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Abstract

Global steel production has grown to 1.8 billion tons, and the importance of refractories to
support high-temperature equipment is increasing. As a result of investigating R & D trends in
refractories overseas, universities and public research institutes in Europe and China are actively
conducting basic research on refractories and application development in cooperation with
refractory companies. Education in undergraduate and graduate schools and training of engineers
are actively promoted. Large-scale research programs have been set up with various financial
supports from the EU, each government and several foundations. Recent topics at international
conferences on refractories include development of high-purity, high-functionality unshaped
refractories based on MgO and SiO,, evaluation of thermo-mechanical properties of large lining
walls, basic research on numerical simulation. New technology development and application on
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measurement, analysis, and evaluation were presented.
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g g4V, K=F2 K (Instytut Ceramiki i
Materiatow Budowlanych: ICiMB) (Institute of
Ceramics and Building Materials, Refractory
Division in Gliwice, Poland)

1951 ARV W EREE BAT F 780 2%, 1953 4EI2 7 ) 7 4 =
ORI EFZEFT DS, % LT 1954 SEI2F R— L O
SR RIFFEITASRR AL ST ze 2010 12T > 7 ) — b EZENF
JESE L v 7 —=2b Y, T I v 7 A L EEEMETSEET
Elpotze 7T TIIHT A LBEMERRM, +R-1LIZ
MR =T ) Y TN, 7)1y 2 SR

H A& # 8 B W #4155 (2020)

FIDHEAES Do 7T 27 7D AGH BHAFA KRS TV T+
DILRRFE R EDFM Y vy — L BB IIBR R RO
EEFE 7OV 27 M EERL TV 5,

356 XL IR TERY VT F AR TFR
(YKpanHCKuUin Hay4yHo-uccnenoBaTenbCKuii
MHCTUTYT orHeynopos um. A.C.BepesxHoro, AO)
(Ukrainian Research Institute of Refractories
named after A.S. Berezhnoy)

1927 FEIZRL S, BN E ORI L, iAo
KRz z B L L2 L R EOMBR TH 5o IR
HFREH, 7 TV OFEMED S O K AREIZEHF S L,
SR O PSRRI HEICEB L 720 E DR, 3T 5 LA, Y
Va=TRk, sunBitY, 7 Iv I AT AN—RB
L OREIEM KW EORFICI) MLATZ, TP OYREE)R
B ZHsEL, R TEMEORMZHEL TW5, Pr
EHIEN) T T TH D

3.6 ZOfh, UNITECR2019 THZXRI h=ifZHEE
EXR L 7-tEE

University of Leoben (Montanuniversitit Leoben) (4 —

2RV T)

TU Vienna (Technische Universitit Wien) (4 — A ~1) 7)

Technical University Graz (Technische Universitit Graz)

(F=AMUT)

University of Bonn (Universitit Bonn) (¥ /)

(1)

(2)
(3)

(4)
(5)
(6)
(7)

University of Poitiers (Université de Poitiers) (77 > &)

Imperial College London: ICL (/£ 1) &)

Kingston University: KUL (1 ¥1) A)

(8) University of Exeter ( F1) Z)

(9)  University of Oulu (Oulu yliopisto) (7 1 > Z > F)

(10) University of Coimbra (Universidade de Coimbra) ()L
NAV)

(11) University of Minho (Universidade do Minho) (:K)V b 7
V)

(12) McGill University (777%")

(13) University of Connecticut: UConn (7 X1 /1)

(14) The New York State College of Ceramics (NYSCC) at
Alfred University (7 A1) 77)

(15) University of Sao Paulo (Universidade de Sdo Paulo:
USP) (77 ¥0V)

(16) Argentine Steel Institute (Instituto Argentino de Siderurgia)
(TNEYF V)

(17) Seoul National University: SNU (5[%])

(18) Yonsei University ()

