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Study on the Source of Slag Inclusions in Steel by Zircon Tracer

Synopsis: .

Hiroshi NAGAYAMA

In order to investigate the source of slag inclusions, zircon sand (ZrQ,-SiOs) was added in the reduc-
ing slag of 10t electric furnace and calcium zirconate (CaQ-ZrQ;) was produced.
The behavior of slag inclusions studied by determining ZrQO, content in oxide inclusions extracted

from steel specimens.
The results are as follows.

1) Slag inclusions were mainly originated from the tapping slag in electric furnace process, and a
small part of them was originated from the altered layers of ladle bricks.

2) On the basis of some experiments, it was considered that fine slag grains mixed into molten steel
as calcium zirconate reacted with a~Al;Oj; that was producd by Al deoxidation in the ladle, and ZrO,
was dissociated from the calcium zirconate. Consequently, baddeleyite (ZrO;) was found in slag inclu-

sions.

3) Some considerations on zircon tracer method for investigating the source of slag inclusions were

discussed comparatively with RI tracer method.

(Received Mar. 12, 1970)
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Fig. 1. Sampling place of steel specimens in casting

stage for extraction of oxide inclusions.
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Table 1. Chemical composition of test heats (%).
C Si Mn P S Ni Cr
0-22~0°25 0-35~0-42 0:-65~075 0:012~0°016 0:007~0-012 0-08~0-13 0-10~0-20

Table 2. Melting and casting conditions of test heats.

Condition of Furnace life

14~-333

electric arc furnace

hearth Weight of used

materials for repair

Magnesia clinker 30 kg/t for charge no 2
Dolomite clinker 10~15 kg/t for another charge

Tapping temp. (OP)*

Ladle life

Weight of added Al in the ladle
Casting temp. (OP)*

1 480°C ~1 520°C
2~16
0:8~1-2kg/t
1 440°C ~1 480°C

* OP : measured by optical pyrometer
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FWMULAHD E DTN, HEZERBRR A R L
Fo. INHOREBHBEIINENS F v — T 2Tk D
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Table 3. Chemical analysis of zircon sand used for

the experiment (%) .
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Table 4. Sieve analysis of zircon sand used for the experiment.

Particle 0417~ 0-925~ 0208~ 0147~ 0- 104~ 0-074~ <0-053

size (mm) 0-295 0-208 0-147 0-104 0074 0-053

(wt 2) 03 2.4 | 336 515 | 120 01 | 0-1
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Table 5. Chemical composition of slag samples (%) .

Charge | Addition | ying of slag | SiO; | ALOs | FeO | MnO | CaO | MgO | ZrO, | Sum
1 Added Tapping slag | 24:50 | 2-42 129 0-09 54-78 | 11-34¢| 2-74 97-16
Ladle slag 30°74 | 637 | 118 tr. 45201 9-94| 316 9659
{
Tapping slag | 2196 | 253 | 019 | 005 6580 | 351 | tr 9404
2. | Notadded |y 4l slag | 31°62| 618 | 1'14 | tr. | 5437| 338| tr. | 9669
Tapping slag | 2582 | 3-07 061 tr. 53-77 | 3-43 8-18 94-88
3 Added Ladle siag 3010 | 5-81 | 2:27 | 024 | 49-49| 576 | 3:74 | 97-4
" . Tapping slag | 2610 2:72 | 072 | 005 | 6361 ] 369 | 016 | 97-05
4 Not added | 7. ile slag 32:38 | 5'32 | 080 | 002  55:37| 387 | 0-16 | 9792
|
"Table 6. Result of X-ray diffraction analysis of slag samples.
. 3Ca0- | 2Ca0- | 3Ca0-
Charge | Addition . B-2CaO [r-2Ca0O |3CaO- . CaO-
. K f sl . . . . .M
o of zircon | Kind of slag \Ta; 5" [1si5. ~ [aL,0, | C2F: ésa‘% Qi%?s gg’fgz 80 | Z:0,
| Tapping slag | ++ | +++ ++ ++ +
I Added | ol slag e+ |+ + +
9 | Not Tapping slag | +++ | ++ +++
, added Ladle slag + + 4+ -+ ++
| Tappi 1
! pping slag +++ ++ + ++
3 ; Added Ladle slag + ++ ++ +
|
4 I Not Tapping slag | +++ | +++ ++
i added Ladle slag + 4 ++ +++
++ + strong + + medium 4+ weak
Table 7. Chemical composition of altered ladle bricks (%) .
Sample | Addition of zircon| Ladle life | SiO, Al,O; | Fe;O3 | MnO CaO MgO ZrQOy, sum.
1 Added 11 3760 | 8:23| 2:61| 069 | 35:22| 890 | 202 | 9527
2 Not added 12 71°58 | 13:45| 1:52 3°10 7:60 | 0-80 tr. 9805
3 Added 15 39-98 | 10-82 | 16:40 | 344 | 2290 | 034 | 2-3¢ | 9622
4 i Not added 16 59-68 | 14-10| 514 | 138 | 11°46| 276 tr. 9452
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Table 8. Result of X-ray diffraction analysis of altered ladle bricks.

'

[ i
. Addmon ' 2Ca0- A1203 ; CaO-MgO- 3A1203 F " ;
Samplc? of zircon  -SiO, CaO-AlLO; ! 2510, © 2Si0, : a-quartz  a cristobalite
| Added ++ -+ | ’
2 Not added + | ++ + ++++
3 Added + + + g | +
4 Not added i | -+ 3+
Table 9. Chemical analysis of oxide inclusions (X 10-%95).
p— e P . R - - - - s ; — - .z o = = ==
Addition of . Sampling period . ‘ 1 L
Charge no zircon ' of steel specimens Si0, ‘ AlO, | Ca0 i MgO Zr0O:
: Before tapping 46 | 29 ( 3 12 1
1 Added Early stage of casting 43 - 85 7 13 15
Last stage of casting 32 | 100 8 13 21
Before tapping .29 | 31 ’ 5 16 tr.
2 Not added Early stage of casting 22 ‘ 9% . 5 18 1
Last stage of casting 19 77 2 17 : 1
Before tapping 30 22 1 15 1
3 Added Early stage of casting 29 94 3 22 12
Last stage of casting 23 101 2 18 11
Before tapping 24 24 1 9 tr
4 Not added Early stage of casting 31 83 9 13 1
Last stage of casting 36 97 8 13 1
Table 10. Result ot X-ray diffraction analysis of oxide inclusions.
= S SR ;
Charge Addition Sampling period CaQ- - CaO- (Mg. Fe) a- b B a-cristo-
no of zircon  of steel specimens ALO; - 6Al,04 CO-ALO;  AlLO, 1 ZrO; a-quartz : balite
Bcforc tapplng + + tr. ‘ +
1 Added Early stage of casting tr. + + -+ tr. | 4+ + tr. tr.
| ; Last stage of casting tr. + ++ —+ ++ tr,
. Not Before tapping + + tr. 1 tr. tr.
2 " added Early stage of castmg + + -+ + | tr,
Last stage of casting + ++ tr. tr. tr.
" Before tapping + .
3 | Added Early stage of castmg tr. + ] ++ tr, + tr. tr.
Last stage of castmg tr. + ++ tr. -+ tr. +
Not ' Before tapping + tr. | tr | tr.
4 added | Early stage of casting + + + tr. | tr. | tr.
| Last stage of casting -+ ++ tr. | + 1‘
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YRR, 1BEAEGESIC CaO-Zr0; DR EL
TS5 Ens, EIXNNEZEAINLE F1213 CaO-
ZrO; LLTHEELTWARTTHY, &HRICHT
DIRARA R L & L OME Rz X D, CaO-ZrO, #2
STIEL ZrO; ZWEL ob D EE 2 5.
3-2 MRS M FORARE

Table 11 5 X120 Fh o avd » RN
EEZIHBIRTA 5 S OLEFEMR L X O X RS
ik L. :

AT 0HD LrO: FHENY, 2T 7 Dh IXAHBFR+
DIEDTete b, LT LS 23 % v ROFINE

Table 13 Z B LTS OILFESIER LR L.

MALRAEW R D ZeO: EFH R, »HRSTFLE U
N3 Y FORMEIEFIL T v, 3ERm
BIZONTHINL TWB Z 2 RBBHLNS. Zr0O, LU
DR IT DO TRERELLEIHIR Shrsu.

Photo. 1 iR i B 7o /o104 O S-SR S5 7
H%&7/RL, Table 13 1z 2 o6 ftEWIZ 2T EPMA
WX E{TieotciERETR L7,

B ONEYVE, Photo. 1 a (Sample 1) iTB 50
5 K9, R OEWMSVE, BEHD AR LATERE
Hrh O & FROBMBIH AR L Tk Y, AT

IRLIEBIL Tuvigvs, [EFREEEE IRmiEicohTL
EWIZKE LD T D EAEDLND.

Table 11. Chemical composition of tapping slag samples (%).

DR T H o L DEEST,
Ca0-MgO-FeO-AlL,O; DL DTH Y, FHED X

Table 13 LK XS

e
b

Samplin iod of Weight of added . .
h pling perio ecig ] 7
Charge no slag samples ;! zircon sand ( kg /t) ‘ Si0; Ca0 Zr0,
1 Before zircon addition ' 26°08 58-30 nil.
After zircon addition | 1 2694 5540 0-84
9 " Before zircon addition I l 2330 4889 ! nil.
After zircon addition 3 24-06 5262 1:92
3 Beforc zircon addition | 2384 | 4561 nii.
After zircon addition 4 , 2584 53-73 4-51
Table 12. Result of X-ray diffraction analysis of tapping slag samples.
Charge Sampling period of | 8-2CaQ. y-2CaO- CaF MO Ca0-MgO-|3Ca0-25i0; CaO-
no slag samples SiO, ; Si0, ne g Si0, -CaF, ZrO,
! i
1 | Before zircon addition + 4+ + 4+ + + tr. |
After zircon addition + 4+ + +++ + + tr.
9 i Before zircon addition + + + + -+ + ++ + +
After zircon addition + 4+ +++ ++ 4+ +
3 " Before zircon addition | +4+4 | +++ ++ + !
. After zircon addition + 4+ +++ i ++ + | ++
Table 13. Chemical analysis of oxide inclusions (X 10-495).
Charge Weight of added o . . "'. 7 ]
no g zircogn sand ( kg /t) Sampling period SiO, Al Oy CaO ‘ MgO ZrQ,
1 1 Early stage of casting 13 62 S 15 i 1
Middle stage of casting 16 62 6 15 1
Early stage of casting 13 54 4 15 l 3
2 3 Middle stage of casting 11 64 6 12 t 4
Last stage of casting i 14 74 5 11 3
Early stage of casting 14 56 5 13 4
3 4 Middle stage of casting | 16 55 3 12 9
Last stage of casting 15 71 5 14 4
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Table 13. Analytical result of some oxide inclusions by EPMA (%) .

Ratio of area

FeO MnO TiO; Cr;0O3 CaO "MgO ZrO;

Sample %) Fluorescence . Si0,  AlLO;
l Large grain (70)‘: Green+ Violet 09 | 48 | 29 069 .ot . 71012 ! 0-03
Small grain (30, blue 2-5 18 40 - 32 Il tr. 0-43 tr. 65 15
) 90 Pink 14 82 60| 053 , 011 | 037 028, tr. o
- 10 - Bluish violet = 2-1 64 25| 0 ¢+ ot | 0:45 , 090 36 tr.

Photo. 1. Microscopic structure of some oxide in-

clusions appeared in steel specimens,

%1000 (1/2)

WS R, Ca0-6ALO; & (Mg, Fe)O-AlO, %
TRETBHLOTHL. EHIZTNSORTOFITH
16t % smre ki kRS, CaO & ¥ ZrOs % &)
+ % MgO-FeO-ALO; DO bLOAEEHERL T 1,
X mmliss e BB G X 51, (Mg, Fe)O-AlLO,
L baddeleyite(ZrOy) 7~ S K% & O TéH 5 . F 7 Photo.
I'b (Sample 2) o>580%, KRG % b DD HEOFR L
WY D FeO-ALO, RO DTH Y, WL
VB EGRI NGl MgO 2R s G AR
FDOLOTHLT LN FRDLNS. E5C Photo. la
T, (Mg, Fe)O-AlLO; & baddeleyite 2304 L
CTRTET L Z Ry, m T SMRT M & LT AT

HERE RS TS L EERMB A FE 250G, [

RO XS Ca0-ZrO, MR T VR TFiE, & D~N
B 5 EEEETRIC BT, Ca0-6 AlO;, GaO-AlOy
YN T NI 3 — b s Z U baddeleyite i Zi{ 5 A5
SHH O RHWEMIET S L R BEL RETDH
. Ziue ORHEEEIC BT D ZrO, OFAEEDOZA{L
oW, TREDIEE A ER KBS, TRV, &
DA G L THE IS BRIC KV TR
Ll EDANEICHHEBRICET S5 7l
HFo CaO/Si0; @ KT, I LU BREERMTH D
ALO, rOMERIG ZXBZ ENFEXLNS. CaO-
ZrO, AR LTI, P. Duwez 549, M. R. NADLE
5%, C. E. Curtis 500ME»H D, CaO-ZrO, &
MgO, ALO; 7 & & ORIGHIZ W TIE, HAD, M.
R. NADLE LYD& H D

CRBOYRIC LD &, ko CaO id ZrOy Lil
witka o < b, Ca0-ZrO; o/l fix CaO & ZrO; D&
EREMBELNS &, Ca0-ZrO; & ALO,
DRI OWT, BARREIG L TR D,
M. R. NADLE 5V CHE/NE 238, SBITH R Is
WT 1750°C Bl kT B & b & e L Tty o &
ATV S L7320 T2 s ORMBIC DWW T &
LTV D Vv 24, Bk X2 78 ZrO; oG RiED
ZAIZ DV CTRARERRATTRETH 5. Z /oI,
FFECMRAEDhO ZrOy o X LM, il
Eoils:, 5 kU CaO-ZrOy & ALO; & OFIR KTIT
DT T o1

EEAL T et 00 ZrOg 0 X & (iR 35 £ TNkt
KR i oD {BIE 13 5E A % 0°25°/ min, 35 Kvp, 15 mA @)
& CR7s o, F2lbiatit & L Co, CaO &
iR Zr0g odtld, AEio CaCOy L ova oy
v R TR LT CaO/ZrOy 75 1/4 12D X D IRATL
frd o, NE 10mm OSEL Y FONEES a”) 15
nmlﬁhﬁn—“4>ﬁw,lMB;ﬂﬂﬁ£ Ar
Zufir, 1750°C ;2 30 min muJJZ'Eﬁ%wﬁU?ﬂerTfik‘,
IR TER S T S X OB SR T S5
RO mFL 0, CaO & ZrOy JMGEE VTR D &
B L Lo MERT B L <, CaO-ZrOy Z4:pk
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Table 14. Measuring result of X-ray half value width (HVW) and distance of each crystal surface(d).

Chargc Sampling period : Charge Samplmg penod T
no in casting HVW d(A) * No in casting HVwW a(A)
1 Early stage - 150 3-1783 3 ; Early stage 240" 3-1839
: Last stage ¢ 180 3-1727 ‘ Last stage 240" 3-1727
9 Ea1 ly stage ‘ 16 8' 3- 1750 4 » Early stagy 24-0' 3-1727
Last stage 18-0' 3-1780 : Last stage 30-0' 3-1839
LrOz produced from CaO 7r02l F ) A ‘: Z;Og produced from CaO-Zr02| .0 ;
SiO; sintered body ;180 3:1730 —Al,Oy sintered body 240 3-1730
Table 15. Result of X-ray diffraction analysm of sintered body
— e e e - e -
~ Mineral |
Sintering ™ phase Ca0-ZrO, | ZrO, a-AlL O, CaO- AlLO, CaO-6Al1,04
temp. (°C) N \\ ‘
1550 | ++ ! tr. +++ ++ f -+
1 600 ++ h + ++ + , ++
1 650 + + | + 1 ++ | + | -+
1750 ! ++ ; + : + | + | ++
o v | ,

S, TREHED a-ALO; L xENLT /6 D
ivgﬁéb,é&mﬁﬁmM%chayboz%%
i LT ZrO; %#87-. T@hh@m@ﬁ%%ﬁ&%
¢@zmha>xﬁ+mmx;0E%MM®wi-
RL 7.

@mm$ﬁE%K%HZ baddeleyite @ ffil@rz,
Ca0-ZrO,-Si0; FlftEMds X8 Ca0-ZrO, & AlLO,
& OIRAEE W 54 5% L 7= baddeleyite D F itk L,
KEWDH Db BH 52, @%mém@@%&ogﬁ@@@
EIRE T NEWMEE & LS OB B S 2L R
—TREVEPHB TS D0, Thooltils 5N
¥y 0> baddeleyite 4 RLRM A £ ET 5 2 L IR RE
THb.

CaO-ZrO; & AlLO; LDMERIGERIIOEDLS
LTI 27 Ao X 52 L TARLL 7z Ca0-ZrO,
& a-ALO; L DREW &SRB X v, 1550,
1600, 1650 35 X8 1750°C 12 71 30 min 488
7c- 1550°C MEBORBHIB WES 4RI BETH O
A%, 1600°C LI EiC /Bl U 7o 50 4 ik L C v e,
TN DOEENT DV T XEREF 2 Tl D7 R % Table
15 iRl 72

Ca0-ZrO; & ALO; * OFERISIE 1550°C L ki
Bz v, CaO-ZrO; 134# L ¢ baddeleyite %4k
JEL, &5 Ca0-AlLO; CaO-6 AlLO,; 7t &0y CaO-
ALO; REUMMEELERT B EBBEDLNE. EROH
%$V*“*i,ﬁﬁzﬁh%%4rﬁ? VA SR O E
L5, BHEREIHEITIDXI L0 KETINLS

DEIGHRI BT ENEZLND. LB DTR T Jp
D Ca0-ZrO; 25, & D RNITHT S Al gk ch
5 ALO; LA EGERI T I,
T S T L AAEERTES.

1. & =

41 RSTBENEPOERBBICEATIEE

ARRD X ST, 277 BFENEWOEBHT &L T, H
WIATA I WM LIz a % o R, SUSHERE 3
WCIZEAEFESLI Ca0-ZrOy TTLL, 2T FD—
e LCHET S, »LIRAOBIC—EEiRhiciR
AL, KEIGOEF|MALICHTFE &I, HIRATIAH
PRI L THRET S EBF 25N 5. HEHATE
T TiEd 525 ZrOy OFENRRD LR DI

LORARNT LRI EBTES. Thbboia
Y U FONESTERICE S L, 00074 mm DT
BT 0°29% THBP, ThEORFILD>WT, Ab
— 7 20BN XV B ERET O RMA2EH L TH5 L
2'4~3 min BEIC/ 5*

LD 2 TRAITEmMT OV U FaeifiLer L
ALK, 2~3min DIRNIC B2 RE L 72354
INLOUN2 U 2 FRENFOWL LIRS
RICEIB L2 2OREIDIEITTH Y, KERICE
J BB PERE O BRIRE A 2 XA 2~3 min THO

* Calculated from the following supposition, density of molten steel
6-9g/cm3, density of ZrO; particle 5-7g/cm?, coefficient of viscosity
of molten steel 0-010g/cm-s, depth of steel bath 70cm, average
particle size of ZrQOj, 0-004cm.
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FoZ &b, BLLENRLWINS DM it S
1D LEZHELTES.

FEBRIE NI Y U RORERGER T ERGL T
CaO-ZrO; 4K T 5 LROND 2 EM5, T LD
FHMEWE L THIREIND Z EHEZLNEDT, ¥
WA K ORES OB, S, FHEO XS 3
%352 LIRSS . & IR 5 I
V3 W REFIML 728, A EY T D ZrOgl3 P
BIERWTEL L LORFEINL T 525, Zhlidind
DEH, ED_NCETLMEERNTHD a-AlOy
LEELRBERSH D, LIN I HEBRICE
T, A77METFE a-ALO; L OFHE RISHIT bl
5EXxT, CaO-Zr0; & a-AlLO; LREL ZrO, #if
HEL A ONEW E LTINS e EF 2 bhb.
FoNA B RERMLAEAZ TSI D TRESN
Tor W RERAERCE, 2% BEO ZrO; Baih T
BY, chborhxic, 2770 varsy o RER
IMUT W IGEE Z@ L 75, ZHERO Zr0, i
SELETHHLESTWEDR bbb T, PhaEria
RiZEEn s MAamh o ZrO, EH =T, LR
DEEL T EAEFRRTHSD. LIohDoT, &HHEAE
BREPBIRAT DA T 7RI ILEMEIFEL,
MW E L THIR SN 2 EREETED.

BB O & 5 B LR N R O ZrO, H &%, ¥
A LH L ROBRIMBIZ >N CHEINT 525, ZrO; L4t
ORI DOWTIE, Dva vt v FORMETBEES
W EMBED LN O &M CaO-ZrO, & LTHE
RIS L TV DR T SRR S & L DA
S X AR T 5 CaO-ALO; R§LtaANEEm & LT
i X B AT, CaO-ZrO; O BICBHES V2 & &
ThorEzLNE. ILENERFO CaO OEHE
i, A7 0 Zr0y(Ca0-ZrOp) @ EITEFRL <,
CaQ/ZrOg [T WTHD E, ZF7 5D ZrO; O EM
R & ZWEREL, BB ENSLKEDT EPHD
Bhd. 20z & CaO-ZrO, LB & OME
RIS 2 CTHaRT 5 ZrO, &, CaO-ALO; FHgKia
T, AW E LT HIRE S B R 2238 b, CaO-
ALO; REEWHOIES MBFLLRTWVWI LA TTLOL
Hxbhb.

S BT HRRT I X O EERIE SR o o LE
MR A LB L 22 A, #hERRE Tk VT ALO,
MEL LML TV 575, Si0; OFHEITIXT AL
EEMNEDLNT, ALO; FIEFWITHML 7V T A —
FELTHETH &0, SErE 2 onivit
ALO, oy, MEARKDICER TS LOLREL T

g2 5 7 DIRABEZEIHE L Thiz. Tbbon
a4 NE 3kg/t IRINLICBEECDWT, A7 5%
KEEND ZrOy % 5% &35 LA OHBEE 40
kg/t 705, Pkl X OH MR R oM EDICE
Fhd ALO; OELZRD L LIFIF 70X10749 Lin 5.
INEREAEMCERT 20 E L THE, EH»IT
ATTDRAC LD LBPN5 CaO, MgO i kUi
ED Si0p, Al,O5 % HISHRTIA T VB ONIED RS &
LTEHET 2 L, A7 7 RBIENENOHEEITTIE 30X
10-%2% L7c D, HIAEIR T V&0 0.08% »447E
e LTHIIEIN A Z LI 5. £ EwiE% 100
~150x10~4% L% &, fEweEo 20~30% BE
2T TRBOS DR EDLT LIS,

42 B{EPENEPRCHEITD Zr0, ODEEREDOE

it

BHRO X918, WMEaTR 7 sC v a Ly v R EEN
LT Ca0-ZrO; Z4A X4, CaO-ZrO, Mo ZrO,
BOBEF & U T FEERE 17 070h%,  $hiErkg etk
O NEMT BN THE, Ca0-ZrO; @ B Tii7s < bad-
deleyite * U THETHZ EMBPALMTADR. ZhiT
DNTIE, EHORR T TIZET S CaO-ZrO; D[Eifiig
TEEAS, HMEIA 7 IR H NI AT L Lo Tw
5 &, ShEEE o EDCE VT, HETRTA
FONEPITH L ZrOy & & B2 AlOy A3KEE LT
L L END, BIRO XS TDEDXS RGIZ LD
T ZrOp ZHiffk L7230 EFEZOLNS.

Ca0-ZrO, + 6 Al,O; — Ca0-6 Al,O; + ZrO,

CaO-ZrO, & AlLO; & DS, BEMEICHIERIC
BT, 1550°C PLEICRWTRRI B 2 & &R 15,
LD NND D WSS BRI ST 5B MOIEE 1450
~1500°C FEE THEHOIT b bT, NIEDh Ic
ZrOy 2tk L 72 BI TR T 5 2 L2 T, D
BT DD 7o DI RERA K E {, EMRGICETS
LD HIBWMEORE L ETHMHRPERENILITLDD
DEEETED.

X5 EET N EvE, Photo. 1ICRLA LS iC, T
R ZrO, vx, (Mg, Fe)O-AlLO, 7o & & & HIfiin
KA LTCHEEL, CaO-6 ALO;, (Mg, Fe)O-
ALO; 7 E DRSO THERETH L ETHS. Th
B OFFAKAEI DV CUEBA R L B RRIRE T 5 75,
ALO, AT FLgEEL, 27 5o CaO EFIGL T
Ca0-6 Al,Og &2k % & &1, Wk U /o ililis ZrO,
FILERIRE S E <, Ca0-6 ALO; L@EEETH D72
Wi, FELAETREETCHFAETILOLE 2 LN
L. ZrOp X ARICIAER & OFRMIRENSKRE <, ik
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VWE XN, Wil KOS E VAL L LT
EvibTwbh, FEILEALNACXSK, bl
FRIGW X » T4k L 7- & B 5 baddeleyite 3 2~3
pOMBFTHY, BLTETCHININD LD LHEL
TED.

4.3 b -4 &ELTOZ LI OFH

B L TR O 4 B BE 008 BT B 4 B TSk D5
WHEWTH, RI Py —3 %2 R LALOMRE L, i
72D X 9 IIERURTE b v — 3 2R L lmE, Tk
FIRANEMC OV TP DR NS, 2T JEEN
TEMEONTIRIE E A ERY7 5.

AT IV ik, HEERI 2 7 Fdic Ca0-ZrOy %
HREd, CaO-ZrOy 0¥ ZrO, ZEYWT 5 &%
Sz tons, ABRDO XS, EDREBBVIEED0D
OB BRI WT, Ca0-ZrOy Mt H Z & hs 3l
Wwihhte. Lasl, CaO-ZrOy & X DD 2 5 TR
DS, Wik &L OMERICERET, TEME L
TR Eh B ERPBRO NN &b, N
o ZrO, §F BEEIETHC LITX D, 25 VR
N OERRB T2 LRARELFEALND.
RI # b —HEUTHERALA J. M. MIDDLETOND, &Y

N SDOME TR, WEIKBONEDITI T, Wit -

KB FEIL EDRAD PN HD T LS Ty
B3, T KGR ORI DOVTRE, L 72k
OMETEERD Y, ANRTHERAL-ES ko oFmH]
RO IEEARDIERIELDTCHEHL, 25 I
SEML E LD TLETHLALDIC, TNOEBREALLE
LTCHHSRRTA 7 T hiE &b Thn o &a
oD, KUIRICEWT, AEMHRICZT Sl
&) RN AE DIRAD E LD THI 2 & HER
DENT-DRINLOMBIL LD LDEEILND. &
Foh R RN B vt AL Oy DRGINE, BEE4: gk
WHEET 5 E{RE L THIEERTA 7 VY ORABE 2 HEE L
TfER, 2T TREODOBNEMEED 20~309% 2
EAEDDL ENEERTEL. IhHORIE, =27
= FOOMEILROND ¥Ca ZFEHALAESD 276
%, TINLPDRNTWERT FhHD CaO DREAR
4:50, CHULELLKRERHEZTRL WS TRIEEH
HTHTEL 2 MEDPLLER/ NV TH Y, HE-
FHEBRICETD S0, OEMMEAR ED LNV E T
Bhb, TRNHOBRIIEWTHAMELZEDL Y 35
ERXNTEWOIRAIPTLAE LD EAbhS D &,
CaO DI ICRBAT A 7 V' hlizEEn T 5 MgO Iz #2
H3 20w h o MgO %, 27 VRERIBONIEDHS &
LCEHHE L s E X B3 DEHEETED. b

1O0La,O5 i U CHAE A 5 O ATV THA L7
BROVPOHE I 35\ Th, MLhaOy & 27 SN FO%H
AT BT D FBO—FPEIz OV TS S D X5 I
Zzbh, BINLPOMEITEVTE CaO IzowTid
Z OFEBERANCICIRTE 525, MNEMPIEAT S
AT T DRABIZDOWLE, 25 ha Si0,, ALO; 7

& CaO kRIS W% 3 5 1 E I BERE Sh C

WHXSIEbNE. KRN TH, Zr0; &2 75
THRLT & OB DO —F IR S B A5, Biko X
510, Ca0-Zr0y & Z Db 2 T & RIAARS NLEY
EL TSN Emici 202 BOhiwT &b
Ly, A TERIBNEMSHERIA Z SORACLS DD
22, B 5 \WIGEAOK I O M ECRET 5 b Dhic
DT ORT IO, AWIROL BN RL 2@ 558
ERIBRIC AL B EE FExbNnS. Ll CaO-ZrO,
EBEEEAE R TE & & OMEFISC I 2> THEKRT D ZrOy
&, CaO-ALO; FRELMFNS MM E L CHfitR S h 58
MIED DD T EDBFOLNIT L%, FEDTICEE
hd ZrO; DEFEDHH L, NEMI~DX T ¥ DR
AREWET D LRAFFETHD, ZoX5REMIC
BAYT5C EICIREDS D C EAEERTE .

5. #&

2T FRBENEM O KRR A M D70, R
AiAZ 7 enma 4 FEEIL T CaO-ZrO, %4
RS, SRR B LmRAE LT EERTWD
ZrOy RERTHI EILXY, 27 VRIEMEMDHT)
EHFELL. BONEREZENL ToE N5,

(1) =23 ZREENED ORI A 5 7 D
BEERTHYD, EOFHREEERORATE LD Tk
W EERRDI.

(2) HWSEWRIFicovasdr Ry@miasz e
X CaO-ZrO; %+ 55, CaO-ZrO, L1
BIRIRA LA 2 ik i, &) XAyl
BRI TH D a-AlLOy EMERE## L, CaO-ZrO,
V34 % L C baddeleyite(ZrO;) & L CHiEWRI-AS =
ENEETE -

(3) 27 VRBENEMOEBFHRZEWT 5FHK S
Loy wvarr b -3 20T, €D RI b —+
PR, BRI

Beb DTS, COMADOREREFTT SN () B
SRR B TSR ABRICHEESET D L iz,
SRERITH SHL7c A SIIARATES 5 AT, MM IR
FRERE, BHRARR, RES () EDosm
RCEMOEEART .

il
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