[Technical Report]

r PEREEERS A5 2 X0V Zr0:-CaO-C M D F¥E
Development of ZrO,-CaO-C material for high performance

anti-adhesion nozzle

F B A ARERR
Ling LI* and Akinari SASAKI*

g B

e F I XV ORIl 1 D& LTHIS IS Zr02-Ca0-C (ZCG) MEDBHAIL, #HEf
HREDFHRINAR SN e D, ZOEEREREER 12 HIIZE CaO &7F ZrO2-CaO JFUE:
AHCEZEIZEST, TV I FATEM RS D EN A E IR R SRR & S 2 7
% ZCG #E (ZCG-N) #PBIFEL720 ZCG-N 1%, CaO % 40 mass% ML _E&H 57207 L iKY
OB AT 557 CaAlO4 RAT VA MEGEINITER T4 LI, AT 7BHIZIE ZrO: HIEE T
B2 EDOREDEAAT 7 IRRE A MEFE L 72 F SRR AR T 2052 T56. TNOOFFBIC X
D, EEFRNZ DIz o TR VB SRRV SRR A R C & 2 2 LAY L 72720, ZCG-N %{ZiE /
ANWE L THEIFIMEL 72825, BN BRI R Lo THEIARIT R, S 77— 8 A ARSI S 4,
FHMEOUELFEITEIz, F72, Y OMRBEBREIC LA BB RO SN0, Bl X
A 7S~ OO EB AL e o720 A1k, ARME A7z XV "EVERCLEAN® Z-series”
DALY, M T O AD L) —BOLEEFE L EMENORHAAESN S,

Abstract

The application of ZrO,-CaO-C material (ZCG), which is known as one of anti-adhesion technologies
for continuous casting nozzles have been difficult to obtain the persistent anti-adhesion property in the past.
In this study, in order to improve its adhesion resistance property, by using a ZrO,-CaO raw material with
high CaO content, we developed a new ZCG material (ZCG-N) that has both an excellent adhesion
resistant of alumina inclusions and erosion resistant in molten steel. Since ZCG-N contains over 40 mass%
of CaO, it continuously forms a sufficient slag composed mainly of CaO and Al,Os layer on the refractory
hotsurface against molten steel, and ZrOz isalso suspended in the slag layer, with high viscosity, characterizing
the hot to be maintained the a slag state. Therefore, it was proven that the high ability for adhesion resistance
property and superior erosion resistance could be maintained for a long time. In addition, when ZCG-N
with above mentioned characteristics was applied to submerged entry nozzle (SEN) in actual operation, the
improvement of steel quality was achieved by preventing both bias flow and wrap of mold powder with
excellent adhesion resistance property. Furthermore, it can be realized to apply successfully the ZCG-N to
high grade such as sheet products. In the future, we can expect more stable operations and contribution to
realize higher steel quality by using the nozzle “EVERCLEAN® Z-series” made of the developed material.

1 #®= 1 Introduction
MRS ) L ONETCRON LTIV IS Clogging phenomenon due to adhesion of
. " e alumina inclusion seen in the inner bore of the nozzle
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for continuous casting, the entrainment of bubbles

DRI TR/ N7 &= D AR BN Lo TH v and powder associated with the drift of the molten
HEOETARE HICIEEERTIIBIS X steel flow in the mold lead to a decrease in the quality
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of cast piece, further since it may be forced nozzle
exchange during casting, also cause a decrease in
productivity. Until now, the application of ZrO»-
CaO-C (hereinafter ZCG) material is mentioned as
one of the measures in the material of a refractory,
but since CaO content was limited to about 20
mass% at the largest from the viewpoint of hydration
reaction in many of them, where enough anti-
clogging effectiveness is not obtained”. Therefore, in
this study, by using a high CaO content ZrO,-CaO
raw material, we succeeded in developing a new ZCG
material (ZCG-N) which contains more than 40
mass% CaO. In addition, in order to prevent the
refractory-derived inclusions from flowing out into
the molten steel, low erosion by carbon reduction
became also feasible. In this report, alumina anti-
adhesion properties using the newly developed
ZCG-N mentioned above and the change of molten
steel components and refractory-derived inclusions
before and after the test using erosion/corrosion test
method? were investigated and compared with those
of general-purpose materials including conventional
ZCG materials. In addition, we named the product
“EVERCLEAN® Z-series” to which ZCG-N

applied, the practical use of submerged entry nozzle is

is
also introduced.