Semler? IZLAUXT A1) A DOKFIZBIT LI KIWEEIC
BAL T, 1960 FARICIX 14 KT 14 DT T T AHHEITL
72705, 2013 4RIZIE 2 KD 2 70 7 7 L ETHRA L T b,
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4. MEREEOXY NT—7

WO KRR eI, //\B@J@E?flﬁ%)%m%‘/f%ﬁjj
2T BE D%\, UNITECR 2B B LDIEFRIC
AP IRE R T ClEIMER L TB Y, iKW "\ﬁmﬁ"‘
¥, PBUREEBICEHBL TV b, KRFEICBWTYH, $ER
KEFBAEDM K Z 5t G e LT — < B2 SE) #A
TWh, AARTIE, KFIZBTBIKYE O
IRELRL o TWVALALEES>THBRETIEHLWVWETHD,
ERENE R ST 2 B BRI A B A D E B R &S
bo I TIHEBIMNIBI BIGERETIEOL Y P T =21
B LC, UNITECR2019 33 L O EEE ZZ 1 HIRT %o

4.1 TAOME, BEICFEYT 2 EEERE FIRE
(Federation for International Refractory Research
and Education: FIRE)

M K55 B TS 2 AR 5 X O3 (X —71—,
2= —, ZOMOY - AMIEH) OMREIZ% % b 7 —
7T, REBIURBOIFEFHHETHY, HFERIC

TEHIND, BEIIA //\—A%OD/K\E’@EJJBUB&E@#
BE Y (P

FAMPER L L Cid, BlEE, TR
TWh,

- Montanuniversitit Leoben (4 —A 1) 7)

- Universidade Federal de Sdo Carlos (77 V)

- Seoul National University (i#[%)

* Wuhan University of Science and Technology (H'[El)

- Ecole Nationale Supérieure de Céramique Industrielle —

AT 10 BERESS L

Limoges (77 ~ &)

* Polytech'Orléans - Orléans CEMHTI-CNRS (7 7

- RWTH Aachen (F A7)

* TU Freiberg - Institute of Ceramic, Glasss and Construction ( N
A7)

AR IEERY: (HA)

+ University of Missouri-Rolla (7 X 1) /1)
F7o, TRL TV AL TRUITR T,

- TENARIS Siderca (7 V£ > 7 >)

- TATA Steel Ceramics Research Centre (1 > )

- RHI Magnesita (+—A MV 7)

- IMERYS - Minerals for Refractories Imerys Refractory
Minerals (75 ~ &)

- Kerneos (75 ~ &)

- Elkem AS, Materials (A7 = —7 )

* Almatis, inc. (7 A1) 77)

* Pyrotek (7 A1) 77)

+ Calderys Center for Abrasives and Refractories Research &

v R)

Development (7 >~ &)
- Alteo Alumina (75 ~ &)

- Saint Gobain (77 > )
- POSCO Techincal Research Laboratories (¥ [)
FIRE O FELRHWIE, kDO V=T 2 HET
HZETHY, WKYDOT A 7947 VaehExEibT 5
2, BHECTHIMIED & AT K San & Z 5, wxaEt
Fk EHTELEVIY VT OBERNLEE L, <
WFI— NP =37 07T 4% U CEBEZ ik 2 72 FIE
7ffgel koY — 7 L% BIEL T\ %,

42 MKMZ 1 =2 T DEE LB~ ILF T —
WEFTY 78T ~ ATHOR

Advanced THermomechanical Multiscale MOdelling of
Refractory Linings (ATHOR) #5320 DTH Y, KD
V= Fa)-EHH L= 7 v T —7 (aMarie
Skfodowska-Curie Action European Training Network—
Innovative Training Network: ETN ITN) O—Ei & ALl 5,
ATHOR (3 7 A HIBERS & 8 R/ S— b — 2021 %
T, EEE, FEY% 70y 27 b ThHY, ATHOR % v
T —=21&, KOS, BEICET 5 ERSER (FIRE)
DA =TT F 7L, WL F L —= Y IO/ A
BRIl T2,

7 AT & T RRISR T

+ University of Limoges (77 ~ &)
- AGH University of Science & Technology (7R—F >
- RWTH Aachen (F 1)
- Montanuniversitit Leoben (4 — A N1 7)
* University of Orléans (7 7 > &)
« University of Minho (ZK)V k77)V)
- University of Coimbra (ZK)V s 77)L)
8§ R/ S— b+ F—%IR7
- Altéo Alumina — Gardanne (7 7 > &)
- Imerys Refractory Minerals — Villach (4 —Z }1) 7)
- RHI-Magnesita (4 —A 1) 7)
- Pyrotek Scandinavia AB - Ed (A7 = —7"V)
- Saint-Gobain — Cavaillon (77 > &)
- TataSteel — IJmuiden (4 7 > %)
* FIRE — Montréal (%7 5-%")
- Safran (75~ )

ATHOR #» P77 =27 ® B ML, WEMOET) T
i & FEBRBAN & T KW A S CRZE L, MR #H
TREBEEOBEVETE L E% Hig3 o MRS X Uil
Yial—Tarop®iIBirsrz =T )T )

0y —OFEYEELE LTEY, XYRETEREREORW
KW= A4 =2 7 OFEHIEN T

)

4.3 FTEELDOA
FIRE, ATHOR P44 T UNITECR2019 it am LD #FEC
LI N TV E SO 2 51T 5,
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(1) B4 v EsEE (AF)

(2) R A HmIREF AT E (BMWi)

(3) B4 Vif7elE (DFG)

(4) & —A ) 7 HITBUFIC £ 2 B8R
(5) FRM3H A 0> Horizon 2020

(6) HEIEL. HARE M OEZE 70 Y = 7 b
(7) HEIRE 2 GRS

5. MAMOMEREDREDER

UNITECR2019 IZ8F 5w L FE D S B 2 i L 72,
MEFCIIAREM K RHE C, WAETH 245 EHIRR AR
THREICEET 2L, BLU MO ® Si0, FDIFEE G
P L7ERREO B WA E RN K & BT £8P AL N
726

REE O TIE, ARBEAIL AR T KT ORI &
0, INEBERCHIC BB & 3 B HCHKRA B 2 AR L Cli kW
OFFER Ex i 720

A e F2 80 0 B TUIAK R FI K D R FE Dt E S i,
YT Iv I AL EROWEE EbERLEWR~Y N v
7 ZADOMBEHE, AT AT LAOMALET, KEEHIM,
HIlBR L C b i BE B O R 722 ) - % - 72

i KW % REVEERE R & U CER & 4 1208 L TR o 24
FRME, R R L L C oM ie, BELICHE ) BAEIR IO
BAEMRAT, 32l —3a VEFNATTRTHY, Nz E
PRICEEBE 2 W 7E 3508 <t S 7z,

KBy OWPERE, AT, FFICRE L TRz i THL
NALA T D EIDERE STz,

51 REMMAY
& 1 IIIAE KB L CRRERWHCCH 2779,

5.1.1 Mg0 RAEMMH A
MgO DIKFANS L BHIR T IV —T 1 b EFH, Bik7ot

ADMEETNA =L LTENT A Y M7 —#EE
DB (A-1) R MgO F ¥ A% TIVDINA v & — AR L
TWwavA7ay ) s &b s, Gl MgO-Sio,-H,0 %
INA V=% UINT A2 LT, BERREE, FEVE A
I ESRLHBIEDOSN TS (A2), AT
i K BT, MgO DRFEZ IR KRFEIE S 27200
FE RO BRSNS,

5.1.2 Si0, NEFM A

B Y ) A R VT F v A8 7OV B HET AL
BT EICLY, BHERBLEEL T, BEOHEANA
MREOEY > FROHMEREEED AL L T w2 &
PSS (A3), BEAER~A 70y ) A xERE L7
RNERIRBBE 21T -720 YV ViEZRBEHE L2 A b
TV—=D 9% HDF v AY TVHBHEETEL (A4),
T — 7 AR EIRAVIVE 72 R S ) AN O B
HIL TV 5, HRC, KA KPR M IRET W25 L
T, AERAL, 7L F v A b, BB LA ST\ b,

51.3 REFMNAMICH T DR FHIROHR

AR T TR & SRR DR 5 2 % 5B
Bt s, SHMRFIEA Yy —ay 2R, BREL
RFWEHAA R ST (A-5) o MBI TR R TR & 32051
R % VSR A2 TR N B L, W M2 Es L
ToRER, WA RHL -0 %S, BN E M8
N7z (A-6)s

5.2 WigE

3R 2 (I LB L IR RO 2R S,

A 7O HEED ALO-CFRIZB VT, fllERRETRN
VDR Z 720 Fe O MM LY, < by 7 A
Wp-HAT7ar 2L, S X OB BB % 0
FEAERFR AT L L 72 (B-1)o

£1 AEMHAMCETE REY I X
Topics for refractory castables

No. Title Author
14-B-15 Assessment of a New Magnesia-based Binder Concept for .
A-1 IMERYS, Paris, France
Refractory Castables®
14-E-18 Optimization of Magnesia Castables by Introduction of Pre- . . .
A-2 K . . Wauhan Univ. of Science and Technology, Univ. of Exeter
synthesized Magnesium Silicate Hydrate”
A3 14-E-11 The Influence of Crystallisation on Thermal Shock Behaviour | RWTH Aachen Univ., Ceramics Research Centre, Tata Steel,
of a Fused Silica Refractory Castable Concrete® IJmuiden, the Netherlands
14-E-12 Newly Developed Low Cement and Cement-free Castables
A-4 . Y P P-D Refractories CZ a.s. Czech Republic
Based on Silica”
14-B-17 Splintered versus Cubic Grains in High Alumina Castables— | Hochschule Koblenz, Forschungsgemeinschaft Feuerfest e.V.
A-5 Part I: Examination of the Impact of the Particle Shape on the | at the European Centre for Refractories, INISMa, Institut
Explosion Resistance® Interuniversitaire des Silicates, Belgium
14-B-19 Splintered versus Cubic Grains in High Alumina Castables— | Forschungsgemeinschaft Feuerfest e. V., Hochschule Koblenz,
A-6 Part III: Assessment of the Failure Tendency in the Wear Lining of a | INISMa Institut Interuniversitaire des Silicates, Mons,
Modelled Steel Ladle Using the Drucker-Prager Failure Criterion” Belgium
HOA B 8 5 i HE415% (2020 —16 —
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FT/TNIFOMMCLD, BEREFHIAIRD CA, CA(
DR B 2 LIS L) BRI S L, I A R )
RIEZm L L7z (B-2)o

5.3 {RxFEM A

3R 3 ITIIMp SR KB L CHRZR OB 2 7R o
TSI AE L6 LTy Kb o je 2RI R ST
Vo, BIO—HE TI-MAX (8Lt T Iv 7 ADOHE
i 2 72ALE) FINDERE K7z, #iRE LT TLAIC,

DIRALB KO EAER L 72 FUR CO RSO 2R L R{L %
S BRI B SN, AT, R RICHE D B

bEEEI NI (C-1)o

MgO-C\ZF /=R 2z, 7=/ —VEIRORILH
FEIZBUT 5 Ni B L UG8 Al OflElE 2 5 L 724581,
MgO 7 4 AN =R AT 4 Ad—%FEE L, BAHEE
TUGEL, WOENREE, BUET TOLML, WAERME L

ER72(C2)0 T/ A=KV TREETTT7ANT T

AERML, BN v =Bz 4 A —%
%ﬁw%%%vay7x¢:éméﬁf%ﬁ%ﬁié%
B FEIIDHTD S IRES ST 7210,

BRI B SN AWM A I N T A V=KL
ADIEBERT VI T T AT TINADEBIE LTz, ED
INA U F = AT N E W, 180T THEULHL 213 B EL
EFAREDOBEM A E % 7R L7z BB 0T T, Bk
ALY DENTEREZ R L7 (C3)s

5.4 HEMAEE, BUERRAT

R 4 (TR, FfE S 3
THEIREHCC B %2 7R o

etk 288l & 257 I % 7R 3 SELE AT A AR T d S it K
PIOWIEA N = A 0%y IaL— My A7zl BEHEHR
7 (Discrete Element Method: DEM) & L7z BEfFO&,

1

YEIZEL

L—v3

xR2 WEEICETBIIEY IR
Topics for microstructures
No. Title Author
15-A-11 Effect of Catalysts on Mcrostructure and Thermo-mechanical . X
B-1 . . Wuhan Univ. of Science and Technology
Properties of AL O,-C Refractories'”
B 15-A-21 Mcrostructure and Phase Evolution of Corundum-Spinel | Wuhan Univ. of Science and Technology, Zhejiang Zili Corp.
Based Castables Containing Nano Phases'? Ltd, China
®3 BRFMAMCEATSIIEYIX
Topics for law carbon and carbon free refractories applied to ultra law carbon steel
No. Title Author
14-B-16 The Application of Ti-Max Phase in Low Carbon Refractories . . .
C-1 Lo Wauhan Univ. of Science and Technology, Univ. of Exeter
and Elucidating Its Related Role'®
14-C-15 Improved Mechanical Properties and Thermal Shock
C-2 Resistance of Low Carbon MgO-C Refractories via the Catalytic | Wuhan Univ. of Science and Technology
Formation of Nanocarbons and Ceramic Bonding Phases'¥
14-D-18 Refractory without Carbon for the Production of Ultra-low L. . . .
C-3 Usiminas, Brazil, RHI Magnesita, Brazil
Carbon Steels'
R4 HEEEAEE, BESIL—-2 3 ICETBMEY IR
Topics for thermomechanical properties and numerical simulations
No. Title Author
14-A-14 Numerical Modeling of Wedge Splitting Test by Discrete , L
D-1 . IRCER laboratory, Centre Européen de la Céramique, France
Element Approach: Flat Joint Contact Model '
D2 15-D-2 Discrete Element Modeling—A Promising Method for | Federal Univ. of Sdo Carlos, Univ. of Sdo Paulo, Tata Steel
Refractory Application'” R&D, IJmuiden, The Netherlands
14-E-16 Modeli f Nonli Behavior at High T t f
D-3 oce 1ng‘ ° ‘on feat Benavior at High Temperature o Univ. Orléans, Univ. Tours, INSA-CVL, LaM¢
Refractory Masonries Without Mortar'®
14-E-17 Th hanical Modelli f Refractory Mortarl
D-4 ermomechanica Viodeling of Tetractoty MOTALess | yniv. Orléans, Univ. Tours, INSA-CVL, LaMé
Masonry Wall Subjected to Biaxial Compression'”
Univ. of Li IRCER, Centre E ¢en de la Cé i
15-C-11 Thermomechanical Behaviour of an Alumina Spinel .mv © 1mf)ges, o7 en .re uroPeen e.a eraml]que,
D-5 L Limoges, Univ. of Poitiers, Institut Pprime, Univ. of Orléans,
Refractory for Steel Ladle Applications®” . .
Laboratoire de Mécanique
15-E-17 Matrix Design in High Alumina Refractory Castables—Part II: | Forschungsgemeinschaft Feuerfest e. V. at the European Centre
D-6 Assessment of the Brittle-ductile Transition Temperature and Ways to | for Refractories, Hochschule Koblenz, Institute of Ceramics
Influence It?" and Building Materials, Refractory Division, Gliwice, Poland
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WreZEL T, ~7aAr—)VTIfkMELT Iy 7 20
MetEz®h L etk HHL 9 5 (D-1).

