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Reactivity of CaTiO3 and CaZrO; with Al-killed Steel and their Stability under Coexistence
of Carbon

Wei Lin, Junji Ommyoji, Akira Yamaguchi, Masanori Ogata and Eishi lida

1 #E

1ZiE ) ANVHEORIEZCaOME M ER E Eb T 5b, FRUE X hDCaOAAIF IV R & FUS L TH
W2 CaO-ALORDBAHDE L, BHEPONED D E LI KB b72DTH D, CaOHRMIIAF LR TVOT,
BAETIRCaZrOsA L K HWHNT WD, LA L, TOMBEIZMEIENREISA 5, FBMICREIKE CFL
LI WZrONMTEM 2 SEE S B HENH L. Tz, L) BV ZAVHACaOOMEDRFEALEL o Twh, K
WZE T, MENZALF IV P (IFH) %W TCaTiO;D A & O FUSEIZ D WTHE L7z, £72, CaTiO & B
DREW % 2 HHOFMEA T TMEL, RELFE T TOCATIOND LN % M7z, WIED /-0, CaZrOl2DWnTh
RIRR 2 & AT 72,
2 RERHE

TRDCaCO;4, TiO8B L VZrOy8y ¥ —% MEFEE L L, iEDE (CaO:Ti0y,=1:1, Ca0:Zr0,=0.97:
1.03mol) TiMl&H, A, Wl BOEB L OB (K&, 1600T x 5 EH) % #%CTCaTiOy8 & U'CaZrO bR % 1F
BLU7z0 BMEDRISERTIE, ArFHAT T300g0i % #M L, 1560T T60minfREFS#MER AL (6 x 6 x
60mm) % 10min#Zi# L7z, o psid [C10.003, [Si]0.01, [Ti]0.02, [solAlJ0.05, REHFETOMMAERTIE, &
PEAERZ 10 um LT F T L B S & 75:25mass% D IR TRA L7z, 2gDREYW (BK) = BB 0I1FICEAL,
ArSEHAR B L RO AL IRE TS Lo, B Ao a1, B0 Z04MIlicHh 5 7 v 3
FTHEDFET VI FALOMEERET, 20Xy M2 KRR TR L 72, MEIRE %1000~1600C, RFFFEH % 3
B L7z,
3 BREKUEBR
3-1 CaTiOgb KU CaZrO,miatl & DRIt

EBE A OSEMEE B L UEPMAGH#HRZEK 11277 . CaTiOyn &1, HRIZALO, CaOB L UTIO,%
@8 ALOsY v F (Point B) B LUTIO, v FOM (Point C) AVAEW LTz, AEBAITH A OIZIZTEMAICTERM L
TWwb L)l SN, CaZrO,d¥E I, KIMICCaO & TiOEBEDZrO4L (Point a) 225 7% AfE (Hf) 2R L
Tw7z (RIBOZIOMIE b & DB RIZFIEL 7 b 0) o RILIIEC20-ALO5SI0,Zr0, TiO% MM (Point b) HiE
LTwize COMIEMICABVIZOY), RILOEKIIHML TE 53, SEMEED L ZOMEELHATE Z2H
o720 BEHIE U7z ALO;O BT EICEMF Osol ANRIE L 2 & 2 5 b, ALOsx &iedilid, B & BEHICH
fik U7z 7p o 2B OAEIC S L 72720, BIRTIHBHETH Y, BHENICL > THENRE L. B L OUS
IZDWVTHE, CaTiO TEES (1) A EZ 5113, ALOY » 75 L OTI0,) v FHIL, AT TOALO,CaO-
TiO,RIBAH D IR L 72,

(TiOZ) iy cario, 9y TAI=Ti+ (AlOg) i, (aL0,ca0-Ti0) 0 (1)

CaZrOsTid, FUE(2)0#F 26N b, Thbb, 4 U7zALO;, TiO,B X USIO,ECaZrOM HCaODKE 5 %

WL L, AlO4-CaO-Ti0y-Si0yZrO, R DA 2 AR L 720 MM O LR B 7% <, F BN DZrO B EE AN
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Bz, BARIZEM L T2\ ZrO, (ss) BLIZE O R\ 125k > T iz,
(ZrOy)in Cazr0,(9) FAIFTi+Si—Zr+ (AlyOg, TiO5 Si0y) iy (AL,0,Ca0-Ti0,$i0,2:0,) ()
+7r0, (ss) (Surface layer) (2)
ZrO,(ss) REB DB & Y CaZrO, & Bl OB flips R &, THIZ X o THHOEE IS IZEP TS o702 L
26N 5, CaTiOgl A TIOREEAER L 2o 720, KIS (1) DHEDH L, F 72 @AHNDOTIONEFEAK
EVZEIZEBLEEZOND, TNITED, CaZrOslZH~RT, CaTiOgldAIF NV ML IE L T D £ DA% 4
BL, FMAAEOERMKE Y RIGEMERTE, ) AVHAZEBIEDHEN LY RVHELEZON S,

Point A Point a
Ca Zr
Ti
, Ca_.
Col Ti Ti
Point B Ti Point C Point b Point ¢
\ Ca
Al Al
si zr
Zr Ca
Ti . Ca
Ca Ti )
cah Ti Al ca Ti Ca
CaTiOs CaZrOs
Fig. 1 EPMA analysis of CaTiO4 and CaZrO, specimens after submerging experiment.
3-2 WREHEFETTOCaTIOH KU CazrO, 4
DEEM 2|
ﬁ%%ﬁ?f‘@CaTiO3ﬁ X UCaZrOsid, Ar o | Ingraphite powder
SRR H N TI31200~1400C DR 2 & REE 2| @
L&Y, RALW(TIC, ZrC)B L UCaO% &M & @
[o]
Lidto, aOFNmaRE (B2) &Lhes % % | @ CaTiOa(s)+3C(s)=Ca0(s)+TiC(s)+2C0(g)
572 BERBAREINEL TIZTICIZ1400~1600C - . @ CaZrOs(s)+3C(s)=CaO(s)+ZrC(s)+2C0(g)
OEDHERLIZ LD, ZrCid1600T  THRK InAr
EF, BAFEEE R L —B LTV, 0
= -12 L L L L L N
4 %S 1300 1400 1500 1600 1700 1800 1900 2000
AlF NV FEEDRIBIZL Y, CaTiO4zilid T. K
Aly05-CaO-TiO A DWAHDHE L, CaZrO5i2id Fig. 2 Equilibrium partial pressure of CO gas.

Al,03-Ca0-Ti0y-Si0x-ZrO, R D WA LB T 5
EEFIZ, ZrO BB ROREB A Uize RELF T THOCaTiOd & UCaZrOsD R EMR I EBEAF OCOFES X
U{EEL:E{I@O f:o
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it A 2% B Bl 5 3 R BT 22

(3) —EEVSERBENFRIOLT)—it K DR
fi] 1L R OFEBA— IKHE— NBHRE HEREKN
TLN T K BR BL (BR) 3z -4 Mt 7 Iy 7 AR E PR
Development of Cr-free Refractories for High Temperature Incinerator of Municipal Wastes

Koichi Igabo, Shinichi Sakida, Yasuhiko Benino, Tokuro Nanba,
Motonari Fujita and Akira Yamaguchi

1 #E

—EREENITII Na "R KR EDTA IV A F R0 ClT R EDTNAI Y LEERBA A
BEEN, BETOBEAPIIATISICIVFERERBLVWEREZZ TS, BLERIREH
FIZTE ALO;-Cr,Os R AN ERA ENTWAEN, AFICEEZER "2 ER LT WVE WD
MERH D, £ T, AMRETIE I 0 L7 Y —HETH D MgO-ALO; RAERNLVDRT 7
EDRIEHEICH T B MAKEN L Zr0, MBI RIZ DWW THRE LTz,

2 RBRAE

FALRR bE 23 E L bE T MgO /a-Al,05 =30/ 70, 50 / 50, 70 / 30 (BLF M30, M50, M70 & #3t)
S HIZZr0;, ZEZNE N 10vol% 272 b O (Fl 21X M30Zr & &FE) ZIRE KB E, 1600C,
1R Le, £/, MEBELTCRO:EFET I v 7 X% 10Cr,0;-90A1,0; (mol%) D E|
ATIRA - jE#%, Ar EBEE T T 1500°C, 1BE@IERLZCLT Crlo & #:) . &3 e
FEERFCAII/IERAREZIToL%, WHEAFHEBECHEL, BERZHE L,

3 BME-ER : 3
B1ICEREEROEBEEZRT, ZrtO, IRINIZ X Y M5S0 & Without 210,
EBEENEAD L Crl0 &I1FIER UE AR LA, M30 P l—cr0
WML, M70 XL Lo Te, 2T 7R ER#E OB
X2 Zr0, ZIHRM U WERE LD RN L5 :
BHERDOFENRRZ TIIELFAELTCWABERE S, Z Sho e
NIE, ZIO, BN AZ JICEHTAZ LIZE Y RT THEMR - -
—tﬁ Lf: f: 25?) & A:%‘ %‘_ 6 j/b 5 ° 0'020 % Mgl;Oocon::ntlns:gl% 7l0 %
XRD &V, FMEHIIIA ER NV OMIZ, M30 THT /L Fig, 1 Relation between wear
TR, M70 THENY 7 L— 2R RERB SNz, ZrO, IkIN depth and MgO content.
RE TR IV ERRIZIERDD, BRI, EFG, S FROVVa=V 2R L,
M50Zr DBEBREDED Lz DX MS0 okt LEERTEERRES EH LA LTz, Zr0,
DEHIZEDAT THED LRIZL YV, AT 7ORBVRHESNTEALEE X DD, M30Zr
TIE, ZrO, 12XV ALOs KL FDOREENIE S, BREAKOLREBEBLELS Loz DIC
X?fﬂié%ﬁﬁﬁ%<&ok&%26héoitAMO&MMhKaihéN@Ni
RIRDOARATITINVRBLLTVEVWIREEZH > TWAED D, BEEABETEZLRE L
Z2zbibd, XPSPEMAR I VM LT, BREEOHEEREYOEEE L MERMEOHEEIC
DWTHEMRNFTH 5,
4
50MgO+50A1203 (mol%) MK D EERBEIZB T, CrEFTNVI T LIFEREDMA T J
BEEMEEZETHIEBEEERTIZ N TE L,

AW FE O —ERIXM KB BT = 2006 FEMAYH R RIC L VITRONTE b DTH S,
X DEARETIIvIZAHE [T IvI7ITEANVRT 2] 2/ EH]L

T

g
=3

-
o

Wear depth / mm
5

o
o
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(11) ALO,-C B k@R LT= AlSIC, DEHE

[ 17Xy 7 25 i 4R B B ORILFZEZ RUAFER WLDOHE
Effects of Al,SiCy Added to Al,03-C Refractory
Yasuhiro Hoshiyama, Junji Ommyoji and Akira Yamaguchi

1 #E8

A OHBEFEBERO—BEE LT, M-C-O-NZLLAWORFNZED T\ 5, AI'Si-CHED
Tk AlSiCs BERERMLAEMHE LTEB S, HERED O T WD, HHE TIIRE
ALSIC+ DEAHRB L OHAM~OBEABRFTZED TEY U, 5 EX AlsSiCs % Al203-C Eifit k¥
WHRMLUEZBEADOREITONWT, SIiC LB L TR, EE£%1To7,

2 zgf{‘fﬁxjﬁ o 5 L O Y7 5 B 2 5 Table 1 Composition of Al.0;3-C bric;rlzasszlu/rgples
BE&HE Ar FEKH,1700C X3h TR L T No. 112 13
BERE(SPS)H % AV 1750°C X 20min O MEASEKH T _ 0.8-0.3mm 5
BEARE S, ML T 0.8-0.3mm A DR & H T, s -45pm 5
Al203-C BEHZ AlsSiCs 5\ i SiC HMB L O ALSIC, 0.8-0.3mm 5
WIRIND b O % ER LT (&), FBEBKE R 20um >
U712 200°C CRULEE L CHRBUB L LT, Prenoeresn s
3 HBRLEER 15 £ 60

AlOs"C HE ZBHY . | S —#=No.1

_ N 2 13 | —%—No.1 —O0— No.?2

RPCELERLILED 5, | —0-No2 B 40 | —&—No.3
AESAErENUCRY, 0| " 5wl
ALSICs 2 HEM L b D E 9 |
HEEERLEbICEL £ 5 10
=MEFL, 15000cH s Lo L
fit &V 5%IEL 2o 7z, 0 500 1000 1900 0 500 1000 1500
FrRESEAL@E, e 16 , Temeersture 16
RREOELOBSHR 7 camplds after hoating. | samplas after hosting.

Do (E3). SiC &

AlSiCs DI EAL Z TR R, SiC Tix()XNo#E%E
LIRS 1400C LA E CTE L RICETERNFRD biv,
— 7 AlsSiCs i 1500°CE TQR)RDOKIGBN A FH EIZHEA T
BY, LVIREKSE CREAMKGOEITERD bk,

400 |

300

Average pore diameter /nm

. 200 |
SiC(s)+2C0(g)=8i02(s)+3C(s) ... (1) —¥—No.1

AlLiSiCa(s)+6CO(g)=2A1:05(s)+8iC+IC(s) ... (2) A I

4 ﬁg 0 L —t . 2 1 n 1 L Il
Al:O3-C M E~D AlSiCs DEMEZHE % SiC & th#E L T 600 800 T‘°°° 1200 /10400 1600

il Bfi =xl < G R o e s = emperature /°
i}ﬂi \tﬁ%’ AT 1 7 T Tﬁfﬁﬁ.ft}iﬁ}ﬁnﬁ_ﬁ L. R4 Fig.3 Pore diameter of Al,0,-C
RAKW, MEHK, [ILBE N E VST /ERABRRD LN, brick samples after heating.
Xk
DEWLRE, BUFER, WOHR Wk, 59[8] 151 (2007).
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MEDEG S ALSIC,DRFEFICEHEIT S RIE

MILE Iy 7 BN IREME  EILRE LAAER RBAFER
Reaction of AL,SiC, with Different Particle Sizes in the Carbon
Yasuhiro Hoshiyama, Akira Yamaguchi and Junji Ommyoji

1 ®5

Mk DFRERFERREO—R L L THAERBOBRTTEZIT>TRY, Al'SIC ROFTIE
ALSIC4 BPRERELAEWE LTEBE SR TS 12, ZRE TOMNND, REEFM AMIZ AlsSiCy
EWMT DB AIRSICERMULIESE LY bRERZBEMDRNIBOND Z L AVHB LT 39,
ABIETIL, BIED R D AlSiCs & B L M HEDELRABER VT, REPFIZHIT S AliSiCy
DEBEET OV THRE Lz,