2 High CaO containing ZrO,-CaO clinker
According to the ZrO,-CaO system phase
diagram of Ruff et al.? a solid solution of free CaO
and CaZrO; is formed when the CaO content
exceeds 50 mol%. In other words, some CaO
precipitates in free form when CaO content exceeds
32 mass%. The components, micrographs, and spot
analysis values of the ZrO,-CaO clinker used in this
study are shown in Table 1 and Fig. 1. The
composition of the clinker itself indicates that the
total CaO content is 46 mass%. In addition, in the
spot analysis, N1 in the white part consists of 33.8

Table 1 Composition of raw material

Raw material / mass %

7r0,

52.3

CaO

46.2

Others

1.5
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mass %
ZrO, 65.7 2.1
CaO 338 95.3
Others 0.5 26
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Fig. 1 EPMA spot analysis for N1 and N2 regions with resultant composition as mass % of them

showing in the table.

mass% @ CaO & 65.7 mass% @ ZrOz 55 2
s, CaZrOs OMERMIZE NS D THLHI &
HEREL 720 —77, BAAERo N2 1E 95 mass¥% O
CaO THHZ ENn, HEHE CaO Th DT L& TR
L7z B, B2 —OMBEEROTTEY Y
o7k, 7))y h—woiEE CaO it 10 4 m
DT Ol #dh & LTHITHI L T W A R A3 B 5
SNz,

3 ZCG-N#MEDFE%H

K2 \THBUCHIEL 72BN A M E ZCG-N &—
e 2 YL A 4 5 (ZCG. carbon-less. Alz20s-
graphite, Al203-SiOz-graphite) Dfbp 5 KON
YidfEz~3 JLHME TH % ZCG X carbon-
less (DLF. C-less &BERD) 1XPERDOEN B E L
LTSN TEY, AlOs-graphite (LI, AG &
BERE) XM AR O VR A, Al2Os-
SiOz-graphite (LAF, ASG & B&ED) (Tl 2 4l B
AR D X VAR E LTS T2 Y,
WA EME CTH D ZCG-N I, HEkd ZCG
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mass% CaO and 65.7 mass% ZrO,, which is
confirmed to be close to the stoichiometry of CaZrO:.
On the other hand, N2 in the black part is 95 mass%
CaO, confirming that it is free CaO. Furthermore,
micrographs and elemental mapping of the clinker
showed that the free CaO in the clinker precipitated
as fine crystals of less than 10 pm.

3 Development of ZCG-N material

Table 2 shows the composition and physical
properties of the newly developed anti-adhesion
material ZCG-N and four-kind of general-purpose
materials (ZCG, carbon-less, Al,Os-graphite, AL,Os-
SiO»-graphite). The general-purpose materials ZCG
and carbon-less (hereinafter C-less) are used as
conventional adhesion-resistant materials, while
Al Os-graphite (hereinafter AG) with high erosion
resistance, was used as nozzle lining, and ALOs-
SiO:-graphite (hereinafter ASG) with high thermal
spalling resistance, was used for non-preheating
nozzle body?. ZCG-N, a new adhesion-resistant
material, is characterized by its higher CaO content
and lower carbon content than conventional ZCG,

making it both adhesion resistant and erosion



Table 2 Composition and physical properties of tested refractory materials

Sample ZCG-N ZCG Cless AG ASG
Newly developed Normal Normal Corrosion Thermal spalling
Composition & properties anti-adhesion | anti-adhesion | anti-adhesion resistance resistance
Free C 9 25 2 18 25
ZrOy 48 51
CaOo 42 16 1
Composition / mass% [SiO, 5 4 24
Al203 72 7 45
MgO 23
Others 1 3 2 1 3
Apparent porosity / % 18.2 16.6 16.0 17.5 15.6
Thermal expansion at 1000 C / % 0.37 0.48 0.60 0.33 0.23
S/ (E -a) 3153 1780 741 2987 4292
AT CaO0 GHENELL, RWI—KRrEH= resistant. It also features a lower thermal expansion
IR LTV B e, BEAf SR & i A coefficient than ZCG and C-less, and thus has an
. L ST ] excellent thermal shock fracture resistance coeflicient
IREFL S LR FRET D T7, ZCG (R=S(I-v)/(E - o), where S: modulus of rupture, E:
R C-less IZHARTIRBYEIERTH LI LD HEN elastic modulus, v: Poisson’s ratio, a: thermal
7 BRI B R AR L (R=S(I-V)/(E - ), S: BT expansion rate Et 1000 °C, we ignore the influence of
Poisson's rati )
SRS, v ATV, ECBEEER, o 1000 T clssonts ratio here.
iEER, CCTIERT VY HoBELY M) 2R
FI LM TH D, 4 Characterization of ZCG-N
41 Alumina adhesion test
i In order to investigate alumina adhesion
4 ZCG-N DO4FMER¥ characteristics assuming the inner wall of the
41 TILIF{IESAE immersion nozzle, the molten steel stirring method
NN . N ilized asa method to rotate refractory specimens
i XOVNBEE A AR L 72T OV 3 A wasut yop
fx H g ﬁ% ELIT i hj—ﬁ%ti@ at high speed in molten steel, and each material was
ERAT L7201, T KRR & compared and evaluated. The purpose of stirring in
AHE 2 HEE UCASEEEAFIEL, &6 molten steel in this method is to suspend inclusions
B B S L =0 75 10 00 P4 rh o Ji i in molten steel and to accelerate the interfacial
. . e reaction between refractory specimens and molten
TR, BSOS ED O BE LS ONE S T T steel under molten steel flow. Fig. 2 shows a schematic
DIt K& e o Fm KGR EZHE T 5, diagram of the molten steel stirring method. About
9 IR OB A A R, 410 ke O 10 kg of ‘low—ca‘rbon steel was meited in a hlg}.l—
o ) e ot e frequency induction furnace at 1550 °C, and metallic
{2 1550 C £ CrRafAdemiic L0 i m L Al was added 0.2 mass% as deoxidizing agent to the
7ot WRHIE L8 Al 2 E & 10 LTht molten steel by external multiplication. A refractory
51T 0.2 mass% L 770 &St b oSt B stirring jig with a specimen of each test material
o L e - attached to its tip was immersed in the molten steel
2 o | ZHU) A 72 K B R R B & S and rotated continuously at 200 rpm for 120 min.
ZiEL, 200 rpm T 120 min [ 8 Al S €72, The average alumina deposition rate or erosion rate of
SKEFTROFESILLY), KM OTILIFF each specimen was calculated from the dimensional
S 7 S O T S L - changes before and after the test.
N ~ -° Fig. 3 and Fig. 4 show comparison of the cross
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Fig. 2 Schematic illustration of erosion / corrosion test.

BT T TOTIVIFFE RO &
ORI G B R P EREZI 3 &
4 1R 9, PERD ZCG MEIFEE R EEE R
L7275 KRB mTH S ZCG-N OFEIEHM B IL5E
FZCGITHRTH1I/6 DIRETH o720 —H,
ZOMOFHME 4 FIZWINONEL RSN,
{75 H RIS Cqless 29k bR, Cless < ASG <
AG DIEIZEL roTze DL EDEHIZ, ZCG-N #F
Bldm b EN A SR 2 R T2 LS L 72,

section view of each specimen after the test and the
average adhesion rates determined by the alumina
deposition test under molten steel flow, respectively.
The conventional ZCG material showed a severe
erosion, but the erosion rate of the newly developed
ZCG-N, was as low as about 1/6 of the conventional
ZCG. On the other hand, all of the other four
general-purpose materials showed adhesion, where
the C-less was the lowest rate, and the order was
C-less < ASG < AG. As described above, the ZCG-N
material was found to exhibit the highest adhesion

resistance properties.

ASG

Fig. 3 Cross section view of each sample after erosion / corrosion test under molten steel flow at

200 rpm for 120 min.
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Fig. 4 Measured erosion or alumina adhesion rates for each sample in the erosion / corrosion test.

4.2 REBRETRZICHIBEHEERSELDORE

TS & B2 MR S SR B OM - & 4TI
—FPEE L, AR T B A R
DESHRT KRBT OZA L2 T L 720 i
L7 2 (R e BRI R % 59 10 kg
vy, EHEEE % 1550 CCTREEL 22055 a4
R T o720 BilgHI & LTINS 5408 Al
i oo LT/ N T TAER 0.5 mass% iR
L7zo ABBRICHE L 7 BB B IR R AT
Wy, TRERRERET IR TS TV R BRALL, A
85 DT EAT 5720

AT V0 1c X Bl TKYHRET TRAET
LTIVIFAERSLIL, TReo (D)~ Q) IIRTK
IERICEoTHIZR I SN D LR SN T VL, §
bbb, THKPNERO SR K> TEL 72 SIO %
CO DI AREAT T KWy & 58 & O TR L,
B ORE Al X BRILS e 2L TT VI
ESTERSND, 2, TNEDOFTAIXTIVIF
&R BT 5720, K)—RBT7TLVIFHEYD
R BREIN S, FIKZ, #iHI2IEE L 72 SIO
R CODHAR I, CRSIELTEY Ty TS
NLZEIZhh, 2O ENG, RikbEZzO
CEY I Ty TN IIHETLLDEE LN
570, FHRBMIZBIAEMBELROIREL LT

%
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4°+2 Investigation of molten steel component
changes before and after testing

The same materials were used for the crucible
and stirring jig that come in contact with the molten
steel, and changes in refractory-derived components
in the molten steel before and after the stirring test
were investigated under molten steel flow. Similar to
the method shown in Fig. 2 described above, using
about 10 kg low-carbon steel, was carried out molten
steel stirring test while holding the molten steel
temperature at 1550 ‘C. Metallic Al to be added as a
deoxidizer was added in total 0.5 mass% by external
multiplication with respect to the molten steel weight.
Stirring test was performed for each material
subjected to this test, and the molten steel samples
were collected before and after the stirring test, and
analysis of the molten steel composition was
performed.

According to the previous research * ¢, it is
presumed that the alumina adhesion phenomenon
occurred in the refractory hot surface is caused by
chemical reactions shown in equations (1) to (3)
below. That is, gas components such as SiO and CO
formed by the reaction inside the refractory diffuse to
the interface between the refractory and molten steel,
and oxidize Al retained in the molten steel, depositing
an alumina adhered layer. Further, since these gases
pass through the alumina adhesion layer, the
deposition of alumina will be enhanced. At the same
time, the gaseous components of SiO and CO
diffused into the molten steel will be picked up as C

Krosaki Harima Technical Report No.171 (2023)
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IRLTBY, CHATEILRYAFAIIY 7 M bk
ReElholz, TN, HEZXZTEZEEFMICITLIL
AL, BRIzl C 3P LAIEL 72720k
EZbNAb, LL%Ds, 4 TRH—4&M TR
LTW57:0, EMEOHBEHlIZTREEE 25
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and Si. From this fact, it is considered that the C
pick-up in the steel is derived from the refractory, and
therefore, the respective C pick-up amounts as an
index of the molten steel contamination in each
material were comparatively evaluated. Fig. 5 shows
the change in C concentration in the molten steel. It
was found that the C concentration increased in the
common general-purpose materials ZCG, AG, and
ASG. In the conventional ZCG material, C is
considered to have leached into the molten steel due
to erosion of the ZCG material. In addition, in AG,
ASG material in which alumina adhesion is observed
in the aforementioned test, a tendency is shown that
the higher the alumina adhesion rate is, the more the
C concentration in the molten steel is increased. The
increase in C concentration is considered to be caused
by the absorption of refractory-derived C into the
molten steel by the chemical reactions expressed by
the equations (1) and (3). Therefore, in this test, it can
also be an evaluation index for alumina adhesion
characteristics to the refractory surface of each
material. On the other hand, both developed newly
ZCG-N and C-less as general-purpose material,
showed extremely lower C pick-up, resulting in a
negative shift of the C composition change. It
occurred probably by vaporizing C in the molten
steel during the test due to difficulty of complete
seating of the test apparatus. However, since all the
materials were tested under the same conditions,
comparison of the results among the material tested
is meaningful. Therefore, the result that C pick-up of
the molten steel are small in ZCG-N and C-less

13.2

7.5

AG ASG

Fig. 5 Change of C concentration in molten steel during the stirring test for each refractory sample.
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suggests that by using them the elution of refractory-