HES SR (DEM) (X, PRI OAREREL R L, Ml
% ZOEMP BB AE DT B R S B0 FERE L
T, BETNEY Y TERRRT Y v IOWEDFERE T 90%
A LEPMEERRL, OB EDM K ORI 5 8) %
fEIAS 2B 7%y — Ve ), ANERI K ORFFE G H
LI)AZEaHFET5 (D2)o

TSI O 272 H L A DSELERI TSR C IR ORI
ZE % RT . ZZTl, BNM (Bingham-Norton’s rheological
Model) @7 1) —7HIAEH L CE A IR T O€ TV
b2 f7o720 HEZEHOY I 2L —2ary CHEPL,
FEE R TORMICNT 25D EZR L2 (D3),

SRTCEFEME T, 22 H M BB ORI ZSEh | 2k
LA OMM, HHOEEL T 57201 SN
7oo FEAEROBEEGEHPRAIHALON, BEHD/ Y —
MNEALT B720, EREAFETIERIEE 2D, Btk &
MR EBORESLEFROOES L) LHEL 2D, W
KA R ZETED AT % (D-4)0

TNV IFAERNVE KD %@ LT 1 =2 7 0%
FSM BT B i & BRI O R E 7OV OFERAS
HIYT, 1200C CIMIELBE ZRL, BLEF DY > 73
DEALRE AT ) Y AFEOTEIIT I—AT A v 7 T3
Tar, BEM, —EREERS T T DV RO
xR, UNBROTTE, BRSO IC X
0, TEEEEDN S5 (D-5).

Eimy oy VAT MAEIZ X D& T IV I FAETN
KYOWIEL AN F—%FH L2 ¥ b))y 7 AT, &)
T2 AL T2 9 5 & iR CIRIE T A )V F — 25§
BIESA SN, EinTOAEIM K O IEPEL KR
WdbL#EZ 5D (D-6)o

5.5 BITE, B, MM

R 5 (ITME, AT, ETAGSEICEE L CEIRER V- HOC B &
R o

il COMKP OV E 2152572012, 7T V4
FEOWMABRLEZMAGDEIRET T 7 VG

(Integrated Digital Image Correlation: I-DIC) % — XG5 |3
BB L OEM 7 ) — TR RO L LTRE Lz o
FEEEFI S L E R BB A I T E, D7) DL XLk
FEEHFCE L0, COHEIEETHS (E-1)

BAR A 7 VEMETTY Y 7R, BNy ¥y 7, BX
N7a—AF 4w 7 L3Iy gl - Tl L 7ok
R, 7370 AERNKFOENPLNF ¥ A TV,
Bl C & ) BENRERE I R R L, IS IREAIRE I OB
W&, MEEEELET Do ¥ v VRO
M BVE IR E B % 5.2 5 (B-2).

SEMBOS & AAROZEAIL, in situ NS IX—= AT ML T
YU A A=V Y7 (HSRD 2L > THFZEE N7ze BEildicB
\F % HSRI 23BEE ISR O 72 D50 T 72 — Vv TH Y,
WREMZT TR, VPEOMOMIETE, SHICELS
WX TELZEHFIETHS (E-3)o

L—&—f5751%, FERAE OBk % B BRI MR
W9 %, RNEM K ONENAED #EEK, KFKEFEDE
BEIRLRE D 5870 2 UL K OB % FERIE, FEHEAL TR T &
% (E-4)o

6. BhHWIZ

(1) WM B B RFERL N FERRE OB INN% {, iE55%
WZHIZEBR3E 2 1T > T\ b RAY, 7TV AGRHLIZT
FIUNELED, BMNTLGEELTBY, A1, HH
LEOBEE E 21T, BB LIZEE il T b,
SRR REEENPHEL TETRET LI — AV ES
, WHRBOWEZE 7 5737 CIEHE D551 1k T
Wb,

Q) HENE, %< ORFTHRKYOWIERFEICH) HLA T
BY, FEHOL L, MiREMOTIENLLE L\, H
FENWZE iR L L CEEMESEOLNTBY, i
MR ZERT IR 7 A = > 7 il o TaEmfset v 7 — 4
bEESN TS, SREIERE IR 4E, KA
FE (BRI DAL S &) 2500 5 b > E L oS

BT, KB ~OEHL A DF NI 5EI % b D
LHEbIG,

(3) KER AR ZER B BT 2 WFZERI SN I 358810 72

=5 BITE, Bh, FHECETSREY IR
Topics for measurement, analysis and evaluation

No. Title Author
16-E-4 C Ch terizati f Refractory Materials at High

E-1 reep . aracterization © . .e ractoty ¥ er'la Sat g Univ. Orléans, Univ. Tours, INSA-CVL, LaMé¢
Temperatures Using the Integrated Digital Image Correlation®

B 16-E-8 Alumina-Spinel Castables under Thermal Cycling Conditions— | RWTH Aachen Univ., IRCER - Univ. of Limoges, RHI
In Situ Characterisation® Magnesita, Leoben, Imerys Aluminates, Paris
16-E-14 Hyperspectral Raman Imaging: A Powerful Tool for Time-,

E-3 Space-, and Temperature-resolved in Situ Studies Using the Example | Hochschule Koblenz, Univ. Bonn
of the CaO-SiO,-System*?
16-E-15 Radar Based Investigation of the Decomposition of Hydrate

E-4 . . . Hochschule Koblenz
Phases in Calcium Alumina Concrete®)

HOA B 8 5 i HE415% (2020 — 18—
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TRENPEL L, BREICBWTITHERME L ThR S 9) ibid. 14-B-19, 2019, p.81-84
NLEZATIHN LTS, AM - BL&ETH —M3E 10) Tamura, S., Ochiai, T., Matsui, T., Goto, K.: Nippon Steel
THIRMBEOETERYRELWVEDR b H L LR Technical Report. (98), 18-28 (2008)
Jo 11) UNITECR2019 Proceedings. 15-A-11, 2019, p.254-257
(4) UNITECR2019 (2 BT B KipFHiffro#hn & LT, Bk 12) ibid. 15-A-21, 2019, p.293-296
REMEAR BT K OB %, KIS RO B o 13) ibid. 14-B-16, 2019, p.69-73
728 O BB AR R 5T O ZE 8T 78 70 &S Hh & |2 14) ibid. 14-C-15, 2019, p. 109-112
HEOHENTWAB LKL 72, 15) ibid. 14-D-18, 2019, p. 162-165
16) ibid. 14-A-14, 2019, p.23-26
L ERVAEIN 17) ibid. 15-D-2, 2019, p.464-467
1) American Ceramic Society: Ceramic Tech Today. March 22 (2013) 18) ibid. 14-E-16, 2019, p.198-201
2) Semler, C.: Am. Ceram. Soc. Bull. 93 (2), 34-39 (2014) 19) ibid. 14-E-17, 2019, p.202-205
3) FRIE  ahJIEEER. 52, 87-96 (2009) 20) ibid. 15-C-11, 2019, p.419-422
4) UNITECR2019 Proceedings. 14-B-15, 2019, p.65-68 21) ibid. 15-E-17, 2019, p.605-608
5) ibid. 14-E-18, 2019, p.206-209 22) ibid. 16-E-4, 2019, p.896-899
6) ibid. 14-E-11, 2019, p. 178-181 23) ibid. 16-E-8, 2019, p.912-915
7) ibid. 14-E-12, 2019, p. 182-185 24) ibid. 16-E-14, 2019, p.937-940
8) ibid. 14-B-1, 2019, p.73-76 25) ibid. 16-E-15, 2019, p.941-944
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