2 ERAE Table 1 Composition of Al;8iC4-C samples
ALSICakKIE, &8 ALBHR (—T5um), Si T T T T T
MK (—4bum) , =R T T v 7 2ERE L Flake graphite —150um | 70 70 70
THERMAKICRES LzbD%E R —21 I T 10h 0.8—03mm | 30 — -
B Lg%, Ar FBKF T 1700C X 3h ogepr | AWSICh | DImmodsim L — | 90 | -
175 HETHEB UL, B AUSICHFRER [ ronsiresoroed 15 T 5 15
B 7 AVBERETHRESERERZERLE Hexamethylenetetramine | 0.5 0.5 0.5

%, B, RIAE1T> T 0.8~0.3mm B LV

0.3mm~45u m D AlsSiCy KL 245, TN ERCROFERE Lz, B 1 OEEMEIRS, B L T 98MPa
THIE L7221 200C OB 217 o> THRFE E Lz, ERLEZRE 2, EHMBICER L THE
IREE T 3h NS 2 BLBEAR 1TV, ERMEOEIEMRXBEF TR, £77, ALSICol FiF
BEORIGKRIZ SEM BLNEPMA #HWTHE L,

3 HREBLUER

B 1 TR ITTBERE O Rl 2R 9, AleSiCy D ISIZE B 4 5 72 12 Graphite D B — 7 (34
BLTRARLTH D, No.lid 1400CETIFE A EEIDR R OHNT, 1500°C ThTHIT « -AlOs
ESICHBERK LTS, No.2 Tit 1200CH1 5 a-AleOs & SiC AR Lig®H, REN EHT 3
WZE> THRL, AlSICyidEd LTWS, No.3 TIE L VIKE®D 1000°CH 5 o -AlO; & SiC
DA LAY, BELEF L EBICHEBICERLTWS, ALSICyIZERBIZHEA L, 1500CT
FIEHEE LTS, BIEKTIZH 9202 AION (AlOsN7) DA bBED BN D, £/, W

—@— AlsSiCy —0O— «-AlsO3 —A— SiC —C— AION

% 100
Q
Q - i
g 80 | .\‘\‘-———‘\. i
> I s
s
2 60 | -
& i No.2 | No.3
§ 40 No.1 | L
£ | L
£ 2 | .
A
£ o —F—ﬁ——ﬂﬁ=—=ﬂ£ : : = :
600 800 1000 1200 1400 1600 800 1000 1200 1400 1600 800 1000 1200 1400 1600
Temperature /°C Temperature /°C Temperature /°C

Fig.1 WMineral phase change of each sampies after heating.
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NORLE, BEIZBWTH ALCsIZER L TWaW, LLEXY, REFD AlSiColThIZE /N
EVME CIRIEE 2 S RIGHEIT L, T a-AlOs & SiC 24/ TH(DR)Z Enbnb
Al4SiC4(s)+6C0O(g)=2A1203(s)+SiC(s)+9C(s) ...(1)

B 21z, 1500°CHEmMREZEOMEE L TENMOUERRETRT, AlSIC RO RE I RIGE D
RBOb, 10~20um BEOH —RELZEZZE LTS, ALSICLHROHREIIBMETHY, Kin
IEENOSNE~LEITTEIZERNbNE, o THRITIKRLEREDOEWVWIZLARLEDE
X, BHMICKOREREOEILLDZbDOLEEZOND, TEOGMERD L, KIGEF T
AlSiCoRLDO NERIZ LB LT Al 3472 <, Si
ECHEMLTWS, AlIIMIGEOERER X
DR OBEN T BB RICZ ML TEY,
OLEFLTWS, ZOoZ b RILERX
FIZSICHh kb, BOMIZHEE Lz AL Graphite -
ALOs E LTHEELTWAE EEbR 5,

1800K DEAZTFT — & 51k, AlSiCaki
FETILT COLED 10 241K R &S h,
Al(g), AlLO(g) D FHAREN 10 3T RREE
TERITAEHEEINZZ &G, AlSiICy
FmE»rb Allg) , AlLO(g) M FEFE((2),(3)=)
LCHEB L, FATERT AlOs & LTHTHT S

(40),B)X) Z&tnBXLND, OGN
fkfE L CHEITT 5 2 & T, ALSICJHDFRE
I SiC EREDP LR DRIGB BRI,
AR O ZERIZ LIV ALOs L IRETH
Eah T bnLtBEbh3,

AlsSiC4(s)=4Al(g)+SiC+3C(s) ...(2)

AlsSiCa(s)+2C0(g)=2A1:0(g)+SiC+5C(s) ...(3)

2A1(g)+3C0(g)=A1:03(s)+3C(s) ...(4)

Al:0(g)+2C0(g)=A1:05(s)+2C(g) ...(5) Fig.2 EPMA images of No.2 sample after
4 FT&H heating at 1500°C.

PEDRRD AlSICs LB LD ORIZABEETER L THELLER, UTOoMRZ2EL,

(D Fﬁ%q:'@ AlSIC T BRBERIZ L o TRIGE L, EIZ a-AlOs & SiC 24T 5, FORIEDE

TEAWTREILL > TRRY, RENNSL DIFEREEENISETT S, WThoRE,
?E.EE&C%SI/\'C%), AlyCs DERITRD 720,

(2) 1500CTiL ALSSIC4 R DR E I — R EL DO RIGE BT S, R ERILBUE 2 2 HEHF &
D, KIGERENONI~EETTAHI NG, HEN/PNIWIEERIGEDELS Eir L 5 ITR
ABHDIE, HIGEERAREWI LITL 5,

(8) RIGBIXEIZ SiC+C 2575, Al DI E DM~ LB LT, ZEEA T ALOs+C & L TH
HLU, Bz EEtss,

SRR

1)S.Zhang, A.Yamaguchi : J. Ceram. Soc. Japan, 103 [3] 235-239 (1995)

QIOMHE, #FEEF €7y 77 —F7 v 2006, TERLEHRHS (2006) pp.136-139.
3)Y.Hoshiyama, J.O0mmyoji, A.Yamaguchi: Proceedings of UNITECR *07 (2007) pp.278-281.
HEIRZE, BUAFER, LO#AER k%, 60[3] 130 (2008).
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FRARRLAAMNODTILIFEMDEIR

LTIy 7 25 MiREME  REAFER, LOBHER
The Recovery of Al,O; Clinker from the Used Castable Refractory
Junji Ommyoji and Akira Yamaguchi

1 #E

HERREREB L OE TRV —DOMHENLMADIIBNTY, FABLO U VA 7 VIZE
BRT—<Thbbd, EEMAMIPZVFAIN TSR, RERMADIIHESCR T 7 DIF
BRREL, TOESOGRBEE L BEVIERAIRL TV, SEEAZK LIAZM NG,
ALOs BM OEINZRFT LIzDTHRET 5,

2 H#
15 Pt BUEH Bl (334ch ) 25, BGY YV &4y, BANVEEH B L OCMIBEE 53 DIRIA B4 &
B Uiz, Wb ALO,-MgO B LIAZM THD (T’ 1),

Table 1 Properties of castable

Bottom (Center) Bottom(out side) Side Wall
Chemical composition | Al,O, 90 93 89
/mass % MgO 6 8 7
Al,O3 grain Fused Al,O4 Sintered Al,O3 Sintered Al,O4

3 KRBRRELEE

31 WHHOHRE

Ta—27 7y ¥y —IiZT 10mn LLTFIZRERE L 7RI RE ORENOR 2D 4EREICHETE 5,
FEEBIVBEMREIMAEL TS~ M) v 284S (I ICBRARSHZ <, [ALR
BEWZETHAADEEL RS EEZDOND,

Table 2 Properties of crushed grain (out side bottom)

Reaction zone Grain Al,O3 grain Matrix
with matrix with grain

Apparent porosity /% 3.9 12.6 8.1 24.7
Bulk density /g - cm™ 3.44 2.62 3.54 2.84
Chemical Sio, 4.87 0.28 0.36 0.24
Composition | Al,O3 85.32 94.18 96.61 91.33
/mass% Fe 04 0.91 0.13 0.06 0.37

Cal 3.90 1.09 0.46 2.19

MgO 3.97 2.32
Appearance T

REEMEHIREHE L, FEESEFTATIITRBBEL WD, SEIORFRENLHN LT,
H X OB R RTRIZ ALY, BB 25 Lz,
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32 RhYYHYRBHDRE
SHLEOEW< R v 7 AEOBKREEE LT
AEUTINICE BHFREOLEEITo -,
ZAELEHH (Inm ULF) OEBEBIOKS %
B1, RIWTFT, BFER»OMEHEAERID
HIEER &5, FEMMO Mg0 ERRNZ &
No< b w7 REGBEITLTHBENT
WAHEEZLND, FEAEBRITIANERAR
WEEWNRIE L 2o TS, 1 i * 0 *

Stamping time /min

~
o

500 g
- @ = 700g

e

~
(=]

\\
>

S

2

Amount of undertmm/%

(=)

Fig.1 Amount of under Tmm powder.

Table 3 Chemical composition of the powder consisting of grains less than 1mm /mass%

SiO, Al,O, Fe,03 Cal MgO
Bottom (out side zone; used sintered Al,O5) 1.26 85.63 1.83 2.92 7.82
Bottom (center zone; used fused Al,05) 1.68 81.19 3.93 2.60 9.82

3-3 RIEEBOKRE

ERAF TUEE, KIGEEBRLE AL, HEAK 2 BT 0L, BREIEBEEZRF LT,
10-1mm DORIEE TR+ Th o723, 10-4, 4-1mm IR EIRE 2 5 2 & THRE R BAIT
XBZENLhotz, B2I2ERED

White grain(Al,O Colored grain
10-4 IR g y ‘,(;ez " "g SR 571‘%, i 4 &:igl::'!'”(ﬁTﬂ/ ‘: ﬂ_%ﬁw’ﬂﬁ
mm S¢' SR R
Table 4 Properties of sorted grain
Bottom Bottom
Out side Center
4-1 AP. /% 8.5 14.0
mm B.D./g-cm® 3.46 3.25
Chemi.comp.
/ mass %
- SiO, <0.01 0.39
i : Al,O5 95.29 93.43
e~ 3 P Fe,03 0.45 0.32
: T SCATV Ca0 0.51 0.99
Fig.2 The grains that were classified by coloration MgO 312 211
state.
4 F£L&H

AR LIAZM DG, AFZUTHRBIZTC= M) v 7 ABSE2EE, SHLICAEERICT, B
BEORIGE, BEXORT 4 —NT 74 RX—%2BFRETHZ LITXY, FEHIFV ALY, B %
BT 2 Z ERHFEE, ZOFER, LEaX NORBEIIESY, ExX X —, EERICE
MTEAVOELEDDOFETHD, AFZ U FRBICAIPEATENITEOIRBEICRE LWAE
225,

669
170



—MRBEEARLtET Iy 7 IEAMIREME R - Rk REEE (2008-2014)

S22 AR R & CP2I4E 4 H 20 H ~21 H Bl i)

(11) MgO-C AN DWMIBEICRIFT Al FNFIDHHDFE
MU TIy 7 AH N RBELRF ] OFEdET s 2 ILRE RBWPFHER LOHER

The Influence of the Distribution of Al-additive on the Microstructure of MgO-C Refractory
Fuminori Hirose, Yasuhiro Hoshiyama, Jyunji Onmyoji and Akira Yamaguchi

1 #E g
R .. - Table1 Composition of sample
&F AL 1L MgO-C LA DOEALEs LAl E L TIAS EH S /mass%
TEY, REOBEMNE, BBHOEECITH > EAFRE DM | Fused Magnesia (0.5-1 mm) 50
EOHRPIMENTNDY, L, Al OSAMIREEIZ Z D% | Flake Graphite (-150 ) 50

ROEEICOVTIMIF STV eV, KIFFETIE, Mg0-C | Aluminum powder(-45 un) 3
WADITIIT D AL BINEI O S AR EEDS, BALETIE SR DE S | phenol resin
ICHE X2 DEEBZOVWTHELL,
2 EBAFE

RUWRLEEE %, 280 OFUEHE ANNERF TEEZ 1TV,
B L=, 200C TEHVULIE L, Al By KOS AIREEDN 72 5
A B ARSI L7, G oBigic L, BB AT AL 2N
Mo MgO Bz LT D 2 & &, il BIZ AL A3 C iz L
TW5Z (‘:Mﬁ.mtto A, B &, BRI ENT
1600°C, 1 MR, BILBERR L7-%%, SEMIZ LV A &8 E 21T
otoit,mSKiUﬁ$7/E/7%ﬁ“,Xmiﬁ%
OpmELRL, MMIRIMZE 2 ROESEE2BRTF LT,
3 ﬁ%&lﬁ%%

WZEUEE A @mﬂav v B TG EIRT, Mg0 B D — M
XI:Z\/I/(MgAl ONZEL L TV B EEFREE S, F7 M0
BLO B FIZIE 10~20 imD I A& B O K ALD R S Tz, &
HIFAERALTELNLTRY, FOEIX1~2mTho7,
B BT BB I I~2mD RN RSN, 4 wLa)HD
1L 20~30 O FH CTCAEL XA NMERINTZ, ZZIZE NS
AL, AL APHIZIER SN D ALC, BN 250 AL(0) D&
RIZL-oTERLEEEEZLNDYZ 0D, BREAB OK
AORESIDEFEFTH ALQ)BOE, SWHEIIVELA
R VAERUBTIICER SN D ALC BOESDEWI LY A
CltHtEasnd,

4 FE&H
MgO-C LA DITEIT B AL BMNFI O 541, BERZIZEBIT 2 RARLCA R LDO5T, BLUK
LOKEES R EOWBEICEEE2EZDZERHLNI o, ZOERIL, Al OKISEEIZ
BiFDALCOAERIKEDOENMNIL>THE6 N EEZHIL, Al ORIMEC FIThBsE
T, BAWMEOKIILOKE IN/NELRY, LVEBOBELLICHRRIHD EEDbNS,
K
DD B, EEEHR, BERSE, %BEmS, PMEf, NHZEFR mk®, 38 [11] 740-746
(1986).
2)F B, [UMABAR : Journal of the Ceramics Society of Japan, 101[4]475-479(1993).