Si0z (s) + C (s) = SiO (g) + CO (g) -+ (1) derived components into the molten steel can be
. . . suppressed even in actual operation as well.
W/ ITICOT VST AIAEN O 1A E}isiﬁcation reaction insige refractories:
SiO (g)+ 2/3 [All =1/3 Alz203 (s)+ [Si] -~ (2) SiOs (s) + C (s) = SiO (g) + CO (g)eevvveverrurenneen. 1)
CO(g)+ 2/3[Al =1/3 AlO3 (s)+ [C] - (3) Adhesion reaction of alumina-based inclusions at
the refractory/molten steel interface:
SiO (g) + 2/3 [Al] = 1/3A1L05(s) + [Sil..oevvuvenee. 2)

4-3 WAMOBBHERE

6 1=, Ln BEFRRBR D ZCGN & fEk ZCG
ORI 5175 EPMA BIERUTLE< 07
DERERT, F7 BESETRFOOBA

CO (g) + 2/3 [Al] = 1/3AL05 (s) + [Clouueaceee. 3)

4+3 Observation of the hot surface after the
erosion/corrosion test

OWCTCEGIT LR 4] 3 1R, BSmT Fig. 6 shows the results of SEM observation
%% 7ZCG-N Tl i KT =% 1 mm 2 X and EPMA elemental mapping of the hot surfaces of
- s N K — T =

. R B the ZCG-N and the conventional ZCG after 1h
DB B H LB LTS, Al OE A stirring test. Table 3 shows the results of spot analysis

725 Ca0 &A= 37.8 massh &k ZCG 12kt of the squared areas in each reflection electron image

Al Level ca Level

40 30
I 35 I 26
30 22

Fig. 6 Comparison of microstructure of hot surface for ZCG-N and ZCG with SEM and EPMA

analysis.

Table 3 Chemical component of each position determined by EPMA analysis

and calculated amount of liquid phase at 1550 “C for the corresponding
composition using FactSage

Sample position|  ZCG-N/mass% ZCG/mass%
Component Al A2 B1 B2 B3
AlL,Oj4 46.1 3.9 33.1 29.0 13.6
Sio, 0.2 1.3 0 0.4 7.2
CaO 37.8 52.1 22.0 212 26.1
FeO 0.2 0 0.4 0.1 0.3
ZrO, 15.2 41.8 44 4 495 53.0
Lig. phase at 1550°C / % 927 12.3 8.6 19.9 4.7
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RCEHNZEDT Db, Fi2, BIIFEEY 7 b
FactSage & V) EHHE L 72 AHEEAY 92.7 mass% & =
WZEnH, ZCG-N OB ISR 2R
CaO &&E 7 Al203-Ca0-ZrOz A AT 7 BEAMFAEL
TV I EDHERTESZ, FIZ, A2 OHEGHHE
W& EBRETOEHAAMEICE TN 5 Cal 2% 52
mass% Th b LD, FiEED CaO ZRHFFLT
W25 7280 i &K & O FHENZ ME BRI CaO &
fAsTH eV RREEZObN L, —T, kK
ZCG M T K FHEI TR & % Kia e S A 7K
05 mm ESOZLEEN B S, Bl L B2D
AT fiE 2> & ZrOz A% 44 ~ 50 mass%, CaO 2%
21 ~ 22 mass% EEAHFEDEL, CaO =234 7%
Wi ZrO2 @ Al:03-CaO-ZrOz g 282 ST
b0 ZOIH)RLUVERISEIE, EHPICHREL

for two samples. In the developed ZCG-N, a
continuous dense layer with thickness of about 1 mm
is formed on the hot surface, and in the area of A1 the
CaO content is 37.8 mass%, which is higher than
that of the conventional ZCG. In addition, 92.7 %
liquid phase ratio calculated by the thermodynamic
computation software FactSage indicates that there is
a CaO rich AL,O3-CaO-ZrO; slag-based layer on the
hot surface of the ZCG-N. Furthermore, according
to the analysis of A2, the CaO content in the
microstructure under the hot surface is 52 mass%,
which indicates that the high CaO is supplied
continuously to the interface with the molten steel
from inside of the refractory material. Keep a certain
concentration enough for inhibiting alumina deposit.
On the other hand, in the conventional ZCG, a
porous layer with about 0.5mm thickness containing
large bubbles is observed at the interface, and the Bl
and B2 spot analysis values indicate that ZrO; is 44

Fig. 7 Microstructure and position of spot analysis by EPMA for ZCG-N and ZCG.

Table 4 Chemical component of each position determined by EPMA spot analysis
and calculated amount of liquid phase at 1550 “C for the corresponding

composition using FactSage

Sample position ZCG-N/ mass% ZCG/ mass%
Component al a2 b1 b2 b3
AlL,O3 53.0 04 54.0 0.3 0.2
SiO, 0.0 0.0 1.3 0.0 0.0
CaO 31.2 33.2 30.3 10.9 3.4
FeO 0.2 0.2 0.0 0.1 0.2
ZrO, 15.6 66.2 11.9 88.2 95.8
Lig. phase at 1550°C / % 95.7 1.6 97 0 0
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VIFEDFIBIC Lo TERB L 72 AHER O &
Al203-Ca0-ZrO:z 52 A F 7 W 12, Ca0 = 30
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H7 VI T ORFFICHT TS CaO RELT, Mkl
BT HZEDNTRETHLEZ BN L, —h,
PEk ZCG TlE ZCG-N & [EFRIZHEAHZE 97 mass%
D Al203-Ca0-ZrOz 52 AT 7 H I sl 7 ks - 23 ik
WL S BIR SN DD, ZORTFICHYST A
b2 & b3 D43 HTE 25 CaO &= A% 10 mass% i 4
&7, ZrO2 28 95 mass® Hifa & %\ Tl
B CaO 258 L ZrOz 1L WRET-TH 5 Z &8
T he ZOEHIZ, HEFR ZCG M E DR B X
SR ATV IETHHZLL, CaD BDOD %R
ZrO2 K1 OISR VAR A5 77\ 22472 B 3 70
W2 Enh, BB O OWAAHE (FHEME) 29K
Ipde Thbb, TIVIFAHEIH TS CaO i
ELTOMED RN T WAL L EIRkT 5, LLED
Z&pb, ZCG-N DM, 7 I AN
xF L CH R 2 i EE o CaO 5% fk ey i fhkamT
HEICT 4720, T0R AT 7RO L>TEN
TCHEAT AR IR LRI DGR IR o Tn
LEEZBND,
4-4 NEVEHHHEEICLSMAMBEEKT
EMORE

BIFEHTdH B ZCG-N 12 BT B VAN DS AE
RN A AT D720, MEWH B AT 25
(Metal Quality Analyzer, MQA) %M\,
UL T COFEFERA BRI ZERALL 72084 > 7 Vi
DWTEEM L 720 B 8 (ZATHEW) O e K3 RL 1%
(DMAX) 12X BRESAi % 7R §o ZCG-N Zfitat
MELCER LR ZOEMY > 7 Vi, 6 um
DT oMz M e s W Em ch oz, E72,

_99_

to 50 mass% and CaO is 21 to 22 mass%, and a
liquid phase ratio is low, and a phase with high ZrO
with lower CaO content is formed. It is thought that
such a porous reaction-layer may easily dissolve into
molten steel, and it is presumed that it becomes a
factor for increasing both the erosion rate and the
amount of C pick-up, compared to that of the
ZCG-N. A micrograph with higher magnification is
shown in Fig. 7. In the ZCG-N, CaZrOs particles
containing more than 30 mass% CaO were observed.
The compound must be suspended in the ALOs-
CaO-ZrO:; slag produced by reaction of the free CaO
in clinker with alumina in the molten steel. These
fine CaZrOs particles could also be supplied
continuously to the hot surface to inhibit alumina
deposition. In the conventional ZCG, some fine
particles are also observed in Fig. 7, but the spot
analysis of b2 and b3 corresponding to these particles
results in the amounts of around 10 and 90 mass%
for CaO and ZrO,, respectively. This indicates that
the composition is almost close to that of the CaO-
stabilized ZrO,. Thus, since the hot surface of the
conventional ZCG material is a porous slag layer and
the area hitting the suspended low molten slag of
ZrO; grains with a small CaO content, the liquid
phase ratio from the hot surface is low. That is, it
means that there is limited supply as a CaO source
for alumina anti-adhesion. From the above, it is
considered that the application of ZCG-N has led to
an excellent anti-adhesion property and prevention of
contamination of molten steel components by
forming enough slag layers, because it enables a high-
concentration CaO source effective for suppressing
alumina adhesion to be continuously supplied.

4+ 4 Investigation of refractory-derived inclusions
using an automatic inclusion analyzer

In order to investigate the inclusion formation
during the molten steel stirring test for the developed
ZCG-N, the samples for analysis were collected after
the test. Using a Metal Quality Analyzer (MQA), is
obtained as shown in Fig. 8. The particle size
distribution for the maximum average particle size
(DMAX) of inclusions. Molten steel samples after
the test in which ZCG-N was applied as a test
material tended to contain many fine inclusions of
less than 6 m. Further, Fig. 9 shows the results of
observations of inclusions with large particle
diameters whose main component is Zr. Since the
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Zr # B LT ARAEDNRECNEDIZONT size of the inclusion was 10 pm or less, no harmful
BE 7 RA 9 TR CONMEM ORI TR inclusions derived from ZCG-N were detected.
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Fig. 8 Particle size distribution of inclusions (DMAX) in the sampling molten steel after the
stirring test for ZCG-N sample.
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Fig. 9 Appearance and analyzed composition for defected inclusions with relatively large particle
size mainly composed of Zr and their DMAX value defected in the sampling molten steel
after the stirring test for ZCG-N sample.
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Fig. 10 Nozzle image for pouring test.

5 Structural evaluation of “EVERCLEAN®
Z-series”

We named the product “EVERCLEAN®
Z-series” to which a novel hard-to-adhere material
ZCG-N having the above-mentioned features was
applied to the inner wall, and evaluated the validity
of the nozzle using a pouring test method ” simulating
the thermal history in the early stage of actual casting
operation. Fig. 10 and Fig. 11 show schematic
diagram of the nozzle and the pouring test method,
respectively. The immersion nozzle manufactured for
the test was made of a structural material in which
ZCG-N was applied to the inner wall part, and AG
and ZCG and ZG materials, which are common
general-purpose materials, were used for the main
body and powder line. As the conditions of the
pouring test, by pouring 1600 “C hot metal in a state
of preheating the nozzle as a preliminary evaluation
object to 500 ‘C in the nozzle inner bore side, to
evaluate the cracking by thermal shock. Incidentally,
the molten iron poured into the nozzle so as to pass
while being sufficiently filled, the discharge hole in
advance was a state in which installed a small hole of
about ¢10mm closed outer peripheral portion.
Fig. 12 shows the outer appearance photograph of
the nozzle after the pouring test. No flaws such as
crack were identified in the nozzle after the test,
indicating the effectiveness of the nozzle as a
structural device to which ZCG-N was applied.

High frequency
induction furnace

Tundish

Submerged entry
nozzle

Preheat box

Fig. 11 Scheme of the molten pig iron pouring test.
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Fig. 12 Outer appearance / left and cross section view / right of nozzle after molten pig iron

pouring test.
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6 Results of actual casting operation

Casting tests using actual production line were
conducted on “EVERCLEAN® Z-series” as a
submerged entry nozzle. In order to simultaneously
evaluate the anti-adhesion and erosion properties of
ZCG-N and conventional ZCG, which are the
developed products of the immersion nozzle used in
the actual operation test, the inner wall surface of the
nozzle was made of the material arrangement shown
in Fig. 13. As shown in Fig. 14, it was found that 6
heats of low-carbon steels caused a remarkable
difference in the adhesion restraint between materials.
Whereas relatively many inclusions were attached in
the conventional ZCG, no attachment was confirmed
in the arrangement area of ZCG-N. As confirmed by
the experimental data, it can be said that ZCG-N
was developed by continuously supplying high-
concentration CaO and continuously forming a slag-
layer. Further, since the erosion of ZCG-N was also
very slight, it was confirmed that there was no trouble
as inclusions.



Fig. 13 Composed nozzle image for using actual
production facility.
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Fig. 14 Cross section of nozzle after casting test
using actual production facility.

7 Summary

By using ZrO,-CaO clinker containing free
CaO which contains 40 mass% or more of CaO and
designing it to be low carbonaceous, we succeeded in
developing ZCG-N as a high-functional hard-to-
adhere material which realized the hard-to-adhere
property superior to the conventional ZCG and the
low erosion. By applying this material to the inner
wall of the submerged entry nozzle, the excellent
adhesion resistance and low erosion resistance was
confirmed even in the actual operation, and the
improvement of steel quality was achieved by
preventing both bias flow and wrap of mold powder
with resulting the excellent anti-adhesion property.
In addition, application to high grade steel such as
sheet products became feasible. In the future, further
stable operation and contribution to high quality are
expected by using the nozzle “EVERCLEAN®
Z-series” made of the developed material
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