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ABSTRACT

As a new kind of separation media materials, inorganic ceramic microfiltration
membranes exhibit excellent properties, compared with organic membranes. They
have caused much attention in such applications as gas and liquid separation. The
thesis deals with the preparation and characterization of ceramic microfiltration
membranes. The main work includes the following sections.

1. The dispersion and stability of o -ALQO3 suspension was studied from a
nontraditional perspective. The rheology of dispersant solution was examined
first, then changes of the rheology of the whole system was investigated when
powder was added to the solution.

The rheology of Polyacrylic acid (PAA) solution was investigated under different
pH, concentrations and molecular weights (Mw). It was shown the rheology of PAA
solution was closely related to the ionization and conformation of PAA chains.

The viscosity change of PAA solution with addition of alumina powder was
examined under different added powder contents, pH and particle sizes. The viscosity
of suspension was determined by the free PAA with excessive PAA in the suspension.
The viscosity minimum was reached when the amount of ceramic powder and PAA
was at a certain ratio. At the same time, the particle size greatly influenced the
minimum and the dispersion and stability of suspension.

The dispersion of suspension with addition of PAA was studied. It was also found
the best dispersion was obtained when the amount of powder and PAA was at a
certain ratio while excessive powder or PAA resulted in the appearance of
agglomerates.

2. The process of the preparation of asymmetric tubular o -AlLO; microfiltration
membranes by dip-coating was studied in the second section. Preparation of
microfiltration membranes with high quality were attempted using irregular
industrial supports. The data processing of Bubble Point Method was established
for our lab.

The influence of dispersant Mw, dispersant content, coating time and solid loadings
on the appearance and microstructure of membranes were discussed in details. It was
found the suitable Mw of dispersant was around 4000. The final quality of membranes
was determined by both the dispersion of suspension and coating parameters such as
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coating time, solid loadings, and so on.

According to the principle of Bubble Point Method, the improved data processing
was established with the aid of software.

Microfiltration membranes with smooth surface and narrow pore size distribution
were prepared on irregular support with wide pore size distribution by dip-coating.
The influence of solid loadings and coating time was examined. Based on the
experimental results, a simple model was put forward to more clearly understand the
process of wet membrane formation on this kind of support.

3. An improved solid state reaction was introduced to prepare CeosSmy20;.
powder with high sintering density and conductivity, This method has merits of
simple processing and low cost and is very suitable for mass production.

Spherical powder of pure phase was obtained after calcination at 600°C. For the
specimen sintered at 1350°C from the powder calcined at 700°C, it had the highest
relative density of 95%. The conductivity was 0.083 S/cm at 800°C with an activation
energy of 67.8 kJ/mol between 600 and 800°C, which agrees well with those reported
in the literature and obtained by chemical coprecipitation in our lab.
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1.1.1 MEREAHERR A5
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BM_E o-ALO; BEBNIT BB EHIIR

FHEREMERRS REFAH. U, LF¥FREEMEREFTKERS,
FERARIL, RECHMUEHIERNEESM, T EZHATRAFER Tk, g
TR ETE. SRLE, #LREERES. IHEBILBEE - REERTL
FHEEG LUSFENFEGRE LRE S EDRNMEBEE (FLEM 0.1 um
BE umd. BEFENFEROEBIEESBORER OIREKED, Bk EH
X a -ALO; &iFBHI B RIZEHHITHIA.

§2.1 MERFHIEER

BERERNRESB—RAEN
B U TE R 4 BUERE =/ 2. 18
REM 52 BR5TRAEBRER S
WH. 4 BB E FLB R I B AT
2. RSB RATR M. ARRR
HEEBEE . ABERMTRE, Sk H1 pERErEE
RIESBHEBBRH S FAMERF
HERTRERKES S, FEREWNTE. ZRBHREES, TR & k5

BV, BV, =V, +Vy +Vy, BV, & Van der Waals 5| 1#8E, V7 R#dHFH

e

BE, Ve BREAMEAREE, MRS B R R HIX e e 27 18] (AR X
REMNEY BRERSRE.

2.1.1 Beis iz

L P M, GIHREKH Derjaguin 1 Landau! 587 2 9 Verwey 1 Overbeek™
AR T ERRAREXKERER, BHARAY DLVO B, ZHitTE
W TRNRE AN SREEPXR. BRBERE Y pH Ei s b
RETE, FRNREEFEN, AdNEERaRDTMERNRE, WE 1

Pin. 18%& DLVO Eig, #RMBEMRAIL Van der Waals 3| 185V, 53N

RFAMEY; FERAR. FRRRSNERELE: ¥, =V, +V]

12
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%f+ Van der Waals 51 16V, , Hamaker #ESHI AR 4:

~A, 2 2 SE - - Ar -
- H 1 V - — a;:, A
V=Gt t Y)e % H RAH, Al A

Hamaker %% r AT ¥ R AN POZIEIRNES; S=R/r; H=R-12r,
ERIA R EEEE.

NTRBERFAEEV,,, DLVOHBSBFHEARN:

OFR A, X E B (kr>>1)0: VR Hf“ ln{1+exp[-— k(R - 2r)]}

2
@FRL A, B B (kr<<DB: V. = a‘}f“ fexpl- k(R-2n)]}

K, 1k AVBZERE; ¢ RENNARER: o, TR REHER.

RIE 3| S BRI T H e R 78
SRR BB R 2 Fim: B !
R BEERS, B8535 H
B (RIS K, {BLZE 7 R B 7 X ) 14
KEBARE, =~ BRI
AR ME. BEE IR B A R

Born #FEK

/— PR v,

D-—»

RN E

\ 3V,

PERED T LIRBIEILBERN £,
B B E B R T BR KR R—&pl
IR EERE. BB EER B2 BENAESEEE

O, SRR, TE8 B/
{Er-ERE, BEN, Bdi#ETHEIB: E8 R MIRERSE, BATH
P

HRHZRARBRESTBAEREREN  HINREE 5L R LB - Tk %
AR —R/ME, X LB R K DR E B AL, — BB EENA
T IskT. FATRABRBERBENSBRC—Kh o FR, BFERBEN
AR, W0 AREREEAN. ANWMBEERM. RS, MR —BNE: ATHED
PIREAF P BE, FRASHMS A, RIAY pH Mt ATA BBk 5 BT iasE

2.1.2 FE4{LfLEE T IIE

FEA BRI RBIRNE S TEEY, BN TFHHERER N

13
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ERAFRRE, HBENUBENRTRMEE, ERMLEE, RHIEEEHT,

&3 ZrEprAREREE
# 4 FE Az EREREEER

PEAS SR I RE 4 R AR RN B L b, h 3 FToR.

BB ERDTERSYRINEEERERN, REHT/EHTIE Gibbs
H H BT AG

AG=AH -TAS, AH . T. ASHRIRRZRNTIERNBE., BENHT,

REMNAEN: BAG<OB, BIFERRERSE: MAG>0H, 28Uk
REBTRE. mEAG>0, FHRARRIBRESBHE&GFNT:

AH AS |AH|/T|AS| AG % B & 4
+ + >1 + REE I #
i - <1 + W E AN
+ - / + HaRE ANHIER
R1 TlAHERE

KEMEATBRERARTBARPRIREER, FERNLRPHCEE
Wi, B2 AR N0 F e &4 OMBEE TR RN &
ER R B RERBM, ZFREATARYER M AT LR IR M OB FbEE
AR, A —ERERBRKRABRER. —&iAAh, NEFFREELF 10~
20 nm. FUALEIFEEEAINE 4 FiR. MBESEAEREEENELREEX SN
MK FREUTHRPLATEARBHOMIEEER; E_RRURSWRBN
GRS FARBRBER S EUREGHFN RBER. Rz EMEEEN
AEHC A FRE. FEFEESY, W FRAMKR. B, B, BT
RAHER. ROIGHE. RZ_F, tam%.

2.1.3 #R4LFLEE T AUH]

rrrpIfREE e, BREIGBNRE R T —EHHEBNREYS TR, %HE

14
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KIREYDFERESAS B s AR, AR kA BiEz)

ok FERiE, AEREREER. HPEE

AR B B R A . A I%‘ N

W R i (Bl ZE R R R R . BURLTERE
BRZR, MEEMERT, H#EER;
FUBLERE B BT, 25 (8] {7 FELBH 10k S8
£, Wl s PR, 7 ——
w FR# A4 B PNE  RER rt
. RNBEY. BERW. BRRE. B 5 e BE G s B B 4E
ABUAMN . R RSB BB
KRG . BRRAR. ZEELGTYE.

2.1.4 MERIILE S ARE

Secandary

FIEMNIRE M R RNEERER—ENAEIRARI ST WEH
RRMEER. FEKX, FRNIEONTHERLONT, TS, M
EHWRTRE KT K3hee, BEREREHTIRNBERSIEEERWB X,

REXBEESTBNARERNEE=Z7EHEER: | Ni2. NESH 5B E

ik ;

2 FEREEVBRNEERSRERE: 3 pHENRY. 8% BEEI—

BHARE, BN KRBT AXEE TS MEMREXEE, NI daiE,
BRDRRT 4. BREARER. ERER. WEEHSHITHRSRIE.

3
=

it & DLVO EiE R Z BRI E BN, BEGEAR AR (1~1000 nm).
FrLl, Y@k, BdErE. RESFREMARTH. Bk, FHEH
R TRNXEANAAEE; RN ARE B R0 M A%
BZRIAT, URBREFNSBME. HIK, FIHEY pH RSB £ mas,

BANEZENBRF AR —ENRL, BLEPRRE. 85, BEARS

B L, SN ARBRERNKAFRIDEE, B8, 8t SR8 o8,

BT KRB S BN R R, EHETRATREN SRS, Xt

3

H BT EBREEIERY) (Graft copolymen) MIERER R EAY (Amphipathic
block)FEEAZ . B(KBR)RBEMARN T GEEE)EH XM B B &%

A E AR RIERRELEE, RERRKETRNER, B (REB)EE

B

(HE=R ) LM (B )RENE, SENERENEEY, RORER

REAMAER, HTaEHETFEERERH, SRR SBE R

eiaEER.
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§2.2 FRER (PAA) /KEBHIH

M EHEHBERETRHERPRIE, EHEN FREBRERPTIIANEEMER
53 BT SE B &% =B A BELVE A RE DR BRI 93 BUT b . R MG BE[Poly(acrylic acid),
BifR PAAIRZFEMEELZPEHN—MHREBE I EH, EREREGT PAAREL
FIRE R & BRI B, IXERE ARk e PSSR ER
RIRTE, MITECEE T 3Rk ) # R AT I TN T2 RNEEF T B
TiXEKS FRASHABER, RENFIBRESREAER, Bl PAA K
43 B 3B B #% =2 7E FH (electrostatic) X A7 FH 7E B (steric), B EITIX T4 B
TR A #e s A2 RE{E F (electrosteric). B B, X HIFEM 1A PAA H KB ER AR
1 PAA 7EXH AR R IR AT 0 LR AL T IR PR A (absorbed) ] PAA FTA2HI4r B
ERMRANRS, HRET %R RMEXFNED, ATRFRNE
VEB B AR M 4F T AT, ZERME &1 T PAA B9OR MHE % £ 1EFEFP low affinity)
B, XEREFERPHARRARKERN PAA, MAFESFLEE B H(free)H PAA
GF, FHNRATHIBENEER ANEEMALTER PAA. XXt HH
PAA S+ FERBRERPHENEHNHARKAREE, MZBEHHRELELIE
Bk, BIAGEN PAA RERERBARATRNTNL. XXM ERAXREBT
— M AR TFERENAREEFETBETE, HSEASEWEREN PAA BT
R, R EEAERFGFTHRRZIT AN, REHRMERIALGBNMENHTHE
B REIZ4L, XFRESFHF M B H PAA 4 TERBERPATENOES, A
i 50 3 X RE R B B ¥y 1A —PAA 1H B 1E A KA,

2.2.1 PAA KB4 &iTF

LRPEREEHR PAA AER=EHEH, 4 TESHH 100,000 (PAAL)
50,000 (PAA2), # PAA #Z—ZERIELBEFIKIB A H1& PAA K, B NaOH if
¥ pH{H.