Hexamethylenetetramine 0.6

Fig.1 EDS images of sample A.
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Fundamental and Microstructure of Silica Brck
Akira Yamaguchi

1 #%S5

FTWAENRARE, BEENANREAT, RLEOLERAINENANTHY, ZOLRESE
BT, SiO, DFFEZE + IR ST EBN A~ ERE LTz, ZOMXMNE, 77 A2L 5 DX
H, BRI OBREC o — 7 2FRLITHER S, 10~30 E£H5 VIR EORBICE> THEA SN
DL ot TORER, TAWEFOEEBOBNC LV FEENED L, AAREANTIIZE AR
EENRL fpole, AEETHE, TOAENARY, BEhiiAntzol-Blm%, TV aERANERER
flrDfaA & B2 2 HEFIB OO OFEMBEMH# L LT, MiBER L O0ENE EE D T2 ORENRSF % T
(LT 5,

2 TULWEhADDOMES

L0 RSB SN WVAENADOBIEES, RIRERMERY TN MY <A MM PR
BHEN THEET AHEE L 2o TRV, TOZ LIk o T, KRB E I L~ Th b a5
AR T T EASKRSy DIRASEERE DK T A3 41T\ 5,

3 TWENADLDBEHE

LR OWIEEE TR T D BERFIEIZ DV TR B,

SiO, 13 DEREEA L, 870~1470°CTILB- M) U~A M EEMTHD, LrLenb, Jna
NWARDOHFERIOREENMENT D L, B-AHENEL 870CTD -~ U~ A NI IR THEE T
bV, WBE, BELR, MEWEK &, 1200~1250CTR-7 VA MNTA h~DEBERAET D, LH
L72M 5, Ca0,FeO, Na,0 & HWNE K0 OFFThEans &, M) U~vA h~DEBEREBIR LD
DT, ZOZEEFRALTTWERANIRIESN D,

— AN, TWVAENADNT, BERA SN2 WA ORI CaO M3 2mass%e sl X1, #9 1400°C
TRIHMB SN TRIEI D, ZOBERICL T, E—HRISHELDZ L2k -T, 7 A b
NTA FOEBE Y U~ A MEGROHTHAEES . IRINE 72 Ca0 oA ML, SiO, ZEaFfnil/e 5 ET
B LICRR & 72> THET D03, R U~A MRRERIRE CTORERKIZEBWT, Si0, DfaFn L7 Flik
Mo M) U= A RO 2, FIRFZ, 00 S0 B30 @i & 72 o 72 Z ORNRIZZ U A N3 T A ks
B2 L2725, ZOEHIZ, FEENLTRY V<A O E T VA RT A N OEREIFRY
RENT, P IU~A MERORER GO INDZ L2225, ZORE, (KEAERMEEDIT NY U<
A MESRIEICRESN, AT N V~A MERICRYEEREARL L 25,

4 FEOH

LB S NIZEE LT WENRARE, RIRBRMR ORI, b V<A b ORSSRIEIZEY
HEN-HIBEZEST D, 20X lEEE, MY U~ NREBEROIREFIH Cied TR M
LT, WR—ATHRIGEITOE 2 Z LIZL o TEEBNLD,
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Analysis of Silica Brick after Long Service in Coke Oven
Michiyuki Yoshida, Yasuhiro Hoshiyama, Akira Yamaguchi,
Hatsuo Taira, Kiyoto Kasai and Taijiro Matsui

1 #E

TWARNANE, a—7 AFTEHAINARENL
Mk ThHsd, 23— AFOHFEMIL, MERMROERE
B OESITHENELS 2D, 20FEEFB25 L5122
T2, T, 33— AMFOKEEEIMOF &
TELLA2L, EREOTVANABICET 5 A
RO TS, AFFEClEa— 7 XJFT 28 HERIfE
A L7z WA A ORIEE &AL FRIZ DV T O
BEEI1ToT.
2 ERAE

a— 7 AFICT 28 T Lz WA A OR
& e A BEMEE, WMCTMeE, EEE THEME
(SEM/EDS)Z L A& L=, Sk & (b2 ak i,
ZFNE XRD &t XA L AR Lz, Hikar)
ELTRFEADITVANADII DN T HEEORTE %
To7=,
3 BRBLUBE

1 (a) WZRBEADOTVAEINLAD D SEM lifh % 7~
T, B1 (b)) & @ IFEAZOTVAENAND SEM
%< M) IXRILESE (K 1000°C), (o) ITpBEzE Tk
(5 1300C)TH B, REHDITFVAEILA N OMIEEIDL,
BEum BEDZ VR RMT A MERBEHRO N &
<A MMERICBRYBERHBETH- T, —FT,
REDOTWAENADDOHBHEET, REHDO LD L HN
HBETUVRARINATA MNERDEFE LW LTEY, B
BEEMEITER2 TR U~ MERmh DRSS T
oo HEABOTFVANANO RBRILEL, RILEL
ET15%TH Y, MEEERETIL 24% Tho 7o, ik
E L PRBEE ORI RERARIT 19% TH Y, K A
EHILAD & &i&i“lﬁl—@@f“&) o7, Cr: Cristobalite, Tr: Tridymite,
4 F&H L: Low-melting constituent

a— 7 AFT 28 FEH LI W ARA D OMES . .
AL RIT W T DRE ST 72, a— 2 ZIFICE Fig.1 SEM Photographs of silica brick:
W CRBIME % 0 T RA B OB I n  (3) s prepared, (b) after long service
IR EHRALELLSELTEY, MR TI around carbonization chamber and
STRY Ut MERNPD AR DHE~L LTIy, (¢) combustion chamber.
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Microwave Drying of Silica Refractories
Hatsuo Taira, Katsumi Uchinokura, Shinsaku Takahara, Manabu Murahashi,

Michiyuki Yoshida, Yasuhiro Hoshiyama and Akira Yamaguchi
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ek, BJRSFRLa— 7 ZF I VAP ER SN TCE 7z, a—7 ZAFETRY
A SN T WAmAIZ TS 5 &, SR E L TIFEER N U~A N ThHD
TN SN, 2O MY U~ A MEEREE LERERM A EZRIEL, SR~ A
7 al kAW ERERE EE LD T, TOMRIZONTHRET S,

2 EBAHE Table 1 Particle Distribution and Chemical Composition
i B of Silica Refractories
IR TREZ, DMUOTREI XY —T 1 3 3 7
9.3~12.0mass?% DIHKS R TG, 200 [FERE TR G| 5
X 200X 200mm TR D ATk LA, HR@) [Todmite 75um~ | 10115 ) 18 [ .25 |
F—T N TIRBIEN L%, 24 Wfdgd 47 |fumedSiia | 8.1 0. S 9...
5 T L TRIE LT, IBERIE v S SO B 92 | . 9 | I T
2 & TRIE LT, IRENEICE LTI, T . il e
DOHFRER(100mmIZ K FAER & 5% # L CHIE [Ca0 5 5 5 5
Added water /mass% 10.4 9.8 11.7 12
LT, F7o, WEHIEE, i UIARBRIERZOME
2mm W 1lmm OFE 2R L <, Bk o Bk 300 3.00
EH O DIAL, FRFEIHEP D ) o, o
250 ¢ P> 250
ZUE L, BR~A 7 ajEmiii, o7 i
1 ©
ERE LT 7Y r—4F—RNIZ, 4.8kW-t1 T 24 i <
\ o 200 [t 2.00<
PR, ~A 7 rEHAOHE 9.6kW-t1 X 5 .
[} H et
ST, WTTY r— 2 —PIEEESE 2 5 | 150 &
b H ‘ o
FER120CL B KO BEABA L CEMBLEZ, & ‘ o.
| ©
3 REAER = 100 ; 1.00 §
7V No.1 DEVE~ A 7 migic & 5 iR § =
B ENEAERKJEL OBEREER 1 12RT, 50 ! 1 050
4.8KW-t1 77 24 BRI TIE, i TEReF R AR DR ]
A 124°CIE LRI L AD - e D T, A 7 1 0 mEm T 000
. 0 10 20 30 40 50 60 70 80 90
WA 2N S, 9.6kW-t1IZ EFsED 2 & Time /h

THLENRE D 220°C THEIKERSIENMET L,
92.5 WFRI CHIMR T A Z L #FER L1,

Fig.1 Temperature and internal pressure in the

blocks during microwave drying.
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Physical Properties of Silica Refractories

Hatsuo Taira, Katsumi Uchinokura, Shinsaku Takahara, Manabu Murahashi,

[

i

Michiyuki Yoshida, Yasuhiro Hoshiyama and Akira Yamaguchi

A= ZFECTRYMEN LI WAL, SaENEME LTI U=A bb
WS TWa, ZORMMERREE EFEEE LI RETRN A 2 IR~ A 7 o G
%, HICHRALHEZEL, HFoNBoMticonTHRET D,

2 REBAE

AR VCHE L7 U B IRIIE 18mass% (No. 1) BTN 10mass% (No. 2) DENE -~ A 7
B Rt OFE E VT, FIEEE 5°C-min? T 1400°C £ THIRE, 48 FpfifreF L
Z D% T00CE T 5C min? TWHIE, FmT 5 L) BULE STl 23 AE L7z,
ZOFB LD 20X 24X 100mm DRI L%, A O BRI E 2 M T,

4C+min! T

1450°C £ THifE, 3 MIPREF L7, MmAID 4°C-min D5 TEZE

HERAFEML7-, 7V —7REBIL, 35X65X114mm BRI T L= e %2 AT
ASTM K7 V) — 7l g 2 ¢, BT B 2kgrem 2, AREE 6°C - min! T 1550°C
\ZBE% 50 IRFFEI PR EF -5 - T1T o 7.

3 ERER
BERBEEAR 112, 7V —7HBEREYE 2 1277,
14 10
at 1550°C
1.2
g 0.8 , o S
gl g “« No.1 (1400°C)
02 o %0‘6 ~ 7 No.2 (1400°C) |
E 06 & - - l—‘—No.l (1400°C) ‘ ; ‘
E o No2 (1400°C)’ 304
E 0.4 5
I— 1
0.2 0.2
0.0 00
0 200 400 600 800 1000 1200 1400 1600 0 20 20 50
Temperature /°C

Time /h

Fig. 1 Thermal expansion behavior of ) ) . )
. . Fig.2 Creep behavior of silica refractories.
silica refractories.

1400 CELH ST W TN L BEMEH Sh T DERNAN L AEROREEZ A L T D,

LR

DI QIR - T WA K O< A 7 ogici), H2l FEMD TGS, FREERAS.
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(24) ITWATMAMDT A - ORBRIREFE

HAARSEM O i HzaAmt BEFHE =EREFE Mm%
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Microwave Absorption Capacities of Silica Refractories
Hatsuo Taira, Katsumi Uchinokura, Shinsaku Takahara, Manabu Murahashi,

Michiyuki Yoshida, Yasuhiro Hoshiyama and Akira Yamaguchi

1 #E
N VA FEERSE LEERZ AT WARADDIESND Z & 2R V2 THs

LTz, ZOF WA O~ A 7 aiERINEEZHE L=DT, TORKRIZOWTHRET D,

2 %5&7‘55% Asliator Fiber optic temperature sensor
ﬁﬁ‘%ﬁZ) & IEJ U 14000C c:;’%&%i@ 400mm X 400mm X 400mm

L73tE %, 20X40X80mm & | ssane | L[| TTTTTT j

MW Generator

RIZMT L, #EO ETmIZIEY i | Tuner
FAN—BEFHET 70 07—
TTHEEL, AEE LY 26mm B
HDETI v I T 7AN—TUr : =
1, 400X 400X 400mm ZFED Fig.1 Microwave heating ;sy tem.
TV —F—HNICEREL, ¥4

Power monitor

7 a7y 200W T 1 MO~ 27 7k 122 ,,,,,, — Upper plane _Low;‘éléne]u o
WETWARZEE ZHE Lz, EEOHBEAX 80
R 1 ITRT, 10
3 EEBER L e

SRR B 2 (AT, v A 7 e 5 | i
RIEEH—ICRIRL, 60 9% TH22COR 2, / o
&R Lz, ® a0 L ,

el & LCR—TARICE D H Lk 2B
ABRROT VI FTERANTO~A 7 o 0
BERE EM LR, & c OIREEINNS 0 ‘ . ‘ ,
70°C, 43CL TV AMAHD 2 L EOfEE 0 10 2030 40 50 60~ 70
R LTe, VAR bERA ST
lo =7 AJFig E~OE A HEE-SA SRR T Fig2 Temperature of silica refractories during
DFERLY, v A 7 mIBEREDLEER L LT microwave heating.
DEAHLEZ LIS,
X#R

DI FIHEML : NI WATA O~ A 7 viiiclk), H21 S£EM AT S, FREERI=.
20 WIHEM © T VAT A OMPE), H21 FEM A EINHS, FUGHE RS,
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Microstructure of the Surface-coated CaO Clinker
Yoshihiro Fukai, Akira Yamaguchi, Junji Ommyoji, Yasuhiro Hoshiyama and Eishi lida
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Ca0 |FEHDFE 22 5 EfliE(L % EBR T DA EL L LTI STV AR, RROMETH 5 KF
DOFENPRIZIIRETE T, RBON-HEATOBAICE E > T\ 5, EH HIE Ca0 Rilitk#DEM{L
~OMZREED TE Y, REMFEELEIZ L > TRIBICHKFIEEZSE L Ca0 7 U o —%BFE L
DT, FOKRFBISHIED A J =X 5L GOETHRET 5,
2 HERAE

B0 72 Ca0 27 U 2 1 — % BEE 15mass%D Fe (N0 -= o Dl 1 o — -
5 ) —NEECT 4 v 7 a—T 1 v 7 Uitk KETE w0 Ji g
OUBSRIIR T 1000~1600°C X 1h fEpk L7z, iz - | ! SN RS N
Yo FIAZONT, TR FIMERER, REO X REHT L ﬁﬁf’% CI TR
SEM-EDS fi#tf 217 o 7=, 2ol B 1 . o
3 R R BT A o

B PO AT R R, REh & mI S
D b BER T THER L 7= % > 7LD TR 12 i Rk I_L-_-lél;l

BENTEY, FRZ 1200°CHHEDOIRE TR LIz o7 Cor 41000° 1100° 1200° 1300°C 1400°C 1500° 1600°C
DS B IAKFIEICEBEN D FER & 7o 7=, £V 7 (KD Fig.1 Relation between baking temperature
Fif X BREHT OFE R 5 Cal FEF OIS T EHKZ KD D &,  and slaking index of CaO.

MK FAE D BN 2 T E EREF EEDY /N S META A

Rohn=(E 2), £7=, I 7 v #2280\ T, 1200°C 483 —

BERS Yo T DRENT Cal - FeO BRI DS & B, o

Bingraphite -~

o~
0
N

S
(o=}
=

~
o)

FNF—(-E)EEZHETHHTE S,

2
€

&
~
©

lattice constant / A

et
~
=3

- EFE=N«

NOHNEEHER T, -
4 BR —
I OHEOFERIT (1) IR EN D RO = 8! . i
(l—l/n) < e - (1) \]

rg,d i B Nl ) 11

1000°C 1100°C 1200°C 1300°C 1400°C 1500°C 1600°C

N:TRHAT R T o ~v—FIN2 7T Fig.2 Relation between baking temperature
B dA A UREEE n5~12REDO T and lattice constant of CaO.

ORI EDE, RUEBEORLE LT 25HE TiaA 4 MBEBDZBRWTT X TEHRTH Y,
HF TRV F— (3 A A VRO A DOREE & 225, ZORE, A A REBER/ NIV T LIE
ETo I NX—IREL 0D, Lo T, FeO DAL TA A v HEHE BT EL) /s o7
VI TREA T AL X DR B REE T o T T, SiKFER [ E LI EZ HND,
Xk
1) KE #: k¥, 45 [12] 718-727 (1993).

2) TEIF B 53 w7 %, 30 [10] 884-887 (1995).
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Development of New Testing Apparatus for Measurement of Gases-permeability of Refractory Products

1 #8

BRERL, MK ~OEAEDRENE, TEIM LY D

(29) W ABERFEIEABREEDRE

Hideo Asakura, Naoki Baba, Tomoyuki Maeda and Akira Yamaguchi

THEZRME (NEFEEKRRIDORKS &) EOFMICFIH X
nNTwg, g6, Faid, mWEREHSOREELTES
AL THBRERBREBORE PIcd o1,

2 XBRFEOEE

RIS, O—BThAVWBSEHFAICEHETx 3%
&, QFGHOREICHETEDZ L, QOFBELRRE
ERBohdZ L mEHELE,

BTEMZ WAAER

Fig.1 New permeability testing apparatus.

Table 1 Typical specification of apparatus

Iltem

Specification

3 BRLEE

31 EREEOBE

B SRS BOME, R 1ICTOLRETT, B
i3, LS CRRA R L, o a i

System

Automtic permeability measur-

ing system with computer

FEEANTLDRETTESICHETE =,

Pressure range

0.5 - 100 kPa/gauge pressure

3 2 MAHRAE~DERA

Flow range 0.2 - 5000 ml-min™
y ,-‘—» =3

l26 itk DRIERERE T, L, BRE L | (ow meter) (20, 500 and 5000 mi meters)
;10 ~10° DRFHCEATE T, K . 3 ‘-‘-‘K%ﬁ}—' k% Normal test Diameter : ¢ 50 mm
IR S F R Y IH e TR E y =p —~
S 7"—7:—%’7 & 0D 18 >_“‘4%7FT0 ﬁ%@i, ;K'%H_E 8~50 piece size Length : 50 mm (variable)

miICE-> TH—EDEELZTLTWS, Bib, Znik
B, RBRATIEOHBRE (¢3SHABAKRLY—F) 107
BEML 10 Se——o— —e
1558 e Test piece size 103 |[ Cutface size: ¢ 50mm | Fireciay brick

R 4'E§ 102 | somm|( - E ' T
Cut face: ¢ 50mm N Length:8 — 50mm
>
)H" W%;ﬁ: > 107 ] Length:50mm ‘ Burned Bricks - :__8 1014 e
GREZN-¥ s MO brick
e ol T = | E
A E~D 2 o | & o o _MIOC o5 o
EREHO & B
EW_ j( #3 ﬂ s 10716 | / I pastables (dried Castable
g% . :i Baked MgO-C Bricks in 110 °C) 101
Z 107 : 0 20 40
% 0 10 20 30 Length /mm
Apparent porosity /% Fig.3 Relation between test piece length

4 #= Fig.2 Test results of permeability. and permeability.

MY OERERE, ENBREHFEIZE-T, 55, AELOBREICHETE 2 EBELH
LT,
AR

1)JIS R 2115:2008 (fit:k# i@,
DFMBF R T v MWL,

EORBRFIE) (2008).
16, 62—64 (2008).
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Effect and Behavior of Additive for Carbon-Containing Refractory

Akira Yamaguchi
Okayama Ceramics Research Foundation Director of Research Laboratory

1406-18, Nishikatakami, Bizen-shi, Okayama 705-0021, Japan

1 FZXDE ALY, W &h, BMHREORET, CO(g) =
RESHMAKWIE, BMEFKEAENLEFOMEFHN 0. IMPaDEUHT T, BILWIREL & HTLES SHEH S
GLLLTHERASNG 2D, REOBABGOERIE, # MW <TwbI e, LEEHTH S,

RENBRERELMETHY, HADORAD LI TE COEMICHLT LER, &, KItW, Ethir
7o COBALIED7-0DROEN L FEO—21, Al K1ITRT,
D& ER, AISIOL ) RES, SICH LD RRILY % A ARNE, Ellingham® K 25 A2 25T

OB ER/MT LI ETH B, TNHIEBALY DT 25, CORDS, BAWAREE®RF LIS, CaOld
MCBAL, ZORBHWSHIT%BIZ0N0, FWWIER  2150C £ T, Zr0,d2140T £ T, Al,04132050C % T,
FOBABIEDOARL O F, [ILEOWD, MEOWKA, £ MgORI850C T, Si0,E1660C T, Cr,05141220T F
HRERB O, EREFEOELL L, WK DOIBEIZ TRETHN, k4ADOBALYEHET 2 EBTEIL, 0
DEGTHIEDPWALNE hoTEL, R, WEh AL AR E 2RISR T, BMUBIERIE B2 L%

7IEBAL DR L BB 2 MHT 2L 0 TH 2, RLTWA,
2 AIAEICIED S BITHRCRIEY L2L%ads, RTVWIRLAEWEIZOWTANE,

REFIE, MT00CTULTRESICBILEN, CO(g), CO,  CaCy AlC, AN, BRTIIMALILAE LT
(g), C30,(g), C,0(g) % LD 4 DC-ORFAMMME FEET  HELELA, HIRTREKTOKRGEED ST HDT,
5%, $1000C L. Lo EMHEFZFLFET Tk, CO(g) Dy FHEMIZ, FHTHIEMERD 5,

FEAMORMAEDSIE & LT, EBEMIIEHELRY, BAE, BOEBICSRBICHEA SN TS0, MgO-C
1000C B ETId, WAWERALFICHET 2EHMIE, 3EA  REKWOTRME & LTAL Al0, CRIE KM DI &
ECO( #xTIw, LCSICTHBHDT, FICIOMEICOWTHET 2, 1
CO(g)ix, RDBUSIZ & o THET B, DEBRFAD ORI WT, EAMIZIE, ARSICO
C(s) +'/,0,(g) =CO(g) (1) BB IFIEFAETHEDOT, MEORE T L HET A
C(s) +0,(g) =CO,(g) 2 LilkoT, BHIEHETHIEHNTE 2,
C(s) +CO,(g) =2C0(g) (3)

JENDPKEE TIEVIRETREI N TV S 5T,
REEAMAKWAOZERIE, (2120.1MPa®CO (g) Tili/:
ENTWE, LIRETELDT, KEFETIX, ek 20K
FIHEIOWTHIAT 5,

Table 1 Material which is possible as an antioxidant in
carbon-containing refractory

FS NI O B LR ORAS, KATRE || 0h R |RERD |WHD | Soh | s |
ﬂ%) J: ;) L:, CO (g) 2: )yi)fﬁ LCO (g) %C(S) C:ii'j—c‘a‘% : Al AlSi ALC: ALSICy ALO.C AIN AION ZrB,;
LN LB REOBIHEONHTH B FINIC, F 6 R e R SN
LWLy, ZOBILA, BXUOBE(LLKTREE A SN |so% | @O
Wl BICBES5T 5T LIk B, “ #e o

(Metal, Carbide) +CO (g) = Oxide + C (s) 4) “ e o

ZOWRORSHHRT 27201213, BNOESE, &4, ? . o
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Fig. 1

Schematic diagram of change of Al grain added to
the carbon-containing refractory.
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Fig.2 Condensed phases and equilibrium partial
pressures of the gases in Al-C-O system with
partial pressure of CO(g) at 1600K.
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Fig.3  Equilibrium partial pressure of SiO(g), Mg(g), BO
(g) and ZrO(g) under existence of metal or oxide
as condensed phase in Si-C-O system (a), Mg~
C-0 system (b), B-C-O system (c) and Zr-C-O
system (d) at 1600K, respectively.
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Fig.4 Equilibrium partial pressure of Al(g), SiO(g), BO

(g) and ZrO(g) under existence of carbide or
oxide as condensed phase in AI-C-O system (a),
Si-C-0 system (b), B-C-O system (c) or Zr-C-
O system (d) at 1600K, respectively.
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Improvement of Slaking Resistance for CaO Refractories
Yoshihiro Fukai, Akira Yamaguchi and Yasuhiro Hoshiyama
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Fig.3 SEM-EDS analysis of CaO clinker heated in carbon powder.
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Methods of Thermal Conductivity Measurements for Refractories
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Table 1 Results of reproducibility test for MgO-C brick "

Thickness | Density | Thermal diffusivity | Specific heat | Thermal conductivity
mm g-cm? mm?-s” J-g'-K' W-m™'-K'

Test X1 10.44 2.878 9.95 0.891 25.5
piece Xp 10.43 2.893 9.83 0.879 25.0
No X3 10.22 2.908 9.75 0.890 25.2
' X4 10.43 2.896 9.70 0.901 25.3
Average 10.38 2.904 9.81 0.89%0 25.2
SD 0.11 0.012 0.11 0.009 0.2

RSD /% 1.0 0.4 1.1 1.0 1

Note: The tests were carried out at room temperature (26°C). Four individual tests were made and
separately evaluated.
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Influence of Al,O; on Precipitation of cr® Compound in the System of Ca-Cr-O
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2 %5%75_;’% Ca-Cr-Al-O system
#1127~ 7 %4 T Ca0 (-500nm), Cr,0; (-45um),

AL,0; (dgp=150nm) M3 KR Z IR & L7z, IREM K% CaO Cr,0,  AlO,

10MPa DJE 3 CHIE L, K&, 1450°C-16min ff ~ Sample Mass ratio

B OB 21T > 72, 1450°CIZBIT 5 Cr® L&D

BEEWET B0, BHTRAGEERICET) ) 25 ; ;
EBRIMHAD 2@ TITR o7z, BUWLEKO g 3 3 2 1
HREANDEILE(D T = = A A AT R & A 4 2 2 2
WCRIE L, SRR R X BREHT & WV CIE L 5 2 2 1
12 6 1 3 1

7 1 3 0

3 HRBLUEBE

BNtk L BRGH%O AR ER LT D L, BRBHIOFBPEHENEL Z2HEMN AL
n=@1), 2Bk CrEHER CaCr-0 Z(H 7L 1) LY CaCr-Al-0 ZR(P 7V 1~6)DF
N, ALOBIRMEND Z & THIRMEMIZBWTS Cr* b ER LT b2 &nbn
o, Bm#BO L& O YR IE
Ca,AlCr0,, TH Y, CaCr0,~Ca0-A1,0, F A 217

72 1000°CLL EIZHBNTH, ALO, 2N T 5 &
Cré (b &% (CaAlCr0,s) BAERKT 5,

Sample

£
e e o . & 16000
*)(f?fx‘ 2)7)”5;—%‘%3\—?—5 & ’ 1000 CL/L_FOD(J%UE S 14000 ONo quenched ]
EIRIZ B W TAR L7 Cr*bEWIT AL, 75 % 12000 } M Quenched
ETOBEBEMEE I Cr* LA LV EETH % 10000 |
rrEZOND, & 8000}
% 6000
‘ zen A
Ca—Cr-0 % Tl Cr¥ kA% (CaCr,0,) W2 TE kS
€
<
A

Amount of precipitation of Cr®* compound.

Ly
Q@

Xk
1) ALY k4, 55 [4] 168-173 (2003).
2) D. Peters and F. A. Hummel: Cem. Concr. Res., 9 [2] 259-268 (1979).
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[#% X

BEZEN)
PR R 1S
AR BT 5 BOR R

(& 5]

I

BRI I TRV SN S 7 0 LA GHRKWISEA I i 203328,

(2008-2014)

ﬁ”’ll ﬁ(’l" i IJr*—:—rulm 7%, Vol 21, No. 5, Pp. 170-177, 2010

R 7 0 L g HT K50 6l v 2LEWD
B9 5

BE B F 52
IS A= A

ZDO—JT, AFT

&O)JXFBL\J: U] 6““7 UL\{LISI ‘l/)%él‘)&j—é}lf/\f) JJ;)ZD o ZI\ 'jllﬂ'/ i Cr.03 17J /{\C Ca0, Si0., ALO3

WA R A
ki U 7z sUeb
1.300C WL EowihidsiTid, CaCrO, AY ALO;
EPAZENEDS B B
ﬁkMﬁbﬂﬁLftHhﬂéCr@
Mole TNEY, Cr-Os BM DKM

SDOATTHHOCr (V) OFEIIERIELD
YA et

B o #iti

F—7— K BEREYERL

. & U & (I

JTAE, BEREM OB LS 74 A F 3 VHNTEA
OFFE, M HOWLHLEEHE LT, BEYOER
WD & Ao 7z 1998 - ZIEHY 40 JiiF%
12 FoBESEW R ERE L, 2000 IS (44 4 F 2
>R SRR TS ) ATHETT S B & AR A NI & R
L. 2008 fFHELZIEHY 200 BEEEAREI L T A Y. Zhbh
ERIERE TR SN ABEBLA 7 714 2008 £ TH 80 /)
tonl2EL, TA7 7V MIEOMEMPLA ¥y —0v
Frrrvay s EICHRENTEY, —#&i&~NOFH
WRIERIZH 60% & 7 o TV AW, BREWERN I O%
BRI, FEED T ZALERM TR T, R HIRERTT
A, Vr¥ 7 bR, FNCHTRETH D,

IEF3 ) 2010. 1. 25 I3 2010.8.2
ARSI ) -2 a L ER
* it T 3y 7 RFERTREL
WAL T 520-2194  @FNCARENITEII AT 1-5
N SESEY ) 2 — > a VR KR R
E-mail : t09d005@mail. ryukoku. ac. jp

L. Wnsiiig 2 b s 7o msaiiz 7o 720 2085,
2, XRD AR & 0 6filiz o 2L
W EEfLEshTws
ZeHhhodz, MEE AR TH S oKk
1225 7o Al,Oy, CaO 2NZE L TWA Z &EAh
12 CasAlCrOu
LA LN E) Ko toas,
1& Cr.0s BHM ORI EEOI 2 &1 B0 b LENH S,

7uaL, ik, 6flivasfttiy

PEHIK & AR L 7o B 4 &

1,300~1.500C T 2 B nz L 72
YWTdh b CaAlCrOs Al S, ThEb,
EARIEE NS, T2, oL
A5 FWiE O EPMA 471249,

AWML TV IWREMEDH B EHNER LN,
Cr (VI) O & Rl ik

2R AR

2006 % TARBERELZZFNASLD
Wa v 7)) — AR
25 70 JIS #Hlk (JIS A5031 B X UF JIS A5032) Al

EENY, TNICEY, AT TOREA;ELZ &

T — AR BE R,

FAEN, S BREWEREHREMT AL EZHN
Zs’()
LA L, BEEYOERMBMORELRD—2E LT, &

BN KOG DTSN B BIE, IiFRAIEICE
NAATAYE LT Cr:05-ALOs R & 7 0 A GHN
KAER S IDZ e b, 7295 7O LER/ITKY
BT T 2 R, AICEE % Cr (V) 1Ly
WadINT A ENBREENTVEY, ZOMNEE B
FTL5DICr0; 2RV, WhWwb70OL7 ) —
Tt K OWFE - BIZEC W AT TV S, BIED L Z
570 LNEHIIKM O LT 2 7 047 —0if
KPPEBIIE SN T,

70 AGHEIRKWERCECEPREI N Ty
Cr (VD) LA icowTix, Wkiwe, AT s25 7
DWW THDH CaO LML o THAH NS
CaCrOy DI E D) L 2T AP %V, 2D CaCrO, 13,
600~1,100C O FIEI THEM, F712 900CHTE TR %

