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Fig. 3 Dissolution rate of MD8 and M - K for different basici-

ties slag at 1 650 C and 200 r - min ™

0.14 I N1 °

012

o o
(=] —
oo (=]
1 T

Jl(mm * min™)
o
(=]
(=2
T

40 60 80
27/(r - min™)

4 71650 CHEEXN MDS M - K U ESREENEN
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Fig. 13 Laboratory tests on the influence of refractories on
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BE 1 2 3 4 5 6 1 8 9 10
Ca0 99.9 - 2.5 2.5 - 532 - - - -
MgO - 0.1 31.094.0 84.538.2 - - 63.2 -
ALO; - 99.565.2 - 3.3 0.3 8.7 81.0 5.1 6.7
210, e L
Si0, 0.4 0.2 0.8 1.8 3.7 1.8 8.8 12.0 2.3 38.6
C,0, - - 1.7 - 12 - - - 113 -
Fe,0; - 0.3 0.5 0.5 0.3 0.4 1.4 1.5 9.3 1.3
TiO, - - - - - 24 24 35 - 35
C - - - - 8023930 - - -
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CaF, -20% Al, 0, % A%% N ; B 15 2 W, 45 3| 7% Wl
B, XMNAERERNEERESERFATI0tH
2SN L, HoE M LA I S i & 25% SR T
RH WEEETHEARRE.

Toh % /EBF 5T VOD AT KBRS, FFR T 8
SARFHURTFE AL, (HESEMK, KL
WM EREGEERE. IHEH . BREE
BRR TSR, 5EMBRARZRRAERK;
T th S AL TR 3T 2 A7 39 5] B H R G50 AL BB AR
ESE, T H T SRE AR LR (Thermal -
fatigue ) 531134k ( Dusting resistance ) ¥,

Czapka %' ZE%F RH 8 38 P 8 4% Tt 4 Bt
RO 5RO S, R T HRERE N
PR ERE NI OSARSESE, HAMfA
BHBHARE K. 8RR ER N 2 BEXTHR M 5
BELAREZMW, NERAGRERAE,

BB BRI T B (LR KBEE 10 ~
50 pm) I ELES J5 4 AL 2 45 1 Cr(OH) , TR
(SFH#RA2 R 50 nm) Fl Mg(OH), - Cr(OH), IRE
BHATIR . Bi)E, >12 wm LB EI AT b 5k
i) 88.5% 43 7| T P& 2 40. 6% F158.9% ; F {2 H 2
VRETHY 17. 45 pm ARIFEZE 9. 56 m Fi12.24 pm,
2.3 EBHPELEND

R ENERI e i, BRG B a1 i Kb R, U
BRESHIRIVE S R R A B 5 RIS A
B BT, UEEHRIRE SN+ EE, EI, K0
LIy SR el G L g N RN DL P Sk 102 1S

i K BACYI A A5 e BV R — RO AL T HIGE
B, R T O

1=2 -0 )
A6 AT BOAFRIEE ;D AW KA T B R
B, C, R KRR i 2 R TR K AR B TR
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YEE B M 43 17 o 0 4 1 1) b 2 4 L MgO
- Ca0 548 KkH BRI, RHE CaO -
Si0, — AL O, — MgO PUTE R 7E 1 600 C Bif iy A X F1
N E (B 15) B4 Hmian 0,

(1) B 15 d, i MgO - CaO APBLAH L5 158 1920
B ELR MgO W AE (X)) M3cK, Bl
MgO - CaO i kA1 K} 55 6 2 21 5 Ak S AL B 9 Tl A ok
BEo el BCARANYR BE AT LATR S5 HE S5 T Ah 2 4 B, DA T Uk
BAEXT MgO — CaO #HRG R

(2)FESEIE MgO 5 CaO(C,S 5, C,S) U At
LR DE 4 bk (13 2 Fias ) Xt MgO — CaO #1}
FIRRAIZRAR /M . ZESEIE MgO 5 MgO - ALO, W
ABIEFIZE AB 45 s , X EEAR AR A (MgO -
MgO - Al, O, ) sREESS TR JOPP IR IR R AR/ MY

B 15 AT LAAE R & A 80% MgO 5 20%
CaO B EE 55 3 KL (M8 /) 7E A B B 40% CaO -
40%Si0, - 10% AL, 0, - 10% MgO H¥EE# (S &)
FEImET, KR 5 MgO ~ CaO #4834k K9 vk
B, Hge:S 85 M8 L, 5 MgO ifiE
(B 15 Gl VL) 38 45 b BIZELER, B 1600 CHIHE
# 5 MgO - CaO APkl AL WA E

SiO2

MgO

I:8i0;; 1 :A;8, ;M : AL O35 IV : CAg 5 V:CAy s VI:MA;
WI:M,S; V- MgO; X : C,S; X : C3S; XI: CaO

B 15 1600 CTHE Ca0 -Si0, - AL O, - Mg0 REVAERFIBNE
Fig. 15 Liquid phase zone and saturation surface of CaO -
SiO, —Al,O, ~MgO system at 1 600 T
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%2 1600 CH MgO - CaO - Si0, - AL O, FUTTHR MO &5

Ca0 RIBHILE DE QL3 4BAR(w)
Table 2 Chemical composition of dual CaO/MgO saturation
slag at 1600 C( DE line in Fig. 15) %
AL, 0, MgO Ca0 Si0, Ca0/8i0,
0 17.8 43.5 38.7 1.12
5.0 16.0 45.0 34.0 1.32
10.0 13.5 46.0 30.5 1.51
15.0 11.7 46.5 26.4 1.76
20.0 7.7 58.6 13.7 4.28
25.0 8.5 56.8 10.0 5.67
30.0 8.7 54.7 6.6 8.29

R MgO - CaO - Si0, - ALO, JUT & £ R

ALO, FER FEEAMRME L 1600 CERE M H K
B, AR E RISk RIE b S MO tRAE 7
BAH:
(%AL,0,) =0.61(%Ca0) -1.40(%Si0,) +1.55(%Mg0)
MSEE M8 A RMEm BB nR
A B 0 4 B A1 25. 2% MgO ., 36. 8% Ca0,33. 6%
Si0, .8.4% AL,0,, EMEHREY MgO - CaO Tif X A1k
HFAE MgO 55 CaO W FVR B 23 5K 25.2% &5
36.8% . MPBTENE i 40 B AT AR HR i b CaO Y4
BA 40% , © &8 it M R vk B 36. 8%, [ It
MgO — CaO#1kH CaO AN TEHR, T MgO &5 o

D D
Tugo = E( Cugomm =~ Cugo.8) = EACMgo

FEW,ACy,, =25.2% —10% =15.2%

BER, ACy o (BN, IEIGEE Jugo /N FHEIM
B MgO S8 ZE 15% , 1

ACyy =25.2% —15% =10.2%

VERRHE Jygo FT LAREAR 173, AT 3B4E MgO - CaO #1
BRI,

XFF MgO 5 CaO(C,S 5 C,S) WA A iy FiLk
DE WS B, ¥R IR A R], Ho4 i 2 AR . il
7£ 1700 Cif CaO(C,S 5 C,S) 5 MgO WAL A4
BEALZEH BN 3 FUR.
#£&3 1700 CH MgO - CaO - Si0, — ALO, FUTHR M0 5

Ca0(C,S B C,S) W IBA LA H AR (w)
Table 3 Chemical composition of dual CaO/MgO saturation

slag at 1 700 T %

Al 0, MgO Ca0 Sio, Ca0/Si0,
0 15.9 48.5 35.6 1.36
5.0 15.0 45.0 35.0 1.29
10.0 12.7 50.0 27.3 1.83
15.0 11.9 58.1 15.2 3.82
20.0 9.4 59.4 11.2 5.30
25.0 10.1 56.8 8.0 7.10

ERHIRE A 1700 C KR+ ALO, H 5%
if, # #% CaO - Si0, - ALO, - MgO PUSE & 7 5%



ALO, FY#E AR (LI 16) , HA A 4Lk :
Ca0 45% .Si0, 35% .Al,0,5% MgO ~15% , B
MgO &8 KF 15% ,Ca0 &8 KTF45% 4 Ca0 - Si0,
- AL O, - MgO # ,7£ 1 700 C Xt MgO - CaO # ¥R
PR B/ o

(50
0

) '] I 36 I 8 & 10 I I
(Col? Weight % Mg0—e- (Mg0)
16 ALO, S8X 5% 9 CaO - Si0, - MgO AR EE
( Osborn)

Fig. 16 Phase diagram of composition CaO - SiO, - MgO
with 5% Al, O, ,after Osborn

TN, X FER4R R Fh A SRR SR T A bR, o A
4 MgO 5 MgO - AL O, 5(Mg,Fe)O - (Cr,AlFe),0;,
A 15 B, 1 600 CHF MgO 5 MgO - AL O, (MA) #)
AL R AB, FHEHRIRE R 1650 C,EHEH
A1203 fa\ij‘] 30% Hﬂ‘,MgO ¢ Alzoa —% MgO Xﬂf@ﬁ@
#1 Ca0 MgO 5 Si0, Hy& B AT E 17 BFIRL A X 32
H, HH R R AL O, 30% MgO 28.5% .Ca0 22.5% 5
Si0, 19% ,

si6)
0

% Aigly

—

-
_

70 ane(Cadf”0~$( / v/
1 =
(Cuﬂ) Weight % Mg0-——=-
B17 ALO, 82930% 1) Ca0 - Si0, - MgO ARAVEE
Fig. 17 Phase diagram of composition CaO - SiO, - MgO
with 30% Al, 0,

X — BRI B TR 4 R — 42 & VOD &
AOD 4 MgO - CaO MgO - CaO - C 588+ 19
FHArp B EESE" ",

2.4 BHBEHREE SERNERIRE

RBRNTOPIRGER, X FEEE RESHEL R
BEBFHE 100 C, HEmsBEEm2 ~3 £, §

R AR ERIRLE S R i K iR R4k 5 9%
BRBE, —BIAR VOD BEREBEEAERL 1750
C, M RH M HREAZE T 1650 C,

R 0 R ) B AR 7, B AP IR 22 TR ) R
(6], F et I BE T K K, P ad i kA Bk RAE TR,
FIVE 5 it , FERP IR 22 1] 4 ) Bt o) oz SR B AR IR A e o
FRREI R A A B E I ERALIN RH ()8
BUE , ERBUA BRI

3 AN T OK AR R R B e

B S B BT KM BB & T 3 1) mT K 305 48
.
3.1 ErRSeRBEAREDO

ERAGEERBE—SBE ARG IS K
41 VOD.AOD DI K RH HE E FH JEHH . BREMH
FABCRESF . A T#H -SRI HA, — LR
FHPOOUFRT RS M. ST
A RER ST KA BB B & v, 7] DLk

SRS FLI 4Rk, BRI Fe — Cr #3°Y 4h, £531
FEBEBEHRE P IA Cr 88 Al #; 2 & Cr, 0, #U# B
AL O, 1k, thRBFE B R AT, B T & B AL AR &
A B B R B AR BN, (R B RE MR, |
fL#41k. M Cr - Cr,0, —SeAHED (LA 18) &,
B HIA Cr 5 Cr,0, #81, H TREE A 1 645 C BMK
ILIEY) , B R AT DAREIRBE S5 1% B e R BE

BERREE I EZE R, BN BRI IE R, B

2400
2200} s
,l
r
2000}/ — \ /
) _j{ilz v L II
g ! g0 Vo
# 1 oo --=2T =" m oo A oo
. E o 23
Cr+L AR
1600F 1645 °C
Cr+Cr,0,

14005020 60 80 100
Cr wi/% Cr,0,

: B 18 - Cr-Cr, 0, R1EH
Fig. 18 Phase diagram of Cr -Cr, 0, system
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AR A PR RE I, BB I RIS e S B
St R kA AT B 5 A0 B, B4 A2 R B ASUR R K
A AL RN 58 5

3.2 B5(Mg0 - CaO) B RBEIT

KHEEPEABEED ASFHEMhBS MgO
- Ca0 B CaO A R Z WA S BB 85, B L, b
RAEESEE  H TG . SR A TREY, A
SEAEREHANS B FHIEEN; R &EE
YRR BE R,

BEAETE B E B M B R Ca0 KAk, BHA ZrO, fi
MgO - CaO #1418 CaO 5 ZrO, JE BitE 2 2 340 C
HiRsm e a Y Ca0 - Zr0,, AT B 1E MgO — CaO #4
B CaO B97K4k., Zr0, B ,MgO - CaO #1894 CaO
SELN, KEFERAAAE. MAR ST
%] MgO ~ CaO #HHAAL™ > {Eaiff + 8y, B
WA AEAE R, A B INFR] B AT 325 MgO - CaO
RHPTK AL 1B — AR I B PR MgO - CaO
R AE FITERE, nbi R b s I Ah , A B9 el an i
BRER BB L , IR VT RE TS SR

F¥, KRR 47 MgO - CaO R 5 L R R
AE A, BP B R B AR b A P B, R R
et FHERBYE M Es AR, HEXBEH T
#FRT K.

. ERRHIEF MO - CaO WK1k, BR &R 8
BHME 2 A0, R TR REE LIRE TE A CO, 3f
B ERIE W, 55 & fi s CaO ¥ 48 CaCO,
HERRSS CaC,0, 5,

3.3 BEBR(MgO - C) FE 5B (MO - Ca0 - C) T
BRI

SRR KRR R 2 R BB 22, B ks
BBIE PR E S5 EMREFR A B, Sk
SEEmREE S AEMRRKE S M5 KRN —
SR AME AR A LF PSSR

ot F— BB FIR = A ARER N , bk S BE R B B 5 Bk
EHBGE RS ARG NEFRTRESBESZLUT
IR EE R AT B BT SE T & o Tshii 5115 . 1 B
ML RERKALES m” - g7 LB, §E T & MgO
- CREHIBEY, EREENE, B ARJUM A4
BARP P SR B BRIk R B I LUNA &
B,C W e MEE &3, DHE & Bk & B A 3% 1R
BREEmE: (AR B RES & A & 18% M BERRTL H
I, MRS RNRE. B, IORBEREREKRSA
TEFE T KRRk o B 1o PR (B 75 TR 5 194 , T e (IS 40
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KRB R X B AR K,
3.4 WPIMNEGATRIIRBRARSOIERARER

T HEES S BB P GO, (S8 254
R, Bl R 8RNI R BT R T UBRRGEAN
¥, A TiO, [ Z10, AR Cr,0, BT ER - K
SAREHBIS, DB EBRSG ARG, BEASXE
B0 1% TE R RUK IR 25 (B2 AT LA & VODAOD
RH f)— Sttt ™ B34 T & SR BB o

Kai %1 #E MgO - MgO - ALO, & H hiA TiO,,
RBBEE TiO, M ABABE I, KFLRFEK, iR B &
HEW/AD, ZEFMA TI0, £4SBUE %, 5t
PEVERER, RBIE TR 1% Tio, fyB MR R
Atk (B Wb Ll MgO 81. 5% (ALO, 17.5% |
TiO, 1% , A HEFER3.09 g - em ™, BRALER
12.4% ) 380 F H 250 BR 0400 22 3 7 #E 47 1A 3o
BRI HHa R AR Tio, 848K & AR
(Mg0 79.5% AL0, 19% ) 4278 10% ( Bl g1 20 41 yk4R
mE 22 K)o BAEEEARAATE PR TIO, MK
HIA Cr, 0, , i F Cr,0, GBI E 2% ,Cr,0, A
BT 2% ~3% 0, SILEEA, B ERERE, I
B 19 Fim . BXRMIRAR EE 4R R A A RE (Mg0 74.0%
AL, 0, 18.3% .Cr,0, 3.0% ) BI7E E S K HR AN 42 5B
RTINS , FA AR 25% (425 §7IK) .

15

BRAHK%

2 4
CroA®R%

153% 1 /mm

14 - L

0 2 4 6
CrO. & 8/%

19 Cr,0, SESESARWPESBIREZEIXR
Fig. 19 Variations of apparent porosity and thickness of slag
penetration with Cr, O, amount

BRI B A TS S B TF KA1, B FE R T MgO -
Zx0, 5 5 MgO - Y,0, 5, K Shimizu 2" #1587 it




fIIFF & MgO - Y,0, 5% I HEAF RHASET
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Ways of improving lining life and developing trends of the refractories for secondary refining vessels/
Chen Zhaoyou//Naihuo Cailiao. —2007,41(1) :1

The ways of improving the lining life and the developing trends of the refractories for secondary refining
vessels are examined, analyzed and described in combination with RH, VOD and AOD processes etc. In
the first part,the ways of improving the lining life of refractories are clarified from the results of our research
work by means of the rotating cylinder method under forced convection,the selection of reasonable refrac-
tories for refining different high-quality steel grades, such as ultra low carbon stainless steel, IF steel and
ultra low sulphur steel etc, the cantact angle of liquid slag resting on refractories, the molten slag interacting
with the refractories to form high melting point compound,the change in viscosity before and after interac-
tion of the slag with refractories ,the newly developed brick with a homogeneous distribution of many small
pores, the solubility limits of MgO, Al,O,,Cr,0,,MgO - Cr,0, and MgO - Al,O, in CaO -SiO, slags at 1 700
°C, the saturation lines for both MgO and CaO(or C,S,or C,S) and both MgO and spinel in the phase dia-
gram of Ca0 -Si0, —Al,0, —MgO quarternary system,the effect of refining temperature on corrosion and
to keep the vessel hot at off-time between heats. In the secondary part,the developing trends of the refrac-
tories used in secondary refining vessels are summarized and described in combination with magnesite -
chrome ,MgO - Ca0, Mg0 - MgO - Al,0, -3% Cr,0,,Mg0O - C,MgO - Ca0 - C, low carbon containing
MgO -CaO and chrome —free bricks, such as MgO -Ca0 -Zr0,,MgO -MgO - Al,O, -TiO,,Mg0 -Y,0,
etc. Finally,the prediction of MgAION bonded magnesite-base bricks applied to refining ultra low carbon
steel is analyzed and estimated.

Key words : Secondary refining vessels,VOD,RH, Basic refractories
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12 NAHUO CAILIKO / /it sk #4351 2007/1



KPS TR KRR A R R R R R [HPREE ...

(=" M4k, Chen Zhaoyou

3 PA AR IS BH I ARV FEBE, 75 FH, 471039
s it 4 ISTIC[PEL]

HELT) 4 REFRACTORTES

i, &0 - 2007, 41 (1)

e 8 4K

LR ; B DG s VR B SRS S K AL B S TR Tl 2004

2. Itoh K;Nakamura R;Ogata M Trends of refractories for VOD Ladle 1998

3. Jones P T;Blanpain B;Wollants P Extending the life of AIZNV'S VOD ladle lining[#F3CHAF]] 1999 (12)

4. Smets S;Parada S;Waytjens J Behaviour of magnesia —carbon refractories in vacuum—oxygen

decauburization ladle linings[#P3CHHTYI] 2003 (04)

5.Parada S;Smets S;Jones P T Development of a chrome—free VOD ladle refractory lining[#h3CHAFI]

2003 (04)

6. Gi—Gon Hong;Uong Chon;Hyo—Joon Kim Wear of magnesiachrome brick for RH-OB vessel

7.Nakamura R;Ogata M;Sut M O Wear mechanism of magnesiachrome bricks in the RH degasser under OTB

operation 1997

8. Czapka Z;Skalska M;Zelik W Mechanisms of wear of refractory materials in snorkels of RH degasser

and the posibilties for their reduction

90BcauuukoBBI;CennunxoBCl;XupwuztrosBH "Mayerton”

IHnaycrTanoBokBakxyyMmupoBanunuaCtaau 2000(08)

10. Shimizu K;Hokii T;Asano K Chrome—free brick applied to lower vessel of Rl degasser

L BREEAC R 30 T3 4R MgO-CaORIBRER i S BLAE SRS Mt P IR AR 8)) ) 2% 1985 (04)
ZEMNE RS A Cr203 8 A [] A BB SO R E S SRR AR 1 1988 (02)

13. PR A il AL203 5 H AN ] A B i B RLE R S Mk o 93 il 1988 (03)

14. Sasajima Y;Yoshida T;Kawamoto E Performance of magnesia—spinel bricks for some refining ladle

1993 (03)

15. Sata T;Sasamoto T;Lee H-T High temperature vaporization from multi-component oxide materials in

various atmosphere 1978(03)

16. PR AR 53 MR X i O RLRI B ) S5 AR 1993 (02)

17, 5K Cr2030 i KA BERI S 1991 (05)

18. rm b RN R BT R Ca0% & trMg0 D K& & 5 ¥l 1975(27)

19, BREEAG HISHE T JOMRES Vg A ) 6 2 DU TPIe ST =1 KAk 2004 (04)

20. Bannenberg N Demands of refractory material for clean steel production

21. Tamura S;Ochiai T;Takanage S Nano—tech Refractories—1:The development of the nano—structural

matrix

22. Takanage S;Ochiai T;Tamura S Nano—tech Refractories —2:The application of the nano structural

matrix to MgO-C bricks



http://d.g.wanfangdata.com.cn/Periodical_nhcl200701001.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chen+Zhaoyou%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e9%92%a2%e9%9b%86%e5%9b%a2%e6%b4%9b%e9%98%b3%e8%80%90%e7%81%ab%e6%9d%90%e6%96%99%e7%a0%94%e7%a9%b6%e9%99%a2%2c%e6%b4%9b%e9%98%b3%2c471039%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e6%b2%9b%3b%e6%88%90%e5%9b%bd%e5%85%89%3b%e6%b2%88%e7%94%a6%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Itoh+K%3bNakamura+R%3bOgata+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e2.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Jones+P+T%3bBlanpain+B%3bWollants+P%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0214530624.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Smets+S%3bParada+S%3bWaytjens+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0214036617.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0214036617.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Parada+S%3bSmets+S%3bJones+P+T%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ0214644095.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Gi-Gon+Hong%3bUong+Chon%3bHyo-Joon+Kim%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e6.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Nakamura+R%3bOgata+M%3bSut+M+O%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e7.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Czapka+Z%3bSkalska+M%3bZelik+W%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e8.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e8.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%d0%9e%d0%b2%d1%81%d1%8f%d0%bd%d0%bd%d0%b8%d0%ba%d0%be%d0%b2%d0%92%ce%93%3b%d0%a1%d0%b5%d0%bd%d0%bd%d0%b8%d0%ba%d0%be%d0%b2%d0%a1%ce%93%3b%d0%96%d0%b8%d1%80%d0%b8%d0%ba%d0%be%d0%b2%d0%92%d0%9d%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e9.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e9.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Shimizu+K%3bHokii+T%3bAsano+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e10.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%3b%e5%90%b4%e5%ad%a6%e7%9c%9f%3b%e5%8f%b6%e6%96%b9%e4%bf%9d%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e11.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%9f%b3%e7%94%9f%3b%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e12.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%3b%e5%88%98%e6%b3%a2%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e13.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Sasajima+Y%3bYoshida+T%3bKawamoto+E%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e14.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Sata+T%3bSasamoto+T%3bLee+H-T%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e15.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e15.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%3b%e6%9d%8e%e5%8b%87%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e16.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e17.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e5%ae%ab%e9%99%bd%e4%b8%80%3b%e9%95%b7%e8%b0%b7%e5%b7%9d%e5%ae%89%e5%88%a9%3b%e7%94%b0%e8%b3%80%e4%ba%95%e7%a7%80%e5%a4%ab%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e18.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%3b%e7%94%b0%e5%ae%88%e4%bf%a1%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_nhcl200404001.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Bannenberg+N%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e20.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Tamura+S%3bOchiai+T%3bTakanage+S%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e21.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e21.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Takanage+S%3bOchiai+T%3bTamura+S%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e22.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e22.aspx

23.0chiai T Development of refractori.es by applying nano—technology[#FCHTI] 2005 (01)

24. Tsubota H;Yamada I;Hattanda Development of castable for RH degassers 2005(02)

25.Bilkerman J J Surface chemistry 1958
26. W BRAE R WIBAERT KM R I ARISE 1980 (03)
27, WREE A it AR e R il 1980 (04)
28. WM A Cr2037EM KA BT AT 1990 (02)
29. WREEAC MRt BRI JOM RHR £ 5 R 1992 (02)

30.Miglani S Effect of surface area on the properties of rebonded fused grain brick

31. Asano K;Otsuki Y;Goto K Development of magnesia—chromite direct bonded bricks with Fe-Cr addition

1993 (03)
32, AT K ; V1 VA B YA R O B A 1 BE (5 i DRI S ] =i KA kL 2005 (06)
33, WREE A WA KT I SRS M Mg 0-Ca0 B A B2t 1983 (06)

34, BRAE A $EIAODS VODBERS B BE (1 s def Z IR 42 1989 (71)

35.Chen Z Y Measures for improving the service life of Mg0-Cr203 and magnesia—dolomite lining of AOD

and VOD 1991 (04)

36. The verein Deutscher Eisen huettenleute Ed.Schlachen atlas 1981

37.Ernest M Levin;Howard F McMurdie Phase diagrams for ceramists 1975 supplement

38. BRFFIR ; R AT TR M 1 A 5 Fe 2030 [ 2 A e PERE ALK AL PERE ] 1992 (04)

39. RAEP REE A T ARt = e 4 5 KA PE R 52 1992 (05)

40. ARG VE SR AT H2C204RIC024S £ 4TI AL EEA D R I Lweid i 1 e DT 18 S0 =T KA 2005 (03)

41. Ishii H;Kanatani S;Saski K Improvement of magnesia—carbon brick for lower vessel of RH degassing

42.Kai T;Isaji K;Torii K Improvement of magnesia—spinel brick for refining ladle[#F3C#iF]] 2001 (09)

L. WK Chen Zhaoyou RIKSHRN I KB IE A i i TEA5 v 13842 D3RR SCT i b4 812009, 43 (2)
2. EVRDS BEARREY I KPR IR SRR R R D038 30T - kb 812009, 43 (5)
30 BREEAC MR I O R fir i g A M IR S i) (238 301 -2006

LA, A2 IRPH. AR T, BIRN. 4E) 0 40060 32 % A4 T A Sk it 393038 5] = kg 2012(4)

2. EZE AR PRH. BEREE. EIIRAE. ARISVE. IHIBENT MgO-CaOiif JOPTRHE e 53t e T ST =i KA KL 2010 (1)
3. 5KBI1 BESCAR. PMINAR. A4, ST VSN BE R A RE A SR D18 ST =il kA 2008 (2)

4 HREP. BESCAR. MR, AT SRS VIR VODK R U P e S TS0 ] -4 4 R
2008 (2)

5. FEAT. PMIIbR. SRAEIC BRAE A AL JT RN MgATONSS S 805, BEER I it 415t S 11 L JSOR R 41205 1 i (37
W] =AU RO A A4 2011 (11)

A CHERE: http://d. g. wanfangdata. com. cn/Periodical nhc1200701001. aspx



http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ochiai+T%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QK.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Tsubota+H%3bYamada+I%3bHattanda%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e24.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Bilkerman+J+J%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e25.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%92%8b%e6%98%8e%e5%ad%a6%3b%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e26.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e27.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e28.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e29.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Miglani+S%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e30.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Asano+K%3bOtsuki+Y%3bGoto+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e31.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%93%e5%8b%87%e8%b7%83%3b%e6%b1%aa%e5%8e%9a%e6%a4%8d%3b%e8%b5%b5%e6%83%a0%e5%bf%a0%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_nhcl200506001.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e33.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e34.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chen+Z+Y%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e35.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e35.aspx
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e36.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ernest+M+Levin%3bHoward+F+McMurdie%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e37.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%bc%80%e7%8c%ae%3b%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e38.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%bb%b6%e5%ba%86%3b%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e39.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%a1%be%e5%8d%8e%e5%bf%97%3b%e6%b1%aa%e5%8e%9a%e6%a4%8d%3b%e6%b4%aa%e5%bd%a6%e8%8b%a5%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_nhcl200503001.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ishii+H%3bKanatani+S%3bSaski+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-nhcl200701001%5e41.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kai+T%3bIsaji+K%3bTorii+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ04797598.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Chen+Zhaoyou%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_nhcl200902001&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_nhcl200902001.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%b4%aa%e8%8a%b3%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_nhcl200905018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_nhcl200905018.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_HY
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Conference_6120570&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Conference_6120570.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%a8%e5%b9%b8%e7%a6%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b4%94%e5%ba%86%e9%98%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%85%b5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%af%9b%e6%99%93%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b4%94%e5%b9%bf%e8%bf%9b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_gyl201204017.aspx
http://c.g.wanfangdata.com.cn/periodical-gyl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%ae%8f%e8%81%94%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b4%94%e5%ba%86%e9%98%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%96%9b%e7%be%a4%e8%99%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%97%ab%e6%8c%af%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ae%8b%e9%b9%8f%e6%b6%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%94%b0%e6%99%93%e4%b8%bd%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_nhcl201001018.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e9%94%a1%e5%b9%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%96%9b%e6%96%87%e4%b8%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e5%8a%a0%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e7%ab%8b%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%aa%a6%e5%8f%94%e8%8f%8a%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_nhcl200802009.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e9%94%a1%e5%b9%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%96%9b%e6%96%87%e4%b8%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e5%8a%a0%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e7%ab%8b%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%aa%a6%e5%8f%94%e8%8f%8a%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yjny200802010.aspx
http://c.g.wanfangdata.com.cn/periodical-yjny.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a8%8b%e7%ab%b9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e5%8a%a0%e6%9e%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%90%b4%e5%ad%a6%e7%9c%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e8%82%87%e5%8f%8b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e9%87%91%e7%9b%b8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%87%e9%be%99%e5%88%9a%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_bjkjdxxb201111013.aspx
http://c.g.wanfangdata.com.cn/periodical-bjkjdxxb.aspx
http://d.g.wanfangdata.com.cn/Periodical_nhcl200701001.aspx