Fi pHS-25 B FRE T (LEERNE) AR PAA KK pH {8; L
NDJ-1 BiJES MR (LBRFER ) HR PAA KBRAEMEE.

222 pH PAA KERAARELA T

il 6 B4 F &’ Mr=50,000, #E 4 0.5g/100ml i) PAA ¥EMEEIAE BN pH 1
B xZE. NEPITLIEDREE pH K18, PAA BRI EREEEBHEN
B, = pHIER 70, HEREMERIEEER, 7F pH~8 B ATB KA,
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b WA FHAKREREF 50, 2001 &

EERBOIHMERERD, E

PAA 7E/K FHI B R R Y A

f-CH;— CH: = —+-CH,— (|3H-]- +H
éOOH COO
PAA FHEBEE B34 b S5 AR F2 A 1Y
m, SRERAFRME, HTHEER
A f 38 hn, 4% 2 22 [B] B BE R AE
RERSE FEARS — S EEESE
Ao FAI0] LIS PAA BB P&
STFHREEERARTEN LN EFER
FRIA T, PAABHRIMESRE S
FEAWHFRIHREER X. RE
Mathieson ef al B = 3% & M
Turro et al B % 5% Y6 i 4> k2 %t
PAA B FALTIEEMUBEIMR, &
M5 EERME K4 T PAA N BERE
B, B FEIBHNEERE
mH LB T, FrARE R LD
% pH MERMEIEINE) 7 B, PAA &
EFHIREXE

] B B AR B 3 IR R,

g

Apparcnt Viscosity(mPas)

8

2

g

3

2IE2) 9 s BEIEA HE TR,

11 13

B 6 PAA FEHRIME—pH RILKX R

Fig.6

(Mr=50,000, &4 0.5 g/100 ml)

Dependence of viscosity of PAA solution
on pH (Mr=50,000, 0.5 g/100 ml)

Xz — <

B7 PAARS FEEMBHM NG R SEE

— 77 THI {48 % 40T 6 O R 1k B AR 3

m, B—AERS TEEHNE, By THENERELTENT &S FENYHE

L, AHELER KR FREERT —

EHARUEHERN T, W7, XFHRTFR

AEAKAITFRYE, FrOUSBEKMEZSMEM: X pH>7 0, BREECRER

B EMEZE,

[FlEY PAA SECEARMES, FLUGEM pH BT K. 7E pH

2979 8 Y PAA SRR EE IR B B K5 , SR 4E 18 K pH B3 BN BEZE BT/,

X ] HE R

P

A E pH #4404 8 B PAA MIBARTEE 285 90 %, XBT R4 FEEM

RItEFR R e BE R DA K, ERMMN pH TLURR £ iy (InREFHTF

BELLIERIT), RE ¢ BARTLUSMBREF A,

WEMBIERG T, HNEFREA
F, ERRS THRORBHEESEH B XF
H ™, B FHREEE T SR AR sk H

TR ELRG BE /.

IR RS T AR
FURS i

SRR T RROKSE. i

A2 [ IFR B 5
RNBTHEPEESERKEBR

ra

17
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'—I

LB 6 PHY

FHMERFTURREARNBBVIEE T, PAA HBHIHE
HAMR, RAEXFHEFGT PAA WHREFF ORI MEBHUIEEMN 6 ipm

W%l 60 rpm, E&F pH K4 T BRI EE R B/, R B3 (shear
thinning) 14T 4; 24 pH <6 i, BYUIZRITAFAHE, ™ pH >6 Bf PAA BB

KB ZHILEHE, ZEpH A 79N EATIZRA MR B HHE: £60 rpm

BIVIEE THREBEAEERA 6 rpm TR 1/3. £ pH >6 KIFHR T, BIELEK
Wi, MEEXNPE> FREERE —EHNPRILHOEBREF, XN FRE
BAKE R R EREUVANT, IMERAEFRETERES)ESERS, ¥
T BB S, BRE T B NERPIRaIE: MERUINMERT, XFER
ki 0] LA B Y 1 B 75 In) & 4 52 [l (reorientation), ESE MR/ TEME RIS

BFHC, RUABEBRERE

223 PAA RExT PAA KSR AT HGE %

e 8 &7 pH 75N 4.5, 8 11
F111.5 B4 T PAA (Mr=50,000) ¥
FIXEE (60 rpm) BH PAA KIWR B KA
KAEE. TENM pH £4T PAA BHRE
R AME R R E R N m, {834k
REAHFAR—HEB . 7 pH=4.5 0 8 B,
BWRRHEREEREREZMEN N,
XERSEBRNSEMESBHZHAX
AE—HH. B EEMSFTRNMEX
B HTEXFHM pH &4 F PAA A
P BRI R RN &8 £ pH=11 M 11.5
B, XFERMXREDKE, PAA BH
R —REXREBMB AR FREZN
XxHR, HLEHEB>HEIIFEIZERER
ANAEZXFHFEREFRSET, BREPH
PAA BT COHBFEEREIEA, X
PAA BB A REIEUE/ER BIEH.

2.2.4 PAAH-FEX PAAZARAT M
L

18

Apparend Viscostty (mPa 3)
-5 83 888 ¥ 8

0 0.2 0.4 0.6 0.8 ]
PAA Concentrstion (/100 ml)

8 PAA WEX PAA IBHkE R M,
Mr=50,000

3 6 9 12
pH

B9 RE4FRT PAA BHEOKERE
—pH X &



# ¥ o-AlLO; B RS MAMEHAR P EMAFRRXFREF 120, 2001 F

R E R 2 F 84 100,000 # PAA EH KT A S5 8K 50,000 K] PAA
BARIAT RAEEFLL. B 9 HREBA 0.52/100 ml M4 FESHH 50,000 F0
100,000 (] PAA % ¥7E 60 rpm BIBI VLR T HIRSERE pH (0L KX R T ULE R
BIFh T BH PAA BB E —pH B X REXRMEAN, AR R ES F pH
T PAA 7+ FRECK, PAABWHRIIEEEX, XEEAS>TFERBEA, 478
B P A Y AR AL X BN VR R B Y M K
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§2.3 a-ALO; BEBM B EHR

231 a-ALO; &F e &idsE

S  EE AR 2 4B lum, Sum, 10um, RBHGM PAA HSER
E B4, 2FES515 100,000 (PAAL) F1 50,000 (PAA2). H AlLO; ¥1E. PAA
H—ERFFKES, REEHBEER, A NOHRWpHME. 7BAEE
BAMEMF ALO K AKIE (dwb, dry weight basis) RFETR.

A pHS-25 B FRE W ( LB FRAAEST) JBSFHA pH H; LI NDI-1
RIGEEERE B (LR PAEE) MBBFRBKMEWHE; HREBRBATE
Eoh, JE— R EEIRERER 0%GHERRPHRAER ERERZFEN

232 1E ALO; | PAA BFIRBRRT ALOs BV HUR B = m

HEALBR, BTFLFEIRTEXRR %
MO BRI RIOFE, FURETAKE E”
MEHEERMREN LB 10 RIEERE S5
% 0.1g/100ml F 02g/100ml # PAA E “
(Mr=50,000) ¥ MATFH9RZY Sum &
] ALO; 3915, ZEWRE X 0.1 /100 ml KT PAA T 10
BT MATERRN un ) ALOBHER T o
BEBMHERE ALO; MABRPXEHE Alumina poveder mass(g)
(pH=9) . AT LA B PAA BIIDA ALO; ¥k B 10 PAAWRIFIAK ALO, &
B, BITHATH R RSE A B AT mﬁﬁ’fﬁﬁmw
b, EERMEE B8 LT, BIAK—H -

EE S BN ERERESBEAgNMRERK.

—4—-0.1 % PAA+ Sum

—-0.2 % PAA+ S un

—8—0.1% PAA+1um

EMA ALO; Mk Z 8T, 02g/100ml £ PAA ¥ & BIK B (76mPa )&
0.1g/100ml 4 PAA B (38mPa s)IPHME, 1 223 MBI AER HIXR BT PAA
MK Bt R BRI R DIMAFHRAZA Sum B ALOs MK fE, BAREHE
FEVHEREZ WD, 3 0.1g/100ml PAA ¥R, HE & BLAEE 309/100ml &
B RMBER/ BB/ ME; A 0.2g/100ml ) PAA WHSRE, HESBEAE
60g/100ml BFEBAERMER/ IR ME, BEERTGHEFHEHER. XHAE
PLARRT TP B0 PAA S, AR/ RER K ALO, HA/PAA BB RAE S

20
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£ (30g/100ml : 0.1g/100ml = 60g/100ml : 0.2¢/100ml ). iX ] LA & HAEE 54 ALO,
¥raIAZ PAA BH (B 112) J5, BB TERTPH PAA (1) ¥k
SELE (F 1L, BEREFERIE PAA R BRD, BERPNAERR
FIRE “HE” (free) PAA, T AT BIFRAERTRR/D, BERMREYEE
RERTF“HH"PAA, FrUB T ALO; BHAMA BB MK T BERPH“H
" PAA E, BHBREOMBMZE/: (2) 4 PAA BBRE PAA JLFEx
SH ALO AR (B 110), BFHMEARR/ M. EULFHEHBERZ
BB/ DR EER ALO; B A/PAA LLRMAMN, X—LRE BT —FiF
B PAA TERARER RS TRIE: (3) 3 ALO; BBHES B4R N (B
11d) Bf, BEET/LFCEE BHNPAA, THERAHFTEBERMERE
PAA, FTURERNHEEE S BN MmYA. HEESREMGT, EFYH
122 5um [ ALOs B4k £, PAA BORARIRN B 0 0.33% dwb. 7ELH ™ KT 244G
FEBEMEHEMESE, ERTRIETARRE UWERIB A HN,
R RE RN R RE.

(a) ) ©) @

B 1l PAAE ALO; M4 LR A BN T RES
(a)PAA V¥R, (D)PAA ILHR, (0) ALO; ¥ ikSE£RM PAA, (AT ALO; ¥k

7E 0.12/100ml i) PAA B P IMAFIIH 2 lum BIHARES BN B & B 6
ZUXRRE 02 g/100 m! FHHOTEUAERBEMY, FRPKLRQ) lum BB EXT)
¥ B MER B & B/ BIZAH 72100 ml, 3RS lum B93E L, PAA i
FORFI R 1.4% dwb, XARE Sum HERFEM RN S . BRELERHRY
AARS=6/(p-d)(SALRER, pHFE, 4H01B), XTREEN lum

1 sum BHARLERTAIEL R 5:1 MR R, BTLURARM B MR 5:1 MXE.(2) &
EREBMERKETRR, lum $H2E MR BT RN E Sum M iAZEr
AR ER, ZTHREST tum BHE2 MNEEL Sum BA2 AKERE A

1/2
B *Eﬁﬁzd{[ﬁ;%z—) —1}"‘” (H ABTFZIMES, dh8THE,

e ARTEEE), BTIRHBRROKERRIE, Mle BFHEHFL,
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it lum 8 d B FZHH Sum 6 1/5, FUEFIBNE tum AR F L Sum A E
AN, ¥R lum ¥ PR ZE A AR BT B RS B L Sum BB ZERATR RN RS E K.

233 pH At & ok A AT 1 8 B

i 12 £ 100m! #9 0.5¢/100m1 350 1

I PAA ¥¥ (Mr=100,000> fIA 10g =300 ¢ 709
FHRAY Sum MEKEREREN E20 | 193¢
BIPHMBB AT RIELRE. | RE
55T LUt BIR AR pH HO0E 3 [ .
KFS PAA KRB pHAENR £ [ eonm wnond |
B 6 dEFERLL, BMEMEM pH K1Y , L i eS|
MEBHER, BUSKEFHREHE s 71 9 m 1B

4, FE ERBERHRR . HET "“

N Y 2 Us— B

0L 85 T DL B AR B b A‘;m‘;ﬁf&’ff%‘&ff”ﬁ%
WIS, EEM R R T R

IR B, pH 7 O KEEM BEMKTRER N, BRI RS
RO LR REIAR, BERIORERA TS, KT EEY
BT AR A I . RITIEEIN ALO; BT R
b pH 03 H 5 R SRR TR BT 0 EXFRR B2 L PAA BB R R4 B
I BT B R BB pH SR/ TS A M, X R B pH BUHIMT, PAA B4
FHENERE, BHERTREN PAA MR GRERNE, BN TRT2E
KRS, FURERANEENRD: M oH SEMMLE, EEREAHTE

FRPFEERRNON , ERATRESEAREHERER, BXTEER

FoRs AT,

B B 2.3.2 KA RIBUETEXER 7 BRI & R(5% dwb) T, PAASR TR
TR, REBOITAEERRT “AH" PAA S THTR, FUELRNE
B PAA S FRIGFET, BERNMETAS PAA KEBMHET BAEF AL

234 Brdst ALOs B RASE AR e Hrh

L0/ 13 7€ 100ml 0.5%4) PAA (Mr=50,000) BH RN 10g KB40 3K
lum, Sum F1 10um KEALE] EHIBHBRROMNER pH HELXER. hED
AR HERF pH NEFT, RERERANESMASLER SRR ZMRE
th, ERmIABRARASRK, BERMMESK, HRER, MA 10um f5HE

2



Fo¥ a-ALOs B ke SRR HIR ®EAFHARPAEFHRL, 2001 F
90

HISIE RO BB K, TUMA lum KR
IR BAIR B R

d
.

i A S4B R E R P R4 B
FIE& R (5% dwb) & T, PAA ¥ TRIZE
HBE, BERAROKEIERET HH
PAA 4 FHIE; AR AR ZE, &R
R A, AR M8 A\ B F R B B B 13 N ALO. g
PAAATHAE AREMRNABPAA S o s
FHIBMD, FRIMERRE. AxhH
BINXFHRR 5 B EELR PRI
M HARR, BEATREIS R, 9]
BMAROMERK, AFEERETRR gu
i

—— PAA+10um
—#—PAA+5um
—8—PAA+Ium

Apparent Viscosity(mPa »)
Y Ys2 8

—
(=]
T

e

7 9 1 13
pH

DS BRI BT A & I
B 14 TOEHERREROTRE 7 e
BEMEHAMEUXRRERSG, S50
12—, (IR BT SRR g
BEMAMERBIRIHER. BRMA B4 TEREH AL Bk
10um I EULER S BIRBEERK, (B —PAA BRI B5 pH X
KB TR R RA, X R B TR
T, B AN R BT T AR W, B R R MR AR T UL
FMERR: 3T lum F Sum (MK, BFRQLEDN FUBTERGTRE
B F 10um B, EIA Sum KMEE BPROTRELDA tum fHE
ERPHNVIRRE D, XRHTEIMMRT, BB NEEL T 9
RBIEM, Sum BEHERRE lum BENBPRNEAF UTRRE D,

235 EH A TR BT A

AZBRSEFIMARTHASBEER, FHEHREY 03—0.5um HEL
B 10wt%RBFR, SFBFIMARESHHBO0, 1, 3, 5, 12, 20% dwb,
pH=0. A& 15 &Mk HA SEM B . BB 15(a) ] LUE KM BH B E
FRTFZARTLSH FEEFHENEARAR, KOEARBEE sum; H9#
FEBREH 1%, BEUREIMEARG, BiE2 MEXTLHE, WE 150);
DHFAERA 3%H %A AR BRI LR AL, BHih2 (@) ek A FFes IR

23



¥ -ALO, B SHAREMAR b EAAFHAKRFHEFERL, 2001 F

SEMERIED 1%, BETREINEARKE, BRZRERTEME, W
15(b): A HFIE R 3%F S%EDE R B AL LA R A, otk 18] s A FF
IR, ERARELEMFBROERENES, WE 15c)d): Z5 85
SRILE 12%E, BESEERARIRR, EERTREMBFRSE 15(c)d)
Rl TESRUEHABES 2 HFEHERARE, WHE 156): A#
FEBRIET 20%E, BMANERERBEEIBIERE, RAFHEES
HAERFH—MADG, RELELSE, B 150).

() @© ®

B15 ®ErBEA, 2R
(a)0: (B)1%: (€)3%: (d)5%: (€)12%; (£20%

24



=¥ q-ALO; BF A SRAREHRART T EMFRRCEN 480X, 2001 F

AFEEL

3 N I&ER[Poly(acrylic acid), ik PAAIRERE T ZHEHK—FE BER
SRR, TEREEMTT PAA B EWREEAREEH A MBAE, XERP
AT IR B 7E o P sk S e v 6 B A (A RO R T, AT 238 T ¥ Ak 19 Hr e AR 1L T 4
MTHERFZENERBRG: AT XER>TEXSHABER, (2R T2
BRI EIER, Bk PAA K52 BV B BL A # &2 /E H (electrostatic) X F {7 FA/E
A (steric), B BIX 7 BUPLIEHR 4§k o5 A7 BE 7F F (electrosteric).

EETERHAH ¢ -ALO; RERP B EIREMH. HARFR PAA KB
IR EIT . (1) PAA SR EIRSEERE pH RGN &8 KEwA, pHAE 7-9 EEA
BLARIE, £ pH AN S IEBKE, XEHT PAA BS FEPNE FHEETY
RNT 5EHK pH HEZVIHEX, WERMTHRS THUEERT —EHHL
FIEERKRL T Q)EMEMSEME AT, PAARBRNEESKREERHE XE;
BERMERG T, ATERPEFEERS THOMEIER, BESKEENR
HERNTURFR: QONERPFERE PAA KR, PAARSTEHE, PAAB
TR FE R K .

B REA T AR TFEANHRBERIBLTZE, AREHE
MER PAA WHHE KR, HIRAKBEKMALBMNMMROREEFFROEWR, X
HRESEFHNEMBH PAA 2 FEREBRFTHENEM. (1) PAA BEF A
ALO; itk JE, BEBARKAE ALO; IMARERZES B/, MK BEE
FRZHEEERRT “BEH” PAA R, JMAR ALO; 18 PAA 2R E
B AREF LB RS RF R RN F6, MAK ALO; B K42 K/
HoEmX— B/ EENERERRRENRE; QFTRPAARNEFEET, BiF
WHIHFEST ABRT B H PAA 4 FHIAT A Q)R PAARNTEET, BIFHEK
WMESHENERIEL; (4) X¥ITRZHN 03—0.5um FIEHERE, 2EFE
B 1% dwb B, BESRBETARE, S0HEENHERNTLSBARKN™
£,
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£ # L #
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FE=H BN TREREHSEHERERISR

§3.1 BN TRERERN

3.1.1 EFuFEAENS

RIFHNFREBEREZFIBEEFHEMIKEEE (slip casting) TEK—
NRE, NESAMEIHE EHITHREE, BB EARE AR REE
. EXARREERZIBEFREANRERNIZEE, RAERFHREN.
SREAMRNENREE (BENTFHRIENRAER) o8&, &L
—EZRFRBASESEF, YHERMETHNREGEAHES B, EXHAERE
RAm T —ERE—EFEEMRERSHE (dispersion layer). BIFEIEHE.
BIESTRAEEE, TEXSAERAGI—ERF—EBE. FLBE. fLi2
LR EARE (consolidated coating ).

BEATRBEREZTIHERN T ZREWE 1 Fix.

BENE —
. W55 pH
K — +

B

XEE — B [

BEEnX

B 1 BREFRFEEMEERN T ERE

27



¥ =¥ ELHEFREENE AN TARM T EAFH R RS20, 2001 F

SHesI&FERL, BERENFRFEHEIIEEBRRS MBS A
—. HlIEFHEEERERHE. BAER, ARAREILESHSBEFRTFEVIHX,
HERBFRENSHREMEREN FAIHAEENARLANER, BILES
HE,;, —. BEEERK, =. TERE. #EHFE, 5FIDkikEr™; I, B
B, AR . HFXEBREBARER. AR ER & %0
. . ZTHBEIMEZ MR, STERZBH, FLIEZMEHE ¥R
W RBWMEH. BAiit, BFRFRIFERE—FTRE LTI RER
i, EHBREATR.

bl

3.1.2 % 3L E AR LR A ik AR AT ALE]

1. EHKAEBE (capillary colloidal filtration)

RAEE. IXRENZGEEME R
REOBREE, AFENBAERIE
SIEHTRAXEENRRBOFEE -1 O7:T

A 2 REARZSERERBR gjfz-/

) , L ST
3, MEAXREIHFRRERESATE O 770017
B, RERSERERTRM, B a b
P B3 46 S5 (R 0P T AR ARIE B o 2 BAMERRT b RAMEAE

M2 BHARESEERRER
B3 REXEULEARSBENRFENMEERIEE. REARK

. 2APt
Po K., (o ¥4
t
=2Cl_[2]
n

LIRE, AP EHER N, r¥REEARTHE],
nBIBBHEE, o RERESR, o,

HAEESR, IXHELRE, K

XMBBER, CHE

B3 STifk LR mos R

2. MPBURE (film coating)

28



# =¥ LF8EFE5ENE RSN AR b RAHERARXFHRLFEHL, 2001 F

% 4 RERGEIEERNRBRRIEE.

AU R 24 ST SR S TS o
i F 32 SRR AR D FE R E R b TEL
—EM. BEXRELHEMAR, LA o
EMH IO B AR D . B S

SRIEEERRRB AR mmEA. R
BARXh=Cy"n*® , hHHEE, v,

“Tolut wadl

HRBIEE, nhkE. B4 WEENERRY

29



Fz¥ BFETFEAENEFRAERERAN b B A K K E ML FE 0, 2001 F

L

§3.2 PRI MR

32.1 MEEHRAEF

BHESAREHERBE A FHAART. REMEYHE (PlnFak
MEAEYMHE) PR TE. XEE-EAFAZE 0.1-10.0um HEREVEEE
M, ET W EETHINTE. S TXERTZHEHNMARERRTER
RERES AN KRS NA.

H il O — I SL T RN RS AT RIE, BMadwm T,

(1) #S¥: (Bubble pressure breakthrough)
i Bechhold f2HY, ETRIEFERBEEAHKAIBILBERTERES.
(2) KEBILBEET (Mercury porosimetry)

XRBWEEN—FELTE, ERAFEFKE GEREBEE) SAXRTR

T, XHAEEENRSBRHTERBPEARS MM, 2FRNS

WA A— MR AREHFEMNBRAFEIE, 8F—2/KEKE

REERTP .

(3) BHREEE: (Solute retention challenge)

TEEIEHERS TRLMNERHENE 2 7RO EMEREN L. BF

LRAEHEHETHEHRER, WEER. GRETEERISG 8. R

ENAERBRERLEFSET, —RERERKRE. BBRERETEET#

1T -

(4) BFEBRMEETE (Electron microcopy)
LM T EMBARTHTFARKENIRESFEE, W SEM, TEM, STEM,
FESEM % . XN 2HA R K BB R 2B TRkIL2 S mAFLRE.
(5) WBffE(Adsorption-based methods)

HIT R /BRIER XML MR E T Kelvin 512, XN HEEKH

T i _ LR T R RRE S PH _ LR — & PR EZ B Rk

#P, BET RERESEBHEELPHANAEERA T REKRRER.
(6) #FL#: (Thermopormetry)

X Brun EACRNEI A —F e, ERBBXENTEX, BRSEAEILSF

MRRNEE SR T HBR RN FRAMSBHRHGT (DSC) RE

5 BRE3E 3 Bt EA R0 .

(7) ERMEEIE (Permoporometry)
AR EHERELFRESPRE AR E R HEL PR
#, RNMESEETRAAR. MRMEH Kelvin TR

1
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F =¥ EFBTFERENERAEE LR o KAFHARKFREFL0L, 2001 F

. XE—MEFRBER, THEREEER.

(8) NMR @i (NMR Measurements )
Glaves 1 Smith 18 T REZ#I KR (NMR) HiERER#E KRR
B, XFp A —F 2 ML R HE, BRI AR FLE JLAT
SRR

322 HUREILEZESH-——-; BEEABEE

m
Lz, BRARA ) KEAIN
Bl 5 WMIERALES MR AENR—IRES

BHFTHK. AU
HERAr FEBYHE T HBE

B, BHEIKI Ap AAp=2ycos@/r, y AMERIREK S, 0 RhEMA, BN 0.

1. BRAaZERHE
mE 5, BAIEHEBREERT

XHBH r(r, Srsr,, ry AE/D

rHAP)=27[AP s T =27/ ADpuc s Toux =27/ DD

LR

2.8 MR

P 3R WS 1
AWEEAE

1 2
4? — SRR

Lo g}

6. 2Rt Wit

B6 WMRENAER

BAENREENE 6 Fir. B
R iR Bk, BRI RETL
AR TR, PRSI0 AE & =5 B AU /Y

K7, BEEHRESES A, B, T

—
L -
T

B,

Volume Flow Rate{ml's)

59 e . L -
T T T T

BAr,, =2y/Ap,, FIBRKILEESEIT _ . .

FE, B A EW remirees
B, NLEHEITF, HEEKF B7 REIR 2 i
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=¥ EFLATRAEMNEANBMTERRR ¥ BHFHEARXFMALF40I, 2001 £

Ap B FLBHry, =2y/0p,, BBRDILERITH, BENENSGHRESE

EE—WBAMNKRMEXR, ZFETUBE —&HBBENNZLRRE (KA
2®). REHEERR 0, EFNEXNBRI—FREHEESIRNZLEE FRAT
%), JEEZDITERKEEN, BT/MLEKEITT, AUREELAREEZETH

WENBER, JEEET A, 0, TENEEAENER., —FARKN TS
—B &M ZmE 7.

2. SHEZIANRAPREHEELR

SEE—EEEAp TEIKAI, LEHr HERNER =FFEHILH:

O #A[ESTTFHPFNBHEBARDTEAEERINA <<di, S&HsirR
R TETR BN

@ B8RS THIFNEBRBACKTRATHIRIMA>dN, SERIFTR
% Knudsen § £

® HEASTTHRHFHEHESERATERLLEN, SBRIFR T ER
3, IXETERA MR HE Knudsen §#Y

1 kT 1
Hpi= » PPRES, d,ARF
3\5 p’ d:. ?

L

%2, kA Boltzman # %%,

T AEE-
ERERALEREEN, ST TREPYEaBREDNTEREEER, U
ERBRP IR T X EERMERS). M TKER, R rWEAT,

7 Ap MEEHN T, M 7 UBERRE NIRRT, A0
B ¥4 Hagen-Poiseuille 52!

3. HAEEIELE b
A. BlE&E
MERBPVBREARLEABRREKRRBE, JLANETHARREESHN.

WA r-dr Bl r GCEABNALHEBSE8A Y (dr, Y3 E SRS

WS RPREZEA Ap &Y, &Eidr-dr 3 r WEANFLOSAERHE S
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FZ¥ EELFREEMGERAGMEMAR T EAFRAXFREFE0L, 2001 &

dQ = qf (r)dr = ?—4 Apf ™ (rydr ,
nl

, TP (e 4 o
BB, Qap) =" L [0 (e

, az dOD) O mp(er‘ ~2% .
% A 5, 783 - 4
O(ap) 3t Ap o " ap e\ ap) Gy )

L E A () gai)_g[Q(Ap)]}@p)’
KL, BB MRE S () [Ap itp) | C

N Q(Ap!_ﬂQ(Ap)]] (4p)’
TR AR () [ " dde ) C

; st F s Q(ﬂp)_é[Q(Ap)]JAv "
iR AT (r)-[ ) _dlotolile ¢y

WREFAERH LN, HBABUEAKRE OAp)BEEZE Ap KB X RBH#T
e (FXPHRXHARAYUE HENIL TG HESE B LS (cubic spline
smoothing)'"), XMUESEHIMEA T ATLUKBIHRE Y (), f4(), fF ()

CipLip

]

B. EflZk
C S ER A, NN R rn=2y/0p,, EENR Ap, B X NS LR A

r,=2y/Apy s .....
() BFAARIMEELES LT ELR
(2) MR Bl r, ZIEAIK AL H B TREERARBHIR, =, +1,) /2 IFLKF

BT, EFRIEREFER—RINALBLHAR,LR,, .. . HILARE), X
LI E RN, N, -

R, R,
+N, —%-
81l Ap, 2 8l Ap,

7R’ _
(3) O =N, _ST)_IAPZ » O =N,

87l O 8nl
N, = 774 L, N, = ’74 g 9 ) e
ﬂR; Apz ’sz AD:’. APZ

‘y\R”th'“ ’ le Nz "'{?Eﬁm‘uﬁgU}LmﬁEﬁﬁEﬁr

o]
N

JE a] k18
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L mBRMaEr G ETE.

3.2.3 6.5 ki B
1. &

1 55 5 B e 3 SC 0 78 B i M3 47
B4, LU B M FL AR 5 B B
Z 8. % E RGBT 4 T L
EHABAHEEUEE N HER, T
BB THILE 2.86um H3 H FHILE
2.19um BEX, R HIEXILGHE B - .
D, BRI AR R, PoreDismecer (um) |
F B F I RE LY E FHILAX B3 WE-EE-REN T E
b, AT OAEARL . MM
Bk, RATERLILOBE A% NBNREAERER, RITEXLA
GRBNA: TILOERI RN FHEZ AN R

=
]

-
-

-
-

-
L 9

-
]

Pore Size Distribution (um™)
-

-
-

2. ERNE
5 9 RRELEAINKESHES o j » a5
SRR, TROPRE T HRE )
BMEER—RITLRLHNR R, o B 300 |l binnbane
7 LWl |
FLEL ALHY Rl' =27/[(M|+AP2)/2L H & E:: H'I Tn.h—“—k_____J

Pere Diametar (um)

9 T LLE LA B BB TLR M |
EAMF, BELRRASAMGEN, % %° Wllllﬁﬁﬂﬁ%ﬁfﬂm%
BEREREXH.

A 10 FIKESHRMENEREY ||
WH. ERRREN . BAREERE é
WELSTEEA BRI ETLEHN L |
&
:

H. ERARESHESFE, W 10 R 5 iR,
Lk, el | M H-ﬂ' 1

BE 10 TUEHAEEFE 1 F 2 B85 Pore Dismetar (m)
10(a) MEBEAHHHE
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MELTSAEREERN, ZEBTENARMEEEEUTER. HERE 1 BT
XATHE, MUBTRINEERSHE.

g * i = E v _,j_j
R Ful AN |
Beot A B B ‘
- .ﬂj Loeoe “._H |
Pore Diamster (nm) Pere Diamoter (am)
B 10(b) HREGTHHE & 10(c) MmBMETHHE

HILmARERTUEH, 2MAMSERELEBRNILRS M
REXHR, ZEBRAENBXATHRAKNERE, REELFEAYERIEM LK
AR, HRGE, EREAEGEE, MEXAMEYEEM, MEE HRTH
SRR,
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§3.3 HARERE LR T RN EELERER

3.3.1 4¥} PAA - F 0¥

ERHFRZN 0.3—0.5 um Ma-ALO, MR IMAERE PAA 4 EGHAIMAEE
K, BRE—ENEE&RBa-ALO, BIFH. XHENELRZEHHY, XKARE
K SREdl&a-ALO, MEEE, MEEREITERTRARERS.

1. SrEas TR EFE s BEERNRE NN

H 11 £ s HRAATRN
PAA (1500, 2500, 3700, 10,000, 200) '\ — |
100,000) {E4r#FIK Iwt%ia-

ALO, BEBMI S RENEEN
FIRIL. X PAA TR
1000—10,000 2 8, BiEW
) & TR G BE (60rpm) & 2 %7 38 K 1000 10000 100000
t: FRMESTFRE 1000— Molecuar Weigh

4000 Z A4 E R R B8N, B 11 BPRORS B AR R A R
54 A T B 4000 B2 AT RORIRR

10000 B, BIFBHHERE
Win, 29T 20 £5: ¥ PAA
SF B 10000 #mZE 100,000
B, BiZ kR RS AR .
b E Ay, B A I R 2
5 EHEMNTBEBRES L
EHEN, XESHENERE . | I,
RE—HM, 5 PAA FTRE e Moh;uol:%vaght oo
1000—4000 FZEALAT, HEHE B 12 BORRAILERES RO TR
FHAOKERRBRNN, R LTS
BEEMB DK, HEEET

BANMRREHENM, KEBHNSTREBHER D IERM.

-y
[}

4
©

T
o
@

\. —0—Viscosity
—8—Sediment |

-
(=3
o

[<.]
(=]
.
o
<

(=]
>
Relative Sediment Ratio

Apparent Viscosity {(mPa s)

——g—0
0 o a

£

7000

8000 __

w
ry

5000 %

[ 2
-
\.\—"" - 4000 *
€
E'\n L3000 E
x

o —P—Pore Size ]
—®—Flux 2000 i

L)

Mean Pore Size (um)

2. SRS F RN IR R
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FiX 5 HoTEF PAA FIBNEFERSTRERE, XENILRZM
HEMRIENEREWNE 12. HEFTLESH, 3 PAA 2 FEE 1000—4000
Z R, BUARHNEREER /M, 4 TRE 4000 £EHBEHBEEI
BR/A, BEMASENOSTELSSHBILLTERNH A,

BRREMANTBREHRAN
B 13. B 13(a)(b)(c)7 31 &
H4afF&SHHA 1500,
3700, 100,000 B4y &5 &l
BHENEERE, TUF
HES5FENRN 1500
100,000 B R RE M H R
HFHBRAEELIE, T
REDHAERNER, ARG
2RI R, AR
AFER 100,000 BT
B HARIEEHE, AXKE
ZEIEHRRILAE 4um, X
S5ARREEEYE, WR
B 87 T R AT DA R
BRIHARBHEE, XoF
BA 3700 B4 BOAIR U,
BHRERTFABMUERE

13 AN ERAE
‘ ) (7 TR 1500, EE; (b)2FE 3700, FME:
., BREUEHERER.  n7R 10000, £E: @FFR 10,000, %G
SFRA 2500 1 10,000 18

B RS HMEMT 4 F B 1500 3 100,000 BHER.

HMEAKNEBRARTUEN, EFZRMEFHT, 48NS TR
PRGRBAFTHRTFZRB S8, XA EF PAA B4 EHYLBRR
B. PAA (i TRUEPMERES THAE, BRCEAARE, Thxs
R FZRENBS S, FUSHERRE, NFZRAF—EHHAE: PAA
MATRELIABRFS THIK, Bdmos FHIERTHEE~ESHA
B, MEBREE, SHANBRNLREREK. BN PAA Kit, #
EE-TMSEMATRNER, EFLRNEMET, PAA HFRE 4000
ERUBGE, XEXBMPERNIEROS FREXZ—HHN.
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332 oM EAFHEH

EEHRZ SR 0.3—0.5 um Ma-ALO, B A E B K4 B PAA Fn7&i%
K, RE—ENEERBw-ALO, BFH. THENTERATREHENE o-
ALO, &, RAREN TEREHE-ALO, MIEH, BRmiEE 520 BEH.
M EEEETRRTRABEREE.

1. SRR B AR E A

100 100
—v— 5T wi% A —v— 57 wit%
% —A-50w%h | @ A= 50 wit%
g —e-Bwih | & y O 3Bwik
3 -a-20w% | £ ‘ S R 20w%
z
Z ol ; ]
g‘ 0 g 10 "w-/,r‘
> ?_’, o
E .’l"'.—._—_—-___. g .ﬂ'l". '.r. P
5 g g —t" -
11— . r . r 1 . .
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Fig.5 TEM photographs of Cey (Sm,,0,, powders
(a) calcinated at 900°C; (b) calcinated at 1600°C
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Table 1 Conductivity(S/cm) of Ce,sSm,,0, 4 electrolytes

& FE 600°C | 700°C | 800°C | #E{bkE MR
(kJ/mol)

FLHTEE(1500°C) 0.017 K. Eguchi et q/”!

Sol-gel(1400C) 0.005 W. Huang et a/t')
[E#8 & ¥ (1550°C) 0.01 820 | G.B.Balazs™ ~—l
48 R M(1600°C) 0.09 66.0 | H.Yoshida er al'

FEITIE(1500°C) 0.041 [ 0.088 J. Vanherle ez afi™

FAEE(1350C) 0.022 | 0.046 | 0.073 | 556 ALux

St AR REEE(1350°C) | 0.018 | 0.046 [ 0.083 | 67.8 A
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