_6_
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BEREW)ERLI TR 7 0 AT KA 5 o Cr (V) 1L

100 —
80
E ool
k. <
®
i 40 |
Bt
20
0 .
0.001 0.01 0.1
Cr(VI)¥ t B B (mg/L)
1 @EEAS 7H 50 Cr(VI) wmilikE
(2007-2008 )
CHMI L. 1.300C ML EoEifmaEiEic 2 5 &AL 2w

e IEENT W AT,
1L300CHE 2 ZF N ORI TIKGPERS L, F0
BRI SN TWEID, HIKT D AT 7z CaCrO,
AR LT RwEEZ SNL, M LICHEERH L Tw
BEEHEM R S S BN END AT 750, BIETY
INEE 46 FIE IR L B Cr (V) OEINEED Bl %
W INED, BREWEMY ASNENEAT 7D
EAEDPIUEE TH DAY, ML a4l 0.05
mg/L iz 5 Cr (VI) OEIIAERSNDL Z by
ALy

BEEEY EBT TR EE

- R RS E

(2008-2014)

AWt 171
B BESEFN TS, CrOs 13T 1% T TH S8
70 LGHADEHER LS00, SREFEINT S
ZEnTFHENG, F 1 M\ﬁﬂwqwﬁmc:14£w4:1&75=‘
MA SN A Cr () LA CaCrOqid, (D) I2fit-> T
KT HEENTHEY,

Cry03+2Ca0+3/20,=2CaCrO, (1

ORI BT B Cro0s (ETiH KA, CaO 1XBESE
HPEARRTIENTED, #ZTRIFETIE Cr
(VI) b5 2 k¥ 5 Cr.0s, CaO 12 A T 7 0B
5 TH D SIO: R ALOs k4 ZEAILTHA L,
TE&NT(ADVANTEC # KB-1701 &) = f ¢, #id
SEPERE (500~1,500C) F T 10C/min THHLL, A
SENE T 2 IEEIINBA KIS Lcb oz BE L, Z1s
A3 Cr (VD) AL DL T 2 BB DN TRE L 72,
LB, KWFETMEEITS Cr (VD) 1LAWIEE < AVUKRE
HTH D 7-0NFHEIE & ) EET S Cr (VD) (LAY
WENTEI e EsNL, Lo, KIFETIE N
MEOKREGHENEZ R 720, ZOEHITNISVE
EROND, BEL TS, B ZKE LomHKRO 5
Zliolze A, MBRELSEN LA Cr (VD) &0
1/500 BETH o7z, F LIZEBRICAWAT Y 7 Lo
BIEIRT,
F7:, Cr:03 & CaO &NV TERAL, milmELNi
MW T CaCrOs W b AL L3\ & 8115 900C T

L oE
151 it

ARWFFETIL, Cr.0;, Ca0, SiO., AlOs DEA % 2L 24 BEEmE R, KIE$TAHZ & TCr (V) LA CaCrO,
SHLMARBB L O 0 AGAWAYOREEAIE 2000, FO%, BGRB8 2 4L S ¢
THBENIKEAT T2 TNT, Cr (V) L& o Cr (VI) 1AM CaCrOs DZALIZ DWW TR L 72,

i E@M%u W, Cr (D LA o b Btk > wWTE 61, E21IRT 7 0L GF Y & vtk
gL 7
2. £ B H & F1 IMBEBICHCY Y SLVOERAL (FVE)
VA% Cr20; CaO Al:O3 Si0.
. e w S1 1 1 — —
21 i . _* 1 . ) S2 1 1 - 1

%%q%(§m{'}j"7§‘ 2y q‘ﬁk SNAHAT 7‘0)1&/7]\@, TET%‘ S3 1 1 1 _
Ca0 7% 20~30%, SiO.7t 30~40%, Al,O3%% 15~20% S4 1 0.5 05 —
T, Ol Fey0s, Na.O, K20, MgO 72 &%, #ii#h S5 1 0.67 0.67 -

S6 1 1 1 1
K2 7 U0LEHETTKYORBR LRI D130 555

ko D (%) ISP

B E Cr0; | ALO; | MgO SiOz Fe:0s | Ca0 | zi0, | LA ()
T IF T OANAD 120 | 800 05 45 05 — — 16.9
FALIFrOLEYAS TN | 200 | 750 — 20 — 1.0 — 15.0
FLIFsOLFYAI T | 290 | 630 — 50 — 3.0 — 18.0
TLIFIOLFYRSTL | 620 | 250 — 10 — 40 8.0 19.0
FLIFIOULFXASTL | 810 110 — — — 2.0 6.0 14.0
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2 MR ERR R DM

£33 I KWBRAHERICA VAT 7 OS5

HEE A2 7 7
AlL:Os 17.17
Si0. 34.65
Ca0O 41.65
s T-Cr 0.06
Gt (%) MgO a7
Na.,O 262
K.O 0.15
Zn0O 0.02

E%ﬁﬁ:ﬁ%ﬁ%%ﬁ@ L., 70 u&HEIKY &SR L7

RIS N DRI AT 7k EBIAE L2 itk
4M—ﬁ.,:k‘§@€i B E B o iz ARERRE & v, 2
Z UM AT, WS, KEASF NI 40X 110 mm,
50 mm, 80X 110 mm O MR fHERR % 1 I 8 Kl
HEDET o7z, MEE HEBREEOME 4 2 1258
Fo PR L 1550C & L, BEILRPAT, AT i
) (Ca0/Si0y) 1312 & L7ce B, I I TORILTE
P & ERAT TORERZ ERT 5, BURI 1 IR 3
AT TR AIRZ, FF3WMIIo7, AT IR
?1&31&"\0)7\ F 7% 17zl 300g #1900 g 4%
AL7z HEXEPL, 2E&NMLALAT ZIIKS5L U
ke L:L—.S‘\f%éﬁi RARSmm BEDOKGE AT 7 E LT
RN L 72,

2.2 PAWAE

EUORTEAL TR L2 7V %, BrEiE T
@I‘ﬁ:’ﬁl”ﬂ)ﬂg‘f‘t A L CHEE Ls, St % X
MriE (XRD) (BR0) 477 8 RINT-2000 &) % flvC
[l L, e i Co (V) LA o X i =
W5E L7zs XRD @ X #R I CuKe, MHREMHETEE 40
kV, it 100 mA, & FHEE (20) 2° /min,
(20) 3°~90° & L7z, 7= BREEITNIRE 46 592k
U, IR E 7o 700 IR, Ik L7
FOEH0.3 g &R 300 mL % A A 500 mL DR &
FLYBETAIZED, 6EEHKFRE D L, HRE D %o
%%ﬁ%xy?»y7fw9~f%ﬂt.ﬁ%ﬂt&ﬁ
@ Cr (VI) @GS % ICP 5664 b it (73— %

W 5 A Y

— 8

7/ S T I R VI

- Bl REREE (2008-2014)

LT A 2 R s 1 R AV R B

v X)L v —# Optima 5300DV &) % flvCas L 7.
e BIEINBUEIE SN LT h fT o 70 E 72, Fii
AT‘S?W)#-H-TE. Cr (VI) IR o oz, RIS
TREEHEELIE 1 2 1.000 TEBER % T o 72,
[GREZINLIRES i MR RAY S S A Mo LA
LAV F — TR O X AT R (GRES R B
# EDX-800HS %) # Fiv», iyt X #0047 kit )
L AMEMTIIE D AT VRS OTEE R o7 F 2
R REE 19 5L L B BRE TV, K AT U
Cr (V) ZHEOEREEX 1) & & L1, BIFETHRE 46
T EINEBR AR oo T TORBATRE
19 FbRIE, KFAT 7 6g & ERH 200mL = A& 500
mL DR ZFL CHEOPALE D, 2EMAFRE D L
IRED BOBHREE AT LY 74 LY —TlEBL, 5
SANHIEOMREL Y, Cr (V) SHEmOERmE o7,
BRSNS 46 i INEER T L, ERoE ) TH D
B OKIFAT T OWAOREILIGETHED 110 TH Y,
AEHEIL 30 g, WINEBHE 300mL & L. #o B
o Cr (VI) #ilig K % ICP 3840 H oA = v ¢
EmL7ze &6, BfM7a—7~v4707F+54
H— (EPMA) (AAEFEHE JXA-8900R &) % v
Lm277MMWumﬁ~ﬁ v, KERA7 7o
r (VD) ALY o A Rt % TR AR L 720

3. BRBLUER

3.1 SiO., ALO; DFE

FTISl, S2EEGTIVIFELY KR, K& T
A (500~1500C) T2 BREINE L 7212, AKis L
THF % 72, oo Cr (V) L4 CaCrO, @ X
MM O A R 8 & OVBRIEIT 1570388 46 F 12k U 7
‘%?.1' R R 2 3123, Si0, % HAF S8/ S2 14,

L HARB B B W T CaCrOy DTS AT L
40,000 160
35,000 |- ~0—52:CaCrO« XREHBE | |49

—A—S1:CaCrOs X#RE # M &

= -—s2:Cr(V)BH RE 1120 5
g —A—S1:Cr(V)BH RE %
B 4 100 E
@ 4
% 180 ™
] E:]
3 60 %
o E
8 0 5

20

0

500 700 900 1,100 1,300 1,500
RE(CC)

X3 CaCrO; @ X #tilfrupgE, Cr(VI) HHIEE~D
SiO» N L OINEE o o
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BELEW TSR T 2 0 WA A6 @ Cr (VI) LA o 2 bkt 173

Si0,

Tridymite
+*

Uvcravite
-
- Cr03

Tridymite

|~ & CaSi0;
+

Ronkinite +Uvaravite
Ca,3Cr;Si30,,

AV M
Ca0 CaCry04 Cra0y

X4 CaO-Cr:03-SiOy AT IREEX

TWbIENbhb, ik, M40 CaO-Cr05-Si0;
FATTHARTER 2> 5 b A B & 9 12, CaCr04 (2 Si0.
AMH 5B E, {a' CaSiO,, BCaCr:0,, Cr.0st 2% 5% &

B I ENH, KEBRTIE, F32Ca0 - SiO2 AL,

HEHED CaO A 7% < % V), Cr:03 & Ca0 L DL EL
ol EZLNE, £/ WTNOHA DS 1,300C
PLE o Tl Cr (VD) LA WO LA RS v
ZEDD, CaCrO (IR THIKT B 2 L b ho
72o LA L, SiO. ¥ & o T H AR TIE Cr (V)
DEWEZEEERLTIEETETV AN L2,
Si02 12 &5 Cr (VI) O A I RIIIR AN H 5 2
EWbhhols. o IO OFEE T N R
b X MO & B &R Lz,

54> 7V S3, 54, S5 27 v I FH VY KA,

45,000

w A
LA 4
[=J=1
8 8

Cr(VI){L & ¥ X #& B #7 3% BE (cps)
nN N w
{4
°
8

0 ”
500 700 900 1,100 1,300 1,500
mREE(C)

(I ) ';’\;ll H‘”\ g_l' (D CaCrO.», @ Ca |Al.;C1‘O 16
X5 Cr(VD) {b&¥ X #ldrig g~ o ALOs ORIMB
S UYINBII O s

208

KREATTHERE (500~1,500T) 2 2 BEENgk L 72,
K L7-3E o XRD 50 ##i R % S o R & HbE T
KT I, SO RINEUE & 1382 b, ALOs ¥
BT 1,300C DL Lo i i v T b Cr (V) fk
EMTH D CaiAlsCrO M I AR SNz ZD
e &b, 1L300CH EomilsiEs T, Cr (V) bai
W ALO IZ L DEEALSNT WD I EAvRmEEie. F
72, S3~S5 W FNOHE b, 500~1,100C T Cr (VI)
LA o X MEFHAS, S1 o XBIRE Y 3L
TWbZ EDbholz, Sl (Cr0;5 & CaCOs DEEE I
R’A) TCr (VD) AL Wa b % < I % 900T 12m
BLAHATH, $XTHCr (VD ALEWIC > T3
RTE =W CALAWDOIRTHET 5, 21U
Ca0, Cr:0s, 0:(g) D IILHEIZ BV T, (CaO-Cr:03)
RAEWAET~D 0,(g) OMAS, Cr.0; W Em ETo
CaCrO, dAMIZ L DS N/ fod, TRTHE6li7 o
LALAE Y CaCrO, & % 5§, CaCr.0, % 5 Cry Oa

k L’Cﬁ?‘f Lf:t%i%j’l.%o A1203 TTJ‘—Z) Tll
O2(g) DI LB EZITR I DL L9 | thof:&‘i‘s‘;z

SNDLH, FEHIIOWTIEAETH 5.

6 2[R 5 DINEAGE & F Vv 7-BRER TR AR A8 46 A
IR RERT, 2L, S1ZECVTROR
AIZBWTE 1,300T Pl Eom#aitE 2 5 il o Cr
(V) BRI N 2O EHEL, 1.300C L
T L7z CasAleCrOw 1B IEN D V), FoE g
FiE Cri0;, Ca0, ALOy DTFFEILIC L o T LT B 2 &
Hbhrol, Db s, 7o iGFitkiyz
L7 BEEW RIS BT, AR O SR FEI T E Cr
(V) 1b&W AT ALOs 12 & W @b 8 T gD
26N 5,

LCHE, K3 THRLAE SISO,
DHIRF R D B £ T, SO

(21 Cr (VD) L&Y
2 & B A

Cr(VD)¥ ti 3 B (mg/L)

500 700 900 1,100 1,300 1,500

B ECC)
6 Cr(VI) EIINAD ALOs DRINB L TINEGLE D
W
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174 A ooE H & B R 4
40,000
35,000

30,000

X #8 B 57 34 BE (cps)
N N
S &
g 8
8 &

15,000
10,000
5,000 4
3
0 - L &
500 700 900 1,100 1,300 1,500
%2 E(°C)

i) X #APTERIE - D CaCrOy, @ CasAlCrOs
=7 Cr(VI) LAY X MR s~ Si02, AlO3 ©
AnB & IR O

WL ALOSIZ X B 61l 7 O ADRTEALD EL 5D HE
KL TDDERNSL®, Cr:0s, Ca0 12 Si0.& ALO;
LIS TRTTSE, ST I FEL YRR,
K& THRERE (500~1,500C) T 2 BEHIN#E K

7oAk R R L, XRD oM 217 o7z, EOFREN
TIZRTe SREY, M5 ORFEICHSIO, ZHML

2R T CaCrO, O X AT 5 2 &5
Morz. LA L, 1.300T P ko ic v T,
X5 & 412 Ca,AlsCrOw @ X MM AM I ST
BY, ALO; L BREARE TV L EEZ HND,

L7zht> T, Si0: & ALO; "ETF L TV AAILE
175 CaCrOy OAMIZBE L Tid, Si0, 12 & 2 4 i)
%%ih%AMLmléﬁim@%ﬁ%%mu@wf
Wartillbhs, DEoZ e L), M1RRAERERIC
NIESNTKERT 7h 6 Cr (V) OBEEPHERSIN
72901, 0 ALO; DREALIC L B HEENH S L F
26N 5,

3.2 MEEBEES L UMEBEEDFE

Al U7z & 9 12 CaCrO iz () I2 L B G I BT
600~1,100TC, 4#12900C THRH %L < 4L, 1.300C L
Rl B LT, CaCrO, DA A id BT o
WEAERELZTHLEEZLNE, T/, MIGHEH
b CaCrOy DHEMEAITHB LG I TV EEZ LD,

FZ T, ?;E’é’CrzO tCaO’& 'E}l/l‘t((ll..llt |’é’j7
VIFENVYERRE, KEATT CaCrOs A b %  FIK T

% 900C T 24 EEMn#k L 72, K& LT CaCrO, & 1%
L7z, #0#, o CaCrO, % T, 1,300C THIE
WREINBFEKE T2 Z LT, INBLRE & INBLIREE] 0 522
e EaVANEE SANN TP/ MRSk PRSI WA, &5
2T T RTINS EITH & &b, WEE2Ls
HTHMEL, CaCrO; AN~ DfE DB % <7z,

- BT R R IREE (2008-2014)

VT
L O 2 I RS i [V VA | s
40,000 160
4
35,000 1 140
—©—CaCrOs XBE AR E
2 30,000 —A—-Cr(VDBH R E 1120 4
2 <
25,000 100 €
i Es
%
B 20000 {80 ™
= H
.
> 15,000 160 =
Q E
S 10,000 14 &
o
5000 |- { 20
0 a*—a 0
0.1 1 10 100

0 %% B M (h)

X8 CaCrO,X #mifrogks, Cr (VD) &g
1300C T O nEEFH o 522

~D

K 824> 7 S1IZH VT 900C THIK L 7= CaCrO,
% 1,300C TR EInsL L7z, /K& L7-sUE o XRD
TR B & ORI EE 46 TE INEBRE TR 2R T
IE Y, 900 T 2 BRMIINEL L 7o, UK L THIK L
72 CaCrOy i, T 1,300C 12 n#hd 2 & I o hn#h

TH X MO L0 Cr (V) & INREARE KT
THIENbho. T 1,300C TOMNBER AT 2
MR DL Fo% 5 &, CaCrO, @ X fMFr#E 5 & U Cr
(VI) #IGEBEDNZIZ 0 1% o 72y CaO-Cr.0y RH T i
RER 225 b H 5 L 912, CaCrO, 13 1.073C UL LT
& ACaCrO, 1272 5, 1.300C TME L /-2 &2 4D

CaCrO4 23 #fl & BCaCrOq 2/ S L iz7z®, Tk
) AERII R o EZ S NLA,
70 L GAMKY (Cr.0; FHE  10~80%) % v

ol KBRS L VIS NKE AT 7O G5
ook R, Cr 0EHF IR AT 10% (Cr0;5: 62%

G EmBEETH o, TOKEARAT T EAVTER
Bl 588 46 TR B % 1T o 7o R, AT o
Cr:0y GTHEMEINT I, KIFAT 750 Cr
(VD) @&IgE L Hm L, SRS IR E L 0.04 mg/L &

TIEBRFE R TH S 005 mg/L ISIT Wiz R L7,
Lo L, IHREREHEZEE L -bodhond, 7
O A GHEKRYHERICL2KEAT 7D 60 Cr (V) &
HIEITEIZ 2 DI WL RLTH L bR S,

W, CORERAT F2 @G T VI FELVYRA, KK
T CaCrOs A% b % < A LR\ 900C T 2 BRI
BRI, 1,500C T2 B INB R RIS 20 ET I &
T, CaCrO; HIZ B B IR DB Z Tz 2

O FE % F T 900C & 1,500C T 2 BREINEL L 72 #,
K& LI AT 7% Fv TBRIBT SIS 46 TYiﬁ%l'['lﬁlt%ﬁ%
Fiofz#i%, 900C T 2 BEEIINE R DKIZ A Z 7h 5
1.500C oAz e, Kz Cr (V) @?ﬁ'lhﬂ%fﬁriﬁhﬂ
THI N hhrot, 72, TOAT T EFE 1.500C
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BESEW) TR T 2 1 A0 KA 5 @ Cr (VD) (LAY o 2k 1k Bl 175

T2 BB BEAE T A & Cr (V) OEINEEAKRIEC
T L7z &512900C T 2 BEImEizKRiE 5 & B
FIEL Cr (VI) OFEIEES ML Z0Zehrbd,
CaCrOs MBI DB A B ZIT D 2 LD b h ol
PEXY, 70L0GE/HAMERECRAT ZBL0
AR A~OEIEA S SN D CaCrOy 1, INERKE
WED R ) A AIHITE D L EZ 5N 5, Fii2Cr
(M AL o E DB e s h b HERHED 7 0 A5
KPR LT, B ZE L RO T O FINE oK
Bl &2 &) Cr (VD) LAY o4 % RIGIZ KT
EDLWHEMD D B,

3.3 Cr (V) {LEMDOHHMEEEE

70 LR K % v 72 0RE g S 15 s e
AT AT 7 ORAMNGEBISE % EPMA X D fTo72c &
Bita o 7 0 A EAN K O FKHHE < OO Cr Oifis)r
WEEK IR 2O, @AHLWIZE Cr OFf
TEENE L, BRI Cr OTFEEN DLW &
EEMMICEL T2, DT, R10~11 blHkkE 35,
&Y, Cr.0; A ED 12% Ofit K Tid Cr.03 A7
M)y 7 RELTHEL, AT 7 TAORE - #HiED
FREEL v, L L, CrOs WA DT 62% & i

ey
P e—— 108 um ¥

B9 i KW o> Cr D55
(I Kt Cr.05 G de 1 A7 12%, 15 62%)

11

{7eb b, TR A & #IEE L 72 & b5 FHIRD
bong b,

WIS, K& AT 7 WO Cr OISR % K10 127513
T TNUL DL, KD Cr.05 A& 62% DT KW
M OEELNIKE A T W13 % < OFEE L 7B IR
DLOWFETLEI D b2S. MO A#% EPMA T
SERAAT L7224 R, oA I21E Cra05 25 90% L o
R THE L Tz, ok b Oz TH -
720 AT 7O Cr.0s DGR, ALOs OEFRE L I
LT, MBI d e < (S HEEIZ L - TA B8,
10570 1#1E), LZz2s>T, Ihsokifid ALO; O
BIE L Cr0s O IKIEAE LD EEZ LN A,

WIS, ZOCr:0s GHR62% 07 0 A GHEI Y%
Az sz o it b oKke A 7 Firm o Cr,
Ca, Al O RZ I 111253, Bk LA &zin
2T, KEAS 7O MYy 7 A2 Cr DHHTH
LNaWwZ Enb, KFEATZTHo Cr DI
5 Cr0s BMOMENREVEZEZ S5,

COFMOMGHIEE L L, BHMOBMIZ Al %
CaDFFENMERTE D, ALIZBLTIEAT Z7D< b
)y 7 ATUZHIFIEL TV BA, NS WEM TIELmn
W, REZEMTED2L ) T E TEB L TV 285

K10 KisAT 7w o Cr D%

(iKW Cr.Os AR A7 12%,

KA T T M O wE AT GRS 22l kb Cr.0s A & 1 62%)

210



—WHEEARLE T I v 7 AFAHREBE R - Bl REE

176
2B, CalZlIL T AT ZF O~ b v o Al sty
THELTEY, HHMORMBHHHFELTDHI L
Whh b, CaCrO.id 3.1 ORI O sz BEMAIZ LD,
ALO; 2337 L TV AR T T CaiAlCrOs & L T%E
TEALSN TV B I EATRIES L, DT &5, K
AT 7o CaAliCrOw 1d, AT FTIAFET D474
DR TERL T LRIV EEZ SN D,
F 72, CasAlCrOw VEM O EITHILL TnDE &Y
HINLRTWEREL->TWHD EEbILE,
AT 7 0 A G/, DR T

AG TR —HhENLTVAEIELHY, EHLILR
STWAIEH SHAY, ERICBVTLHKI~11 TRL
2 & 9 Bl KW 5@ Cr0s B O#EEIZ LY, 25

7T Cr (V) {LAWAHIL L T B WD E 2 H
Bo VLX), Cr (V) fLAW ok = Hifl$ 576

b, Cr0: M EHEE LIS ST D008 A mmh%
RENLEILRDENDND,

4. # ]

Cry03, Ca0, Si0:, ALOy DRELA H & 4L S 7 G
Br& vy, CaCrOy 13, SiO» 3677 7F Tid 500~1.500T o
MBGE LB THIREOIT AL S, 72, ALO;
HIET T 1L.300C ML Lo fisic v Th, Cr (VD)
ILAEYOEILHTER SNz Z OO
XRD 5 & 1) CasAleCrOw T V), SiifHisic B
W Cr (VD LAWY ALOs 1o & W Rt shTw b Z
ENIRIES LSz, S OB Cr (V) OISk
B h, CarAlCrOp il EE A H 5 L b 5.
CaCrOy {3 1.300C LA o i # e 0 K v 4 T LR
A TE L Z EDbh o7z,

AN Sl DS R NAVA L IR ESakay TP R I
7oK AT o EPMA S3#tic &Y, KA S 7
7 a0 L GHKY DS FEEL 72 Mbits Cr.0s F
My ZHW SN0, 2o Cr.0s FH oEIfi#B45 12 Ca, Al
DD S N7z CroOs B & O YT CaiAliCrOy
AR L TO B REEATS W E E b,

7/ T TR (5 B~ B S VS

1

[

3)

4)

6)

~1
~

8)

10)

11)

13)

14)

15)

16)

£ (2008-2014)

i T TRl

& £ X i
ML AR T & 1 2007 HIEMT 2 A5 7 fHRF
MoK E 7= % #(2008)
LA R T34 - 2008 EIER = T A 5 7T FI
MoOBUKE 57— 7 % (2009)
FEJRIG A ¢ REEREAE & Rl = axXF 7D
MR & JISHIE, WA T &, &22% 81047,
pp. 10-13 (2007)
PR 1§ N H  B o s1 T
T HHE (B 240,
258-264 (2001)

TR i Xy > ARG A L2 1
YO BRI AL pp

) YL R A O BUIR & L BEEY SE AT

8 13%, %14, pp.47-53 (2002)

WYL s 7 a 2SRRI o A & R L R,
o745, & 647, pp.316-320 (2005)

Y. Lee and C.L. Nassaralla: Formation of Hexa-

valent Chromium by Reaction between Slag and
Magnesite-Chrome ICSTI1/Ironmaking
Conference Proceedings, Vol. 57, pp. 1793-1800 (1998)
Y. Lee and C. L. Nassaralla : Minimization of Hexavalent

Refractory,

Chromium in Magnesite-Chrome Refractory, Metall
Mater. Trans. B., Vol. 28B, No. 5, pp. 855-859 (1997)
AEE, SRR BEREMARLE T Cr.O5 AT K
PIRERRICE Y HOSNI AT 7B X ORBREZI Y
PHO Cr O, it kY, 8 61%, 8%, pp.385-
392 (2009)
JERi—, T FZ,
LT —=F ¥ AT T,
117 (2007)
tE AN /N T8
=% ¥ A7 T NVORSE,
pp. 181-187 (2007)
JEACARE,  LkITGL - MgO-CaO B AL A SO iZ & 1%
T fot g8 & OV A AR — ) > o, GRSy, 858 %, &
87“‘ pp. 423-428 (2006)

Biry o BB R B BB ILEIZ oW T
m% 46 77 (1991)
TRl - RS T A
Bl RS 197 (2003)
Wi Z © Cr,0, R K o =il 7 0 247 Lo il B
LSO B A7) iR OIS, LT Iy s
Al & 18 %, pp.2-7 (2010)
R.S. Roth: ACerS-NIST Phase Equilibria Diagrams
Vol. T, The American Ceramic Society. p. 226 (2001)

Ae ki —
fii A4,

BEFEW I RLHITN 7 0
BO9% ®3I. p

ESIEN
i} K4,

HLfi—:sa47
B50K, W4

BT

HRBEETT D B (],

211



—MAEAEARLEZ I v 7 ABATIRBME R - Fifik RIS E (2008-2014)

BESEM VAR T 2 0 AT KA 6 @ Cr (V) b4 o 2 ikt 177

Fundamental Study on the Formation Mechanism of Hexavalent Chromium Compounds
from Refractories Including Chromium Trioxide for Waste Melting Furnace
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** Okayama Ceramics Research Foundation

" Correspondence should be addressed to Shinji Mizuhara :
Department of Environmental Solution Technology, Faculty
of Science and Technology, Ryukoku University
(1-5 Yokotani, Setaoe, Otsu, Shiga 520-2194 Japan)

Abstract

Refractories, including chromium trioxide, exhibit excellent corrosion resistance, making them suitable
for use in waste melting furnaces. However, there is some concern that hexavalent chromium compounds
may be formed in such high-temperature environments. Therefore, in the present study, heating tests were
carried out at different temperatures for various mixing ratios of Ca0, SiO., Al,O3 and Cr,03 powders, and
the resulting compounds, following quenching in water, were analyzed using x-ray diffraction (XRD). The
XRD analysis results indicated that CasAlsCrOswas present in water-cooled samples following heating for
two hours at temperatures in the range 1300-1500C. It is suggested that this compound may be stabilized by
the presence of Al,O3 at temperatures above 1300C and that it has elution characteristics. Electron probe
microanalyser (EPMA) analysis of a section of the slag obtained by a rotary corrosion test was carried out.
The results indicated that Al,O; and CaO migrated to the surface of a Cr,O; aggregate that was separated
from the refractory. It is possible that the CaiAlsCrO,s formed at the surface of the Cr.0Q; aggregate.
Although the amount of Cr (VI) elution from the slag does not currently pose a problem, it is necessary to
improve this to prevent the separation of Cr:Q; aggregate to hold stably Cr (VI) elution concentration at the
level lower than its elution standard level.

Keywords : waste melting furnace, Cr;O3, refractories, hexavalent chromium, formation mechanism
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Fundamental Study on the Formation Mechanism of Hexavalent Chromium Compounds
from Refractories Including Chromium Trioxide for Waste Melting Furnace
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Abstract

Refractories, including chromium trioxide, exhibit excellent corrosion resistance, making them suitable
for use in waste melting furnaces. However, there is some concern that hexavalent chromium compounds
may be formed in such high-temperature environments. Therefore, in the present study, heating tests were
carried out at different temperatures for various mixing ratios of CaO, SiO., Al,O3 and Cr.O; powders, and
the resulting compounds, following quenching in water, were analyzed using x-ray diffraction (XRD). The
XRD analysis results indicated that Ca.AlsCrOswas present in water-cooled samples following heating for
two hours at temperatures in the range 1300-1500C. Tt is suggested that this compound may be stabilized by
the presence of Al,O3 at temperatures above 1300C and that it has elution characteristics. Electron probe
microanalyser (EPMA) analysis of a section of the slag obtained by a rotary corrosion test was carried out.
The results indicated that Al,O; and CaO migrated to the surface of a Cr.O3 aggregate that was separated
from the refractory. It is possible that the Ca;AlsCrOi formed at the surface of the Cr,0; aggregate.
Although the amount of Cr (VI) elution from the slag does not currently pose a problem, it is necessary to
improve this to prevent the separation of Cr.0; aggregate to hold stably Cr (VI) elution concentration at the
level lower than its elution standard level.

Keywords : waste melting furnace, Cr:0s3, refractories, hexavalent chromium, formation mechanism
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Influence of Added SizN, on Corrosion Resistance of MgAl,0, Sample

Tomoyuki Maeda, Akira Yamaguchi and Yasuhiro Hoshiyama

1 %8

RIS N EE, OEERRA FICBCTEIEICM SIS LML L CEELRIEL, KIS N8 EI R
T TAT F OMMEEBOHEROM LR L7253, QBILWZDOL DI AT F Y AT RSO % 4w
L, ShoMRERE LT EAROR EICo%d, EWITLREL LTS Y,

S DML A (AL UL TAER T 2L h OBEOEIICHE S h, BIUBELY—ICEN S5 2 L THlfTs
Bo B THEITOEREREIMRILT 2 & BEOIHARE Y ) A FEE AR L TZNU OIS SN, B
WECEELRATIENEEL TS, A TIEMgALO, A ABENISIN, %0.1~10mass %R L, HEMICE L

EeELNAVAREADS 7 Tk By
Table 1 Composition of MgAl,O, samples and apparent

S porosity after heating

RIIHEEHEZRT . ELTWERNE &I 2% Number of sample PR IS I I I I
EDRERET 72012, Rl %0.1~10mass %12 MgALO,(0.15-1 mm)| 60 | 60 | 60 | 60 | 60 | 60
BALsdr, F/, BT VEERIET 2 LERH MgALO,(75um) | 40 | 40 | 40 | 40 | 40 | 40
28%8M¥ 52 h b, BILTVWEEZ10mass% L C‘;”;'f:;?/f" Si;N,(0.7 pm) ox, 0.1]ex03 | ex 1 | ex 3 |ex10| -
B & IR B 72912510, % 12.8mass % i L 72 5i0,(0.8 ym) Sl 128

DEKE S VER L 7o, HBlE, RI1ICRTHAHA 0.2mass%-CMC | ex. 10 |ex. 10 {ex. 10 |ex. 10 | ex. 10 | ex. 10

I4& L, 150MPa® 1 HiANELC X 1 25% 25 % 120mmiZ Apparent porosity / % 198 [ 195|198 195 | 179 ] 12
BB L 72, 1500C, 1 EERICHER L CIERL 720 B8

B IEMgALO,-SI0, R K G, MgAl0,-SisN, % id =T
SisN oK AT o 72 BEHCHE D ILA DD BB o
BRSO VR T VEFATAHEIZLDWEL 2,

BERBIZC/S =1.32 (Ca0 : 41.0, Si0, : 31.2,
ALO; © 254, Na,0 © 24mass%) DEHA T 72 HT
Il s 42 B BRI (2 & D 1500T, 1 ¢, 3 rpm @ Gt
TiTo 7,
3 BRBIUEZE

TCRARBEOSEMEB LU RERy UV /1§
OB %RT . 10mass% il L7cH E 2B TCald ilkl
FHETL2BEINT, HMENHEITAI 7HPRA
LTwhholbZELbNAS, T/, 10mass%diliL
2B ONEBIZ BV TSIENDOTLES T —FH L T3
BIAS < ST CHAEAEL T b IR Fig.1 SEM-EDS images of I\/AI’gA1204-10mass% SigNy
EEZLND. sample after slag test.

Inside

Out side
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2 IR ARBREOREOMRN % RS, WHTHOBED S AR L > THEHIGZ KD, WREDOLEETo72.
VEIREIE =100 - GRER{Z O JEEHER S TR/ SURET O TR * 100(%)

it 2 5 7 @M EOLEICIZEDSE IV TR#E Y v ¥ F RN 217, MBNE~DZZ 75 (Ca) OFEARS
ZME L 72,

SICHIREIE B L R S OMER R EIRT Slag penetrated area

MgAl,0,-SiO,ZHAB IR EMHP T NTHHEINTE Y,
MgALO,ZHEASIO,Z WM 5 EMEREZE T SErLELLN
Bo L L, BT VEZRNLZREHISIO& RN L 23 & Y
BEEIEINE L, B ERNT 5 2 & THAEMEA N E§ 5 hE
b eEZONL, 72, REESE, ELTVEORNED
BT 212560 % { e o T B, MgAl0,-Si0, Rtk HE & T
WL WEARTRECTH o7 MEXY, NAD O &M, iR
S ERALRIN & ) BTN TR LS 5 2 E2%bh oz,

Adhesion layer

Fig. 2 Schematic diagram of sample after slag

test.
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100 | ] £
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S 80t : 8
2 a
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8 40 t s 4T
5 g
© 20 t s 2t
. . 1 00 n
1 2 3 4 5 6 1 2 3 4 5
Number of sample Number of sample
Fig. 3 Results of slag test.
4 FED

MgALO,SigN, 5 3 & UMgALO,SIO,F DB S THIEHES 5 % 2 2L D8 & A L 7558, KOHR % 187+
(1) MgALO,SisN, RSB Ol &7, TR IEMeALO,SI0% & Ml L TR T 7=,

(2) BT VWERIMBEORIMIZHE, MgALO, SN, AEE O &1, THEM L L7

ik

1) FiEMGE, REBHE - CAMP-ISI] vol.19 p.165 (2006).

2) C. Deng, Y. Hong, X. Zhong and J. Sun : Journal of University of Science and Technology Beijing, Vol.7 [2] p.69
(2000).
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BTOMEHPI R AL (PH226E 9 A 10H Bf)

RS EMAYISTIN L IZALO,COIER
WY T 3y 7 AR IREEE RIL4EZE, LR
Effects of Al;0,C Added to Carbon Containing Refractories

Yasuhiro Hoshiyama and Akira Yamaguchi

1 #E

WFREAMRYNIIREOBACPS 5% HiE L CEBAIDTENATT b T 545, BUGHE AR 2 AlLCAUKAI
Legwizd, BHEOHHEZEL TS, FASBANDKERUST 720, * ¥ 245 7V KW ZHALEE E# & LT
fTE VLI REE DB, TNLDOEBAIDREZ I TEBWH L LTALOCHAMIEELTwa " 2, ALOC
EENBRDMARAEIEN, SBALE HBEOBFNREEL, RSB/ TALCEERLEVWEZLoATEY Y,
TOMBIHIZ L B RFEEFMH KL X v 25 TVEKYOVERN 2 WEShTwb Y, RIFETIE, EEBICALO,CR K
FEHM KB LA OEHIZOWT, MgO-ChAD, ALO,CNANEMSRE TR L7,

2 EEBFE

ALOCEYRDEMIE, T I WK (999%, 02um), ERT VI =7 LK (998%, 30 um), WHREH (99%, -75
pum) ZEFE L, BRHKESYEI0h XAV IV TRAL, 7TV ITHTI700C, 1 hBE L8, kL T50
umBA T CRREE20 um) OFERE L7z,

ALOCOBRIMTNIE, —MICHALBILA L LTHEH SN TO A EBARI L IR L 2251707, K1 ORAWE
ey, BMO%, 150MPaT—HlIIERIE L, 200T x 12h OBMIE 17> TR & L7ze NADRAHIRFR KB T
ShE AT 728812, EREMEBIUOYHOWNELTo72 FLKRAEMEELN T3 b L TBLT X F 2475
A

Table 1 Composition of MgO-C and Al,O,-C samples/mass%

No. 1 2 3 4 5 6 7

—1mm 60 60 60 60
Fused MgO —75um | 25 25 | 25 25

—1mm 60 60 60
Fused Al,O3 —75um o5 25
Flake graphite ~ —150um 15 15 15 15 15 15 15
Al 30um — ex.4 — — — ex.5
Al,04C 20um — — ex4 | ex.6.8 — — 25
Phenol resin ex.4 ex.4 ex.4 ex.4 ex.4 ex.4 ex.4
Hexamethylenetetramine | ex.0.4 | ex.0.4 | ex.0.4 | ex.0.4 | ex.0.4 | ex.0.4 | ex.0.4

3 BROELUEZR

B1, 212, MgO-CNAMHE 3k L7z & &0, 200C80MEY KL L-BERE(E, BIURBRILRE
AT ALOLCEREML 7z b D1X1000~1400C 122 TEEB MR S, B TEREMINZ 4 OSAET L Tw
bo TRERAIZTMLAZ DS D131000C TRILEAMET LT 225, ALOCETRIL 72 HEHIRILEDOWMA TR S5z
W,

B3, 412, ALO;CNADREZRITHER L7z &0, 200CEkiE % ML Lo EREALE, B I ORBERILELR
T o ALOCERIRM L 723 EHZ1000TC L L OBEK T HREATPAF ICIIR L TB Y, EEIMZ ) RIEPEFTTHZ LA L
DINREL 2 o7z — T, &BAIZEMUZAENE, BERCRILEI MY L CRESBEILL T 525, ALOCx %=
L3 TRALROKTIZR SN, BER RIMRATE 22 o7,
1000C L ETOALO,COREIZ (DR THEINLE#E2 5N, FUSHETICE o TEEABINT 5,

ALO,C(s) +2CO(g) =2Al,04(s) +3C(s) )
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C=15%

Al 4% Al404C 6.82%

Mass change /%
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Temperature /°C

Fig.1 Mass change of MgO-C samples at
heating.

Al404C 25%

Mass change /%
o
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No additive
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Fig.3 Mass change of Al,O4;-C samples at
heating.

C=15%
Al404C 6.82%

14 - AlOC 4%

No additive

Apparent porosity /%

0 500 1000 1500

Temperature /°C

Fig. 2 Apparent porosity of MgO-C samples after
heating.
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= 20 *F
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2
T 15 :
S /\ Al 5%
] A
5 10 5\
3 No additive
Q
< 5 |
o e S
0 500 1000 1500
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Fig.4  Apparent porosity of Al,O5-C samples after
heating.

(DR & DWEARELORBEA KD S Z L THETELDT, ALO,COBEMNEH276g cm % Fv T
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4 FED
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ALOCEIRIN L 7- R E A KW OREPE % WA L7245 R, MgO-CNAAIT 4 ~ 7 mass%ilshi L7234, X 0FALO,
CRADNZ25mass %Il L 72856 & 12, 1000~ 1400C I A1) CTEEDINT 2 D FILF WA L d o 72, ALO,COH

FIR S B BARREZALIE +105% & RED sz,

B E AT OALO,COTMMBIEEIMAIL L TRE W EF R 575, FUSMAECTALC, % AR L2 IS8 %

FHI LB, SRIOWHE D LARIEO K

Sk

IR END,

1) S.Zhang, A. Yamaguchi : J. Ceram. Soc. Japan, 104 [5] 393-398 (1996).
2) MRV, Bk A, TR, BEAWISRESE, 4% Ak ik, 59 [6] 288-295 (2007).
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The Effect and Behavior of Additives for Carbon-Containing Refractories

AKIRA YAMAGUCHI

1. Introduction

The oxidation of carbon in refractories is a big problem
which has received lots of attention, with many lab studies
and trials, because carbon-containing refractories are the main
lining materials in steel-melting converters, into which oxygen
is blown. One of the methods that is effective for preventing
the oxidization of carbon is to add metal such as Al, alloy such
as AlSi, or carbide, such as SiC. The benefits of adding non-
oxides are well known; non-oxides clearly contribute by not
only reducing the oxidization of carbon, but also by decreasing
porosity, increasing strength, forming a protective surface layer,
causing the generation of carbon, etc. This paper reviews the
effects and behavior of the non-oxide additives.

2. Element and Carbide Which are Capable to Use
as Additive

Carbon is easily oxidized above about 700, and gases such
as CO (g), CO, (g), C;0, (g), C,0 (g), etc. are generated. For
coexistence with solid-phase carbon above about 1,000C, the
partial pressure of CO (g) rises significantly for a partial pressure
of the other gas phases, and the gas phase in the pores in the
refractory is considered to be almost entirely CO (g). CO (g)
occurs by the following reactions:

C (s)+',0,(2)=CO (g) (1
C (s)+ 0, (g)=CO, (2) ()
C (s)+CO, (g)=2CO (g) (3)

If a furnace is operated at atmospheric pressure, the pressure
in the open-pores of the carbon-containing refractory is almost
entirely CO (g) of 0.1 MPa.

The fundamental basis of effective behavior of an added non-
oxide is to reduce CO (g) to C (s), as shown in equation (4); that
is, to reduce the weight loss of carbon by oxidation. At the same

time, the non-oxide becomes an oxide, which is the basis for the

formation of a protective surface layer in the refractory.
(Metal, Carbide) + CO (g) = Oxide + C (s) @)

The reaction of equation (4) occurs under a condition of CO
(g) =0.1 MPa, however, it is a necessary condition that the metal
constituting a non-oxide will become an oxide. Table 1 shows
non-oxides that fulfill this condition.

We can understand the thermodynamic relations from the
Ellingham diagram”‘ From this diagram, CaO, ZrO,, AL,Os,
MgO, SiO, and Cr,0; are stable to 2,150C, 2,140T, 2,050C,
1,850, 1,660T and 1,220, respectively, under coexistence
with carbon. In other words, the non-oxides, consisting of
metallic elements constituting each oxide, can become an
antioxidant in the temperature range where the oxide is stable.

However, the materials CaC,, Al,C;, and AIN, shown in
Table 1, can function as an antioxidant at a sufficiently high
temperature, but they are not used, mainly because they easily
react with steam in the atmosphere at normal temperature.

Because Al and SiC are commonly used as additives in
MgO-C and Al,O,-C refractories, respectively, the behavior of
both of these materials is considered herein. The behavior of
other metals and carbides is basically almost the same as Al and
SiC.

3. Behavior of Metals Added to Refractories

3.1 Behavior of Al Metal Additive

Al reacts with CO (g) directly, or as a gas phase, to form
AlLO; (s), and with graphite and N, (g) to form Al,C; (s) and AIN
(s), respectively, and then they react with CO (g) to form AlLLO;.

Al grains in graphite powder react with graphite to form
Al,C, on the surface of the grains. And Al liquid will be
surrounded by an Al,C; layer of 20-30 pm, as shown in Figure 1;
Al1,Cymelts at 2,200T .

Comparing the partial pressure of Al (g) that is generated
from Al (1) and AL,C, (s), as shown in equations (5) and (6),

Table 1 Materials that are possible antioxidants in carbon-containing refractories

Metal alloy | carbide | complex-carbide | oxy-carbide nitride | oxy-nitride | boride
Al AlSi ALC, | ALSIC,AB,C, | ALO,CALOC | AIN AION ZrB,
Si AlMg | sic ALZiC, Si;N, SiAION Ca;B,

Si,ON, B.0)
Zr ZiC ZrN
Ca CaC, CaN
B B,C BN

Director of Research Laboratory
Okayama Ceramics Research Foundation
1406-18 Nishikatakami Bizen

282 Okavama. 705-0021 Tanan
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L

Fig.1 Schematic diagram of the reaction of an Al grain in a
carbon-containing refractory.

1600K

~

AL + C©) ALO3(s) + C(s)

Alo(g)

........

log pi

-44

-10 -8 -6 -4 -2 0
log peo
Fig. 2 Condensed phases and equilibrium partial pressures
of the gases in the AI-C-O system, with partial pressure of
CO (g) at 1600 K.

respectively, the partial pressure of Al (g) from Al (1) is higher
than that from Al,C; (s). Therefore, evaporation will occur first
from Al (1).

Al ()= Al (g) ®)

ALGC, (s) = 4Al (g) +3C (s) (6)

As a result, pores will form in the places where there is Al (1).
When Al (1) coexists with C (s), they react to form ALC; (s),
because Al (1) can not coexist with C (s) thermodynamically.
However, when Al (1) changes to Al,O; (s) in the presence

of C (s), as shown in Fig. 1, this change is explained

thermodynamically based on Figure 2.

Figure 2 shows a stable domain of Al (1) and Al,O; (s), and
equilibrium partial pressure of gas phases in the Al-C-O system
for the CO (g) partial pressure at 1600 K. The gas phases in the
Al-C-O system are Al (g), ALLO (g), Al, (g), AlO (g), AIC (g),
AlO, (g) and AlO, (g). Since Al (g) has the highest pressure of
these gases, the behavior of Al (g) in a refractory is explained
as an example. {However, since equilibrium partial pressure of
the other gas phases has a functional relation with that of Al (g),
the result will be the same if the behavior is explained based on
the partial pressure of any gas phase.} Al (g) partial pressures
for points X and Y point of Figure 1 are also shown at points X
and Y in Figure 2. Point X in Figure 1 is the location where
Al (g) volatilizes from Al (1). logPc, and logP,, of the position
are shown approximately at point X in Figure 2. On the other
hand, point Y shows that the location of 0.1 MPa of CO (g) is
near the surface of the refractory. Because the equilibrium partial
pressure of Al (g) decreases when Al (g), evaporating from Al (1),
moves toward point Y. Al (g) condenses as Al,O; (s) according

to equation (7).
2Al (g) +3CO (g) = ALO; (5) +3C (5) 0

When Al (1) disappears, Al (g) vaporizes from the ALC, (s)
layer, which forms around Al grains, and carbon precipitates in
the place of ALC;.

The addition of Al grains results in pores forming around
the Al grains. The thickness of the Al,C; layer formed on the Al
grain surface by reaction with graphite, is about 20 um, which
will differ according to the temperature. And, if the particle size
of Al is less than about 40 pm, pores are not formed.

Another problem with the addition of Al is that the formed
AlC, reacts with atmospheric water in air at normal temperature
to form hydrate. Therefore, if the refractory is cooled to normal

( a ) 1600K , ( b ) 1600K.
Sits) + C(s) Si02(s) + C(s) Mg(l) + C(s) MgO(s) + C(s)
x
o
@
&
~ -+ -3
Z \ 2,
ol
&0
°
o
r
Y
o b 2 0 10 M 6 M 2 0
log Pco logPco
(c) 1600K (d) 1600K
B(s) + C(s) B203(s) + C(s) 7x(s) + C(s) ZrOx(s) + C(s)
x
-5 <104
x
o
a2
2
£ g
g &0
2 2
\4
o
10
v . T n T T T
M M 13 N N G0 s o -4 2 0
log Pcoy toxPco

Fig. 3 Equilibrium partial pressure of SiO (g), Mg (g), BO (9)
and ZrO (g) coexisting with metal or oxide as condensed
phase in the systems (a) Si-C-O, (b) Mg-C-O, (c) B-C-O, and
(d) Zr-C-0O at 1600 K, respectively.
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temperature, even for a short time, upon reheating, it will

weaken/degrade by breakdown of the hydrate.

3.2 Behavior of Other Metal Additivies

Considering the systems Si-C-O, Mg-C-O, B-C-O, and Zr-
C-0, the highest partial pressure of the gas phase is shown in
Figure 3 for the CO (g) partial pressure at 1600 K. Positions
equivalent to points X and Y, shown in Figure 2, are included in
Figure 3.

Because the boiling point of Mg (1) is 1373 K, the
equilibrium partial pressure of Mg (g) is more than 0.1 MPa at
1600 K. Because Mg vaporizes from low temperature, it does
not seem to remain above 1,000C. Because Zr (s) has little
tendency to evaporate, its oxide condenses at the places where
there is Zr (s).

4. Behavior and Effect of Carbide Additives

Figure 4 is equivalent to Figure 3 for the case of a carbide

3),4) .
»¥ in a carbon-

additive. As an example, the behavior of SiC
containing refractory is explained next.

Added SiC reacts with CO (g) to form SiO (g) and C (s), and
then the CO (g) partial pressure decreases to a level where SiC (s)

is stable, as shown in equation (8).
SiC (s) +CO (g) = SiO (g) + 2C (s) (8)

SiO (g) moves toward the surface of the refractory, where the
CO (g) partial pressure is higher, and by their reaction, SiO, (s)
and C (s) are precipitated, as shown in equation (9).

SiO (g) +CO (g) = Si0, (s) + C (s) )
(a) 1600K (b) 1600K
AlgC3(s)C 1203(s1+C! )

L] AuGErCE | ALOeCe) SiC(s)+C(s) Si05(s)+C(s)

3
" x
z 3]
E’ -t %
g
104
\¢ 1

1 .

5 -6 - <2 0 2 4 3 2 -1 L'A 1 2
log Pco log Pco
(c) 1600K " (d) 1600K
a -
BC(s) + C(5) B,03() +C(s) ZrC(s) + C(s) ZrO9(s)+C(s)
5 X
v 144 N

‘ 8
2.7 -164
s
El

o

184
N
T T T r -2 T T T
M M 2 o 2 i -6 4 2 0
log Pco log Pco

Fig. 4 Equilibrium partial pressure of Al (g), SiO (g), BO (g)
and ZrO (g) coexisting with carbide or oxide as condensed
phase in the systems (a) Al-C-O, (b) Si-C-0O, (c) B-C-O. or (d)
Zr-C-0 at 1600 K, respectively.
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Equation (10) is a combination of equations (8) +(9), to
indicate the overall reaction.

SiC (s) +2CO (g) = Si0, (s) + 3C (s) (10

The main characteristic of the carbide is to reduce CO (g) to
C (s), which results in the formation of free carbon. In this way,
more free carbon forms from carbide than from metal. In other
words, a carbide additive seems to reduce the rate of carbon
loss more than a metal additive. That is, carbide is regarded
as an additive which is more effective than metal. Another
characteristic of carbide is understood from the example of SiC.
That is, the SiC grains in the structure are replaced by C (s).

The behavior of other carbides, such as Al,C,, B,C, and ZrC,
are almost the same as SiC. However, there is a difference in the
behavior of each carbide, based on the difference of the partial

pressure.

5. Movement of Gas Phases in a Refractory

Figure 5 illustrates the equilibrium partial pressure as a
function of temperature, for a gas phase having the highest
equilibrium partial pressure, when an oxide coexists with metal
or carbide, as shown in Figures 2-4.

In the case of Mg, Si, SiC, Al, AL,C;, B,C and B, the
condensed oxide will be found at a location some distance
away {rom the place where the additive grains are located. This
observation supports the fact that an additive moves as a gas
phase. In the case of Mg, added to a MgO-C refractory, the
evaporation of Mg (g) proceeds actively from a low temperature,
upon heating. The evaporation of Mg (g) works effectively to

f—Me(g)/{Mg/MgO;}

: /SiO(g)/{Si/Siq)
- /Sio(g)/(SiC/SiQ_;

[ Al(g)/{AVALO;}

2504 Al(@)/{ALLC,/ALO,}
/4* 4 2

Z10(@){Ze/ 750, }

- /ZrO(g)/ {ZrCIL10,)}

BO@(BMB0,}
“—BO(2)/{B,C/B,05)
i H ) A

-16

-18 = T - T T T T
900 1100 1300 1500 1700 1900 2100

Temperature(K)
Fig. 5 Equilibrium partial pressure of gas coexisting with
metal and oxide, or carbide and oxide, as a function of
temperature.
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form a dense magnesia protective layer at or near the surface of
the refractory.

In contrast, the partial pressure of ZrO (g), arising from Zr
and ZrC, is extremely low, and there is almost no movement by
gas phase transport.

When Si, SiC, Al, AL,C,, B and B,C are added, it is known
that there will be gas phase formation which moves to the
surface of the refractory. We can estimate whether a non-oxide
additive will move through the refractory as a gas, from the
equilibrium partial pressure of the gas generated from the non-
oxide. When the equilibrium partial pressure of the gas phase
from a non-oxide is more than about-5, for the value of logPi,

there will be sbstantial transport as a gas phase.

6. Characteristic and Effect of Adding Multiple
Metals

When an alloy, carbide, etc., including two kinds of metal,
such as AlSi, ALSIC,, is added to a refractory, the metals
contribute to the prevention of oxidization as follows:

For example, when both Al and Si are added to a refractory,
they both react with CO (g) as shown in equations (11) and (12).
The gas phase in the refractory is considered o be CO (g) of
approximately 0.1 MPa.

2A1+3CO (g) = ALLO; (s) +3C (s) (1

Si+2CO0 (g) = Si0, (s) +2C (s) (12)

Based on these reactions, with a partial pressure of CO
(g), the circumference of each grain will decrease. There is
an equilibrium CO (g) partial pressure at which Al and Al,O,
coexist in equation (11), and Si and SiO, coexist in equation
(12), respectively. Figure 6 shows the CO (g) equilibrium

partial pressure where oxide coexists with metal or carbide for

,~SiC/Si0,
*~B4C/By03
—2rClZ210y
—Si/Si0,
§A|4C3//\ 103
Al/A1yO3
Zx1Z2rQ)
Mg/MgO

log Pco

-104.7

- T - T T T T
800 1000 1200 1400 1600 1800 2000
Temperature (K)

Fig. 6 Equilibrium partial pressure of CO (g) coexisting
with metal and oxide, or carbide and oxide, as a function of
temperature.

temperature. The CO (g) equilibrium partial pressure of Al/AlL,O,
is lower than that of Si/SiO,, according to Figure 6. Therefore,
Si is stable as long as Al exists in the refractory. When Al
disappears, the CO (g) partial pressure rises, and the reaction of
equation (12) occurs. If all metals and carbides shown in Fig. 6
are added to the refractory, the reactions with CO (g) proceed in
the sequence of Mg, Zr, Al, Al,C;, Si, ZrC, B,C and SiC.

In complex carbides, for example, when ALSiC, is added to
a refractory, first the reaction of equation (13) occurs, and, after

ALSIC, is depleted, the reaction of equation (14) occurs.

A1,SiC, (s) +6CO (g) = 2ALO, (s) + SiC (5)+9C (s)  (13)

SiC (s) +2CO (g) = SiO, (s) +3C (s) (14)

In the case of ALSiC,, it is characteristic not to pass through

the formation of Al,C;.

7. Other Effects

The added non-oxides serve to reduce CO (g) to C (s),
control the rate of loss of carbon mass, and reduce the oxidation
damage of carbon. The non-oxide finally becomes an oxide
which characteristically acts to effectively reinforce the
refractory, as described next.

The characteristic reinforcement is formation of a surface
protective layer”, crystallization of second generation carbon®,
decrease of porosity”, strength increase”, etc. The degree of
these effects is influenced by the quantity and the grain size of
the added non-oxide (s).

The location where the oxide from a non-oxide precipitates
is different according to the microstructure of the starting
refractory. For example, when Al grains are added to a MgO-C
refractory, if they exit in circumference of MgO grains,
generated spinel crystals will form around the MgO grains, on
the other hand, if Al grains exist in graphite, the generated spinel
crystals form in the graphite. This difference clearly will affect
the characteristics of the refractory.

It is important that the non-oxide is chosen based on the
conditions of use, such as temperature and thermal cycling of
the furnace operation, the atmosphere, and the slag composition.
Moreover, it is important that the amount of additive and the

particle size is chosen based on the behavior.

8. Summary Comments

Based on the principles of thermo-chemistry, the effect
and the behavior of non-oxides added to carbon-containing
refractories was reviewed. Based on the existing knowledge and
experience, it is important to choose a metal or a carbide, with
one or several metallic elements, and to choose the most suitable
quantity and particle size, as an additive for a carbon-containing

refractory.
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Investigation of Quantity Synthesis Method of Al1,SiC,
Yasuhiro Hoshiyama and Akira Yamaguchi
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Fig.2 Weight change of wood, pitch and phenol resin.
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Fig.3 XRD pattern of carbonized wood at 1500 °C.
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Fig.4 XRD pattern of carbonized wood at 2000 °C.
Table 1 Intensity of carbonized wood, phenol resin and pitch
Intensity(26=26°) Intensity(26=26°)
Sample after heated at 1500°C after heated at 2000°C
Total Broad Sharp Total Broad Sharp
Cedar 60 60 0 601 301 300
Cypress 84 84 0 618 337 281
Hardwood 99 99 0 839 411 428
Bark 181 181 0 1:1722 1:432 1:1290
2:1006 2:341 2:665
Phenol resin 300 300 0 387 387 0
Pitch 5615 0 5615 10569 0 10569
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g L L TIRFBEDORERBIENMENZ ENSEHRILIZE Y BIEBREA TS EEZ BN D, BEIXMhO
AMEHE LT, FRERDL LBV by FO L) REMARIELEZ ~TVnE EEbh s,
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Fig.5 XRD pattern of carbonized phenol resin.
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Fig.6 XRD pattern of Carbonized pitch.
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Fig.8 Microphotograph of carbonized wood at 2000 °C.
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Fig.9 Microphotograph of carbonized pitch, phenol resin and flake graphite.
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Fig.10 Weight change of various balk carbon.
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Fig.11  Weight change of various carbon.
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Table 2 Oxidation temperature and maxim weight change

Starting temperature End temperature

Sample of oxidation / °C of oxidation/ °C Weight change / %

Powder Balk Powder Balk  Powder Balk

Cedar 560 534 643 589 -97.8 -98.8

Cypress 538 583 606 641 -99.5 -99.2

Hardwood 548 566 682 630 -96.7 -99.3

Bark 536 572 599 706 -98.4 -97.8

Pitch 672 677 761 761 -100 -98.9

Phenol resin 616 617 729 729 -98.1 -100
Carbon black 581 681 -98.0
Flake graphite 745 894 -98.1
Amorphous graphite 671 784 -84.3
Avrtificial graphite 732 843 -100
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