRAR T E AT 3~4 X 10" mm/h 2 18], $/
{845 3.25%10*mm/h. SnO,-CuO-Sb; 03 FLAR M %S F & 8] K S FL B HL BB
RehfeH, WA, BEDMKILSENSEFAHEREM Sn0,-CuO-Sby0;
R AR R B B S AR 12 el

. BUEM Sn0,-Mn0,-CuO-Sb,0; HARMHRTE 1200°C S BT AA BRI

KITIRBBR AL S . BIEBRUEEAT 3~4.5<10" mm/h Z [,

. SnO, EHFEMEEEHRMES Sn0, BF R IFHIRF B EmAEE S,

SnO; UAY™ BT A BB R M. BB NIA S BT R, R
EEAM LA T A BB R i . B SN SnO, BRI
an B SALH R B R FAHE, BB RNSAREHEN R RHE.

. 1200°CHVES BB AR TR T 2552 SnO, 2 e MR P B RE 3 A IR PP

98Sn0,-1Cu0-1Sb,03 F1 98Sn0,-0.75MnO,- 0.25Cu0-1Sb,0; BRI E EH B
Rt E .
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F6E HitRRE

6.1 &it

AR ICE T B BB SnO, B HBIAE R, ERFENIKT
SnO, H: g % & Fi I RERIBT 70 SCRR A FEAL b, 7 5E LIS SnO, ZEFEAR M REFT LAY
SZEMRANARER, % MnO,-CuO-Sb,0; AR BRINER, RALERLET
A% ToRE A REFHT SnO, BARFIEMEL. XPUWRRSL. £EMHIRTH
INFIRBELE TEXT SnO, ZEFARMG A BIERERIE M, HATT SnO, ZABIRMER
MBI, BIRPEURRBEERR BN . M T EHRtE
TZMBIER AR MR SnO, Z ARG EA MR, BASH EZH TR

REQIH RWT:

. RANESHEERK S0, EERBEEMBKE S A
98.5Sn0,-1Mn0,-0.58b,03;  98Sn0,-0.5Mn0,-0.5Cu0-18b,03;  98Sn0,-0.25
Mn0,-0.75Cu0-18b,03; 98Sn0,-1Cu0-18b,05. HARLEF K . EHEHMHE.
o 5 F B R R B AR Tl R 1A B R B AU WA SnO, FEAR = S B

WIERIHERE.
. Ryt Xt =R 725°C 2ok
Vaylikz ¥ 5
. maz B mE EER K L
(C) (%) (Qecm) (Qecm) (mm/h)
98.5Sn0,-1MnO.
2 1400  95.63 96.1 4.11x107 4.67x10™
-0.5Sb,03(SMS-2-2)
98Sn0,-0.5Mn0,-0.5CuO R “
1500  94.49 32.72 1.71x10° 3.37x10
-1Sb,03(SMCS-2-3)
98Sn0,-0.25Mn0,-0.75 , , y
1450 94.89 1.286x102% 2.13X10° 3.95%10
Cu0-1Sb,03(SMCS-1-3)
98Sn0,-1Cu0-1Sb,0; 1350  96.52  3.49x10° 1.32x107 3.65%10™
(8CS-2-5) 1420 9575 5.43x10°  2.17x10° 3.25x10™
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2. Sn0,-MnO,-CuO-Sb,0; BRI L S BB KRR SE R,

a) Sn0-MnO,-Sb,0; R LM EHIAAXT HEEREE Sb,0; A BAMINE TR
%o 2 MnO, & 84 1%, Sb,03 MBUE B HI AR MEAREBT 0.5%.
KA Mn BRI R BAZBE SnO, IEE4E, Sb*'5 SnO, MEA R B
%1 SnO, HIBEAL.

b) Sn0,-CuO-Sb,0; AR EET Sb,0; MBF B HFIEMERERE T CuO.
BN RFT BURE SnO, Mikess, SV SnO, MEUR R M EI
SnO, KI5 .

¢) 4 Sb0s A ERN 0 0.5%H, Sn0,-Mn0,-CuO-Sb,0; R EL S
Sn0,-CuO-Sb,03 BAF KRG FF R Sn0,-Mn0,-Sb,0; BAIFHI R
BEAEHFIE - 24 Sb03 HIE B4 1%, M/Cu AT 1 B, SnO,-MnO,-CuO
-Sb,0; AR PG & RE WP 4 BU% .

. Sn0,-Mn0,-CuO-Sb,0; B 1% M % B B R A i 5 e R &

a) Sn0,-MnO,-Sb,0; HARFG R ZHE BARIEE Sb,0; S EAFE LRI
HIt#. Sn0,-MnO,-Sb,0; HIARFE A GBS, S HIEILAEREHE
Sb,0; M ERERMEEM, FEERSEEEM MM, HSEnE
ERAMTHEAR: —HEMA Mo BT H SH>* % Sn0, BIKIIZ EB L,
R Sb™' 3t SnO, Sk E B2k

b) Sn0,-CuO-Sb,0; FHK M % ) IR B PHL 2R B Sb0; & B FHESERRIRE
Fti, 2 Sb0; FIEE%T CuO i, Sn0,-CuO-Sb,0; FIEE HHZE Y
B/ME. SnO,-CuO-Sb,03 HIARFG & A 5 IR PAAE M. HAEHEHUTH
ANFEZES): RAE Cu MEESHERTFHREBEE, SH™/SH™ HILLE
REBI TR ERRE .

¢) Sn0,-MnO,-CuO-Sb,0; Ha 1K ¥ % ff) = i i PHL 2R 0 5 b 3% 1L B R i B
Mn/Cu WER B MEM MBS . BHH ShLo, & &1,
Sn02-0.25Mn0,-0.75Cu0-Sb,0; HEHR P & (1) F s IE (L ik 2 F BB,

. Sn02-MnO,-CuO-SbyO Fo A M %2 3 B MR 1oL 38 (1) AR (L A b iy [N 2R -

a) Sn0,-MnO,-Sb,05 K& MBI B ThEREE Sb,0; SR
FEAR 140 . SnO,-CuO-Sb, 05 HAR G B fy & 18] KA FL ISR HL Bk BB 13 ol
Ber, MANAA. RENASHERZFHEEAREMW Sn0,-CuO-Sby0; H
REE R PSR bR
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b) SnO, EHEMEEEHRES Sn0; AH RIFHIKTIEBEBIR L RE
71, Sn0, BAY BRI AL DR VRAR Tl . 1245 BY B 5 i BB VMR B 1R T,
[ B A DUV AR 7 S BV MR e . RV B2 HE . SnO, R
RMERRASAFERERZAME, EUBANFASILAEHER R
RHE.

5. T25CTESAPAHESE, Sn0,-1Cu0-18b,0; MR &I Z iR PR FIK, 725
CHREMEZEAR. FRPHERTFREAR, KR TFREBREE, FREL
BEFRMC. 1200°CHYES B IS AR TR P4 IR S SnO, ZEHARFI R MM Z R B
FH# . 98Sn0,-1Cu0-18b,0; 1 98Sn0,-0.75Mn0,-0.25Cu0-1Sb,03 ARG &
HA RFemtkaeiaett.

6.2 BE

FR X TERIEMILERERKTE (2005AA401D61) HIFEBI T SERLHT
WX TAEMBREBHERERERNREEBEMRVEENST. FRXERET
—EHE, BEARL>TFESGMENMT, HXRARTHEEERARTD.

SnO, ZEHMA R R—FEMIRE— LR, KSR THO%EERES
BEMBASEMRITIEMARENEERRBZ —. HIK, BAEIHRK SnO,
AR B B AR B R E 10°Qeem, BN BB BAF RN ERT S, SnO,
b} i B PR R AT R B — P PR

MEEL SR, SnO, EHFFEMEN G S RSB —PH
ReEfkE, FZERBEBEERONARIE ZRHE, BREEBERT
ARG AR YA PR Y5 4 7 DA KRR R R R AR SF ) R
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