The 109th ISIJ Meeting Programme *

SYMPOSTIA

== IRONMAKING --
APRIL 1, 1985 13:00 - 17:00 Chairman: Teiji SHIBUTANI

Theme I. Burden Distribution Control of Blast Furnace Operation

1 Role of burden distribution in the process analysis of a blast

furnace. Jun-ichiro Yagi. .....eeuunon. Cecesreann ceseseseaans teeescessesessnsss Al
2 Development of a simulation model for burden distribution with

consideration of mixed layer formation and its application to

actual operation. Yoshimasa Kajiwara, et @l. «uuveeeseneeeoocecnnoannns cecerocsne A5
3 Development of mathematical simulation model for buden distri-

bution and its application to blast furnace operation.

Ken-ichi Okimoto, et al. ...... tecessan aessesnes cessecenesaaan cesseseesenvacann A9
4 Development of new means of burden distribution control for blast
furnace with bell-armour and bell-less top. Kazuaki Tanaka, €t al. ..eveeees.. Al3
5 Burden distribution control at Fukuyama No. 2 Blast Furnace of
Nippon Kokan K.K. NOrio Saitoh, et Al. .veeeemeeveeonennnns . ceees Al7
6 Studies on configuration of burden distribution at the furnace top
and its control. Yoshio Okuno, et al. ..... c et eesesnes s s s e et tcaccsecsoensanns A21
=— STEELMAKING =--
APRIL 2, 1985 13:00 - 17:30 Chairman: Hiroshi SAKAO

Chairman: Kiichi NARITA

Theme II. Behavior of Nonmetallic Inclusion in Production of
Ultra-clean Steel

7 On inclusions in the steels deformed with high reduction.

Hiroyuki Ichihashi, et al. ..... Ceteteecatessaanan feceenans Ceriecrscansanens .... A25
8 On the behavior of inclusion in the flux treatment of high carbon
silicon killed steel. Kanehiro Ogawa, et @l. v.eeeeeoecansnn.. Ceceecestseeenans A29
9 Influence of the secondary steelmaking on nonmetallic inclusion in
the high carbon steel for tire cord. Yutaka Shinsho, et al. ...... ceseecncsnas A33
10 Behavior of the inclusion in the process of producing ultra low
oxygen and sulfur steel. AKira Ishizaka, €t Al. teeeeeeeeeoeeenoennenens ceeeee A37
11 Behavior of the inclusion in the tundish of continuous casting.
Keijl Nakajima, €t @l. tuiuuuueeuauenneeneeenesneesonsnnooenneneeeeneesneenennns A4l
12 Precipitation behavior of iron phosphide in the centerline segregation
zone of continuous cast slab. Fumio Kurosawa, et al. .....venun.. cerrecssvanas A45

—= SHAPING & FABRICATION-INSTRUMENTATION & CONTROL --

APRIL 1, 1985 13:00 - 17:00 Chairman: Takashi JINMA
Vice-Chairman: Yutaka MIHARA

Theme III. Recent Progress of Manufacturing Technology for ERW Pipes
and Tubes

13 Recent and future progress of technology for electric welded steel pipes

and tubes. Kenzo Kato. ........ crsesesseceanasa Ceeneean Se et esestessteasensanne A49
14 Development of the automatic heat-input control system and optimization
of welding conditions. Hiroyo Haga, et al. ..eevseeesa. ettt eeeeseeataeaaanas A53

* Tetsu-to-Hagané, 71(1985), No. 4 containes S1 to S285 preprints in Japanese for Paper

Presentations and Tetsu-to-Hagané, 71(1985), No. 5 does S287 to S776 preprints for
them.
The preprints for Symposia were published in Tetsu-to-Hagané, 71(1985), No. 2, Al to
Al68, in Japanese. ’
Part of those preprints for Paper Presentations are to be published in Transactions
I5IJ, 25 (1985), Nos. 7 to 12, in English.
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15 Welding temperature control for ERW tube mill.

Hiromitsu Kusachi, et @l. tiieneuriiereenneesnsssosoonnaannneecaacananenaaanas
16 Monitoring system of ERW conditions by bead shape meter and heat

controlling method by linear array camera in ERW pipe mill.

KOJ1l Suzuki, €t @l. it eeeseassesssssanssssssossassssssosnssosnsennsnnscssnsos
17 Characteristics of cold roll forming with W-bending roll used at

break down stand. Matsuo Ataka, et al. ticiiiererecsssacsocaaneasanns cteessan
18 A study on forming characteristics of cage forming in ERW pipe mill.

Takaaki Toyooka, et @l. tieieeeeeeeansrossscssosssnnscanonsans e ceenaes
19 Forming and welding of thin wall welded titanium tubes.

Yoshiyuki Miyamoto, €t @l. tvvecessecsovssnssosoncsonsssansascss cheecsecsensas

== CHEMICAL ANALYSIS:SURFACE TREATMENT --

APRIL 1, 1985 9:00 - 17:00 Chairman: Kazuyoshi NIII
Vice-Chairman: Kazuhide NAKAOKA

Theme IV. Characterization and Performance of Sheet and Coated Steels

20 Relationship between annealing atmosphere and surface of cold rolled

sheet. Nobukatsu Fijino, et @l. ..eeeieeeseceoncsscaseaaesoncssosacncssanss .
21 The influence of composition and annealing process on the

phosphatability of cold rolled sheet. Kenji Miki, et al. ...eveenvennnnnns
22 Surface analysis and properties of steel sheet for food container.

Hajime Ogata, €t @l. tiueieseersnosenossansanssensesonsnasnnsssaansaacsoossans
23 Effect of surface properties of nickel plated sheet on adhesion of

ultraviolet-cured lacquers. Shigeyoshi Maeda, et al. .....iiieiiecennnonannn
24 Dark gray patina developed on Zn-Al alloy coated steel sheet.

Yusuke Hirose, et al. ..... ot et e s s ecsaesesatectsas ettt ese e
25 Analysis of corrosion layers of electroplated Ni(13%)-Zn alloys using

AES, XPS, and X-ray diffraction. Yasuo Fukuda, et al. ....tiiiiniieceennnnen
26 An AES characterization of the oxide films of Fe-Cr alloys.

Akihiro Tanaka, et al. ........... St e e ceane et s e e seat e aaas et
27 Quantitative analysis of coated layer on steel by SIMS and GDS.

Toshiko Suzuki, et al. ..... Ceeaseesrsesceannoan teeasece st essses s ceansanees
28 Analysis of electrolytic zinc alloy coating by using secondary ion

mass spectrometry and glow discharge emission spectroscopy.
. Ken-ichi Suzuki, et @l. t.iiitieeetooe o toeenesaossonsasssssassssssssassnasens
29 Crystal structures of electrodeposited Fe-Zn Alloys.

Yoshinobu Shima, et @l. tuieeeeseessnescscsssssosssansssnsosssnsssesasssnacnssaans

APRIL 2., 1985 9:00 - 17:30 Chairman: Takashi OTSUBO
Vice-Chairman: Kozou TSUNOYAMA

*
Theme V. Recent Progress of On-line Analysis in Steel Industry

30 On-line analysis (Problems in future). Kazuo Kawamura. c et e PP
31 On-line determination of coal moisture. Kouji Tsukada, et al. ...ivieeevenrnn

32 Direct analysis of silicon in hot metal by emission spectrometry.
Toshiyuki Tokuda, et al. ...t iiiineneereennncsssesecssansssonsasancscs PPN
33 Fundamental studies on direct analysis of hot metals with atomic emission

spectrometry. Akihiro Ono, et al. ..c.ieteeineeneeesesaensscscnansssncsnncns

34 Direct analysis of molten iron by laser emission spectrometry.
Kouzou Tsunoyama, et al. ...iieeieennnnsasas C et e s e esseacresacaseacaseneses s
35 Automatic analysis system for steelmaking in the Kure Works, Nisshin Steel

Co., Ltd. Toshio Hayase, et @l. ... iuiiiriieeeeeeeecsasoossnssncsanssnnnnnnna
36 On-line analysis of hydrogen in molten steel. Hirahisa Kawase, et al. ......

37 On-line analysis of plating bath using inductively coupled plasma

spectrometry (ICP). Kiyota Kondo, et @l. iiiieeeeoesnssossosssssssnsscnacnes
38 On-line analysis of Zn-Ni electrolyte. Tadahiro Abe, et al. ....iciiiennncnn
39 On-line analysis of hydrated chromium oxide film on tin free steel.

Norio Yumiba, et @l. cieiiiteiriieerensssonnseoannsssnssosansnsnscannnaanns ceeaans
40 On-line automatic analysis technique and its problems.

Nobukatsu Fujino, et al. ...ciitireenenennnens A, Ceeee ettt
41 Recent advancements of on-line gas analyzers. Yoshio Tsukada. ............ .
42 On-line analysis--Studies in Europe. Gérard JeCKO.: ..ieuiieseacessnssnnnsaans

A57

A6l

A65

A69

A73

A77
A8l
A85
A89
A93
A97
Al01

Al05

Al09

All3

All7
Al21

Al125
Al29
Al33

Al37
Al41l

Al45
Al49

Al53
Al57

Al6l
Alé65

* English version of Preprints for the Symposium on Theme V were also published
Transactions ISIJ, 25(1985), No. 2, B33- B62.
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PAPER PRESENTATIONS

-- IRONMAKING --

APRIL 1, 1985

1

2

11
12
13
14
15
16
17

18

19

20

21

28

29

Heating pattern in coke oven by a thermal state simulator.

Keihatirou Tanaka, €t @l. tiieieesrosseecassssassssssncsssansnsscossnnasns
Development of coke oven coking control system.

Akihiko Hasegawa, €t al. .ieeieereeeennseasossncosnecssncsonscssnncsssssssasn
Ammonia concentration control of ammonia liquor from coke ovens.

Akikazu Nakazaki, €t Al. tuieeesossoecesansosssnoscassssssnsssssanssnnasns
Dynamic prediction of the emission of coal tar in the coke oven.
Katutoshi Igawa, et @l. ...cieiernnoseeroancossssnsssosscsrssasonosccscasssssss
Effect of the coal blending on the yield of the coking products.
Katuhiko Oguri, et al. .(ciiieeeeennnananns Cececesesassssessessansssssnes
Reducing procedure of FeClj and NaOH in the coagulating sedimentation
equipment for activated sludge process. Masatoshi Mizusawa, et al. ....
Approach to reducing coke quality deviation across oven width.

Shuhei Yoshida, et al. teieeiieeenseseaoconoansesassssssnsssancscosanannsce
Reduction of heat consumption in coke oven. Yasuhiro Kawaguchi, et al.
Carbon adhesionless to coke oven doors. Kazumi Kurayoshi, et al. ......
Full automatic apparatus for proximate analysis of coal and coke.

Yoichi Ishibashi, et @l. .ieiereneeriaeessensoosacncasensseacnaaccasssnsnnas
The analytical method of coke ash-forming elements by X-ray fluorescence
spectroscopy. Kazuhito Sakamoto, et al. ....cceenerenericecececccencns
Laboratory-scale study on the change in size and tensile strength of
coke during conveyance. Tsunao Kamijo, et al. ...ceieecreencececcaascnns
Investigation on the packing properties of powder coal.

Shinji ASO, €t @l. .ttt eiereteneeesssssossssnsssssssscnncacssassnnsecss
The experimental study on the accelerated charging method of coal.

Yasuo MiyvazaKki, €t @l. cieeeeeeeneaceaeasoenconessssnsacassoscassssnsnscess
Effect of coal thermal plasticity on coke qualities. (Basic coking
mechanism--I). Shozo Itagaki, et @l. ..ceeerscesscecaccocssvsnnancacscss
Development of the measuring method for the tensile strength of coke.
Toshihiro Aramaki, @t @l. ..ieevsrsessenseacconssnssasscsssnscnscacsnnns
Evaluation of the tensile strength of coke based on the cohesive state
model. Toshihiro Aramaki, et al. «eeeereeieocescensscscsssossssscssancsss
Applicability of diametral compression test to coke. (Characterization
of mechanical properties of coke based on pore-structure--I).

Hidetaka Suginobe, et @l. ...ttt eneeiosoneneasesssossnsasascsssanscns
Relation between the pore-structure, tensile strength and effective
Young's modulus of coke. (Characterization of mechanical properties

of coke based on pore-structure--II). Hidetaka Suginobe, et al. .......
Change of the pore-structure, tensile strength and effective Young's
modulus of semicoke during carbonization. (Characterization of
mechanical properties of coke based on pore-structure--III).

Hidetaka Suginobe, et al. tiieeeieeeeseensssssnsossossssnssscsannsannenssscs
Pseudo-granulation of raw materials for sintering by means of

a mixer with high speed agitator. Satoru Suzuki, et al. ....cceecneaen
Evaluation methods of the green pellet strength. (Behavior of
agglomerates in the raw material treatment and the sintering
process—--1I). Masahiko Mizuma, et al. ...iiciieereeneacnecnncccsnsnncssens
Automatic measuring system of iron ore moisture. Tenji Seto, et al. ...
Iron ore purchase planning system. Jun-ichi Matsumoto, et al. .........
Improvement of the charge on the strand of sinter machine.
(Investigation on the segregate-charging method of sinter raw
materials—--III). Kohzi Ano, €t @l. .suieteeeeeecassanncsosasessasanncacns
Technique for uniform sintering. Kazuaki Sato, et al. .......cveeecennn
Operational study of high-FeO sinter product at No. 4 Sintering

Plant of Chiba Works, Kawasaki Steel Corporation.

Nobuhiro Takashima, et @l. ..eierteeeeeesasasoccasossennssanscccsssssscsnes
Several countermeasures to prevent air leakage at sintering machine

and its effect. Nobuhiro Takashima, et @l. .ccceieecrccnancssascccaannss
Fluctuation of sintering in the sintering bed and improvement of

sinter yield. Genji Saito, et al.

D I T T T T T T S Y

APRIL 2, 1985

30
31

Effect of basicity on sintering operation. Takahisa Miyake, et al. ....
Effect of use of preheated air and preparation of raw mix for sintering
iron ore. (Study on the production of self-fluxing sinter--I).

Noboru Taguchi, et 8l. .ci.iiiiieiertineesncansoesssssnnnsssnssacaccsacnsns
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32
33

34

35

36
37
38
39

40

42

43

44
45
46
47
48

49

50

51

52

53
54
55

56

57

58

59

60

61

62

63

Improvement of sinter property by control of air distribution.

Akira TakaKi, et @l. tuiuiuiituiiineteoaneenneeoesoensasesnanosaesssesnnnaans

Analysis of the sintering heat patterns by the simulation model.
Tsutomu Tanaka, €t Al. ..uuuiineeennesoseceoannoensasonaennnnnnnennnsssans
Estimation of temperature profile in sintering bed based on sensor
informations. (Development of sinter quality control system--I).
Yoshifumi Matsunaga, €t @l. ... iseerereeneenonnonoenenaneaoanaesaseanans
Measurement and its analysis of temperature, pressure, differential
pressure drop and air flow rate in bed of commercial sintering plant.
(Analysis of sintering operation--V). Hirohisa Hotta, et al. ....vooee.
The new instrumentation system of Chiba Sinter Plant of Kawasaki Steel
Corporation and its effect. Katsuyuki Miki, €t @l. vuiieerenunnnennnnns
Pulverized coal combustion system for ignition furnace of Kure No. 1
Sintering Plant of Nisshin Steel Co., Ltd. Kiyonori Yamamoto, et al. .
Main exhaust gas circulation system at Ohgishima No. 1 Sintering Plant
of Nippon Kokan K.K. Terutoshi Sawada, et al. .cueueieeeennesensnneenans
Effect of characteristics of iron ores in raw mix on productivity

of sinter. Yosio Kimura, et @l. tiuieiieuieieoeeoaanennenonesoenonnnannnes
Effect of dust mini pellets on sinter operation. Akira Takaki, et al.
Effect of particle size and mineral constituent in raw mix on
formation of calcium ferrite in heating and cooling courses of
sintering. Takaho Otomo, et al. ............ e s e seteseencetarrsesensans

Mechanismof formation of acicular calcium ferrite. (In-situ observation

and its analysis of sintering process of iron ores--II).

Jun Okazaki, et @l. tuituniieineoonseonenoneeonesoasesaneensnesoscensasnons
Effects of the ratio of adhering powder to nucleus in raw mix and

the size of nucleus on the productivity and the quality of sinter.
(Investigation on the use of a large quantity of iron ore with
excessive fusibility--I). Nobuo Kusakabe, €t @l. c.veveeeeeroononnnens
Granulating characteristics of various iron ores. (Production of
mineral phase controlled sinter--VII). Hiroshi Fukuyo, et al. ........
Kinetics of calcium ferrite formation and its morphology during
sintering of iron ores. (Production of mineral phase controlled
sinter--VIII). Noboru SakamotO, €t al. .uuiueveeeeeeeeneeenneneassnnnss
Effect of iron ore properties on sinter porosity. Haruo Kokubu, et al.
The degradation of sinter during reduction. Seiki Nagano, et al. .....
Reduction degradation of sinter in blast furnace. (Study on
evaluation method of sinter quality--II). Tsukasa Takada, et al. .....
Change of pore structure of sinter during reduction process.

(Study on the inner-reaction of a blast furnace by using BIS-1V).
Masaaki Naitd, et @l. teuuiiiiiieeesuesoaseoeanonenoessosncsnnnnnnonens
High temperature properties of sinter containing lots of primary
hematite. Shirou Tarumoto, et Al. ..iuiiteiereeoennoccacsonesasansnanns
Simulation program for heat transfer of hot stove system.

(Analytical method for heat transfer of hot stove system and its
application--I). NaoKki Tamura, et @l. ...cieeeeeeseeececaessenanesonsns
Improvement of thermal efficiency for hot stove system.

(Analytical method for heat transfer of hot stove system and its
application--II). Naoki Tamura, €t 8l. seeeereeeeecoaannneaonnnonanens
Blowing-out operation with lowering stock level at Kure No. 1 BF,
Nisshin Steel Co., Ltd. Takahisa Funakoshi, et @l. ....viieneennneennn
Repair of upper shaft profile of Kashima No. 3 Blast Furnace,

Sumitomo Metal Industries, Ltd. Atsunori Koike, et al. ...vevevenncnsn
Dismantling investigations on hearth lining of Fukuyama No. 5 BF of
Nippon Kokan K.K. Yasujiro Koyama, €t Al. ceiesecseeecooansnenononnnns
Blast furnace operation with high productivity at Kimitsu No. 2

Blast Furnace of Nippon Steel Corporation. (Phenomena at the
productivity of 2.51 t/D/m3). Shunsuke Nagata, et al. ... ennceann
Control of gas flow distribution in blast furnace under high
productivity operation. IKkuo ToOhno, €t @l. tuieieereccnronenseeneeoncas
Operation with pulverized coal injection (P.C.I.) and high productivity
operation at Nogoya No. 1 Blast Furnace, Nippon Steel Corporation.
Yasuhiko Fujiwara, €t @l. .ieuiiieieneeeeeenserosecoeaosesacnnssannsnanns
Development of liguid flow model in blast furnace.

Hideharu Shibaike, et @l. ..iuiiieiriiirrenecoscsasnonaanoneenseansennnns
Unsteady-state analysis of gas flow, heat transfer and iron oxides
reduction in packed bed with cohesive layer. Kouji Takatani, et al. ..
An analysis of the effect of sinter quality on blast furnace operation
by use of two-dimensional mathematical model. Koichi Kurita, et al. ..
Development of a detecting device for states of dead man in the

blast furnace. (Investigation of dead man and raceway--I)..

YOsShihiro Inoue, et al. ..iieieireeooersnonssssossessananasannseanssnses
Observation and some studies of dead man. (Investigation of dead man
and raceway--II). Yoshihiro Inoue, et al. ..ieieerencesesocencnananns
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64

65
66

67

68
69

Determination of temperature, radiation intensity and atomic alkali
species in the tuyere by spectroscopic analysis. (Technology for

determing of heat level in blast furnace--I). Mitsuhiro Fukuda, et al. .
Coke movement in the blast furnace hearth. Shunsuke Arino, et al. ......
Conditions of coke bed in the hearth. (Dissection results of the hearth

in Kimitsu No. 3 Blast Furnace of Nippon Steel Corporation-I).

Kazuyoshi Yamaguchi, et @l. ..uieeeeencesncesncscansoanssssssssnesonsnsase
Coke behaviour in the hearth of the blast furnace. (Dissection results

of the hearth in Kimitsu No. 3 Blast Furnace of Nippon Steel Corporation
-—II). Kazuyoshi Yamaguchi, et al. ...i.iiiiirtnonneensecnconssssaansoananse

Analysis of flow and heat transfer in blast furnace hearth by two-
dimentional model experiment. Yoshikazu Senoo, et al. ....iieeneeannn
Identification and prediction of temperature difference at furnace
bottom plate by the use of autoregressive model for stabilizing

the tapping operation. Kazuya Asano, et al. ....cc... cesseeectiennns

APRIL 3, 1985

70

71

72

73

74

75

76
77
78
79
80
81
82
83

- 84
85

86
87

88
89

90

91

92

93

The application of layer thickness meter to blast furnace operation.
Kiichirou Kurihara, et a@l. ...eeiiiieeereesaeossnnscansscssnassasannas
Burden profile measurement system with laser light developed for

No. 6 Blast Furnace at Chiba Works, Kasawaki Steel Corporation.
Yuichiro Asano, et al. ...ttt neeeneeencnosasossensssassnenssansannns
Development of measuring method of gas streamline and gas velocity in
the blast furnace with helium gas tracer. Akihiro Tsuda, et al. ....
Effect of burden descending speed on burden distribution of blast
furnace. (Studies on characteristics of burden distribution--vVvI)

Shinroku Matsuzaki, et al. ..ceinnereenneaeas c et ss e s essencassscanesannnan
Influence of grain size of ores on burden distribution in blast furnace.

Kanji Takeda, et a@l. ..i.iieitieneeeeoseerossssossssnescsnsonsnnsnasonns
Effects of charging condition on the packing characteristics of the
lower part of a blast furnace. (Study on the packing characteristics
of the lower part of a blast furnace and its control method--V).
Morimasa Ichida, et @l. ..iiiieiineieeeeesensnssenasonsensancosansnsas
Application of two-size separate charging method of coke Sakai No. 2
Blast Furnace of Nippon Steel Corporation. Kazuya Kunitomo, et al. .
Development of blast furnace condition control system.

Koichi Otsuka, et Al. tiieeiieesienssenasnsnaocncsasesoocsconsssannnas
Influence of temperature distribution in blast furnace on hydrogen
utilization of top gas. Shinji Imamura, et @l. ..ieieveeerenennnacnns
Low [Si] content operation of Chiba No. 6 Blast Furnace at Kawasaki
Steel Corporation. Hideyuki Momokawa, et al. ..ieeeececrieeeenaonnns
Blast furnace operation with low-silicon pig iron at Mizushima No. 2
Blast Furnace, Kawasaki Steel Corporation. Toshio Uetani, et al. ...
Desiliconization reaction under blast furnace condition.

Hiroji Sato, et @l. t.ivietieeoetioennsososnsncnsosansosssssacsnsassans
Investigation of silicon content below the tuyere level of Kimitsu No
Blast Furnace, Nippon Steel Corporation. Hiroji Sato, et al. .......
Combustion characteristics of pulverized coal injected into the
experimental blast furnace. (Study on the combustion behavior in the
lower part of blast furnace--I). Tatsuro Ariyama, et al. ......c....
Blast furnace operation with the water injection at tuyeres.

Kazumasa Wakimoto, et al. ...t .iieiieinreeesneocanssesnsncsasansnannse
NOy reduction process of waste gas from sinter plant by use of blast
furnace. Mamoru Kuwabara, et al. ......iiiieeeencecncoosansnsasssnns
Influence of liquid injection on raceway depth. Katsuhiro Tanaka, et

.

.

Heat transfer and reaction of injected iron ore powder in the raceway.

(Tuyere injection test of iron oxide at experimental furnace--II).
Yukio Konishi, et al. ....... te e e cosecssa s e s s eaaasass e ssesencess s
Iron oxide injection through blast tuyeres. Masahiko Hamada, et al.
Experimental production of formed coke samples and investigation of
their properties. (New development of formed coke process by two
stage heating--XI). Koichi Tkeda, et @l. c.etiiienieenoceorsonssnnas
Deterioration of formed coke by CO) gasification. (New development
of formed coke process by two stage heating--XII).

Hiroshi Haraguchi, et al. ... ieeeeeeeeorosensncaasansssssasnsensnoas
Pulverization characteristics of formed coke in the raceway.

(New development of formed coke process by two stage heating--XIII).
Hiroshi Haraguchi, et al. ..iiiiiininuierenaneaneataaancosssonosnnnansan
The effect of coke properties on its disintegration in the raceway
of the combustion test furnace. Takefumi Saito, et al. .....icevnnes
Gasification reaction of ash in coke at high temperature.

Hiroyuki Mitsufuji, et @l. ...t iieeeensnooncesanososasannnnnss ceeen

.

al.
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94

95

96
97

98

99

100

101

102

103

104

105

Alkali circulation and coke degradation in the blast furnace.
(Investigation results of the samples in Kimitsu No. 3 Blast Furnace
of Nippon Steel Corp. before blowing out). Kazuyoshi Yamaguchi, et al.
Strength deterioration mechanism of cold bonded pellets under the
blast furnace condition. Hajime Yamada, €t @l. uueeveunennnnnnns cees
The briquettability of manganese ore. Katuyoshi Fukami, et al. .......
The rates of reduction of iron ore and water-gas shift reaction.
TOMOhiro AKiyama, €t @l. tuiuiueueeevuiennneenonnneonnnonnnnnnnnnannns ceeaan
Reduction rate of iron oxide pellets with CO-Hy gas mixtures.
Chong—Min ChO, @t @l. tiuutttiiinnnneeeeeneeeesenneeneenonenesannneenas
The zone-reaction models for hydrogen reduction of porous wustite
pellets., Tateo USUL, €t 8l. tiuiuuteeennnnneneennenennenennnennnnnannennns
Experiment on rapid cooling slag producing by pilot plant.

(Development of rapid cooling method of molten blast furnace slag by
rolling--II). TetsSuyuki NaKamura, €t @l. .ueeeseueuseenssnueeanenmannens
Distribution model of slag glanules in the gas atomizing granulation
hood. (Development of heat recovery technology for blast furnace
slag--V). Masanobu MUuranaka, @t Al. ....veeeeeeeereseeoeeeeeeneeeennns
Experiment on waste heat recovery of blast furnace.

Kazutoshi IWami, et 8l. ttutitiiennnnennnnnenennneeoneenonnononeennenes
Application of ceramics to large size and high rotation speed blower
runners. Takashi Takahashi, et al. ...t iiiiiiniintinenneneneneanonnns
Development of dry type gas cleaning system. (Development of dry type
blast furnace gas energy recovery system--I). Norio Saito, et al. ....
Development of regenerative buffer. (Development of dry type blast
furnace gas energy recovery system--II). Norio Saito, et al. .........
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Desiliconization at runner of No. 4 BF at Mizushima Works, Kawasaki

Steel Corporation. Kouichi Shinohara, et Al. tueeeieeeeeeoneeennnnennns .o
Continuous desulphurization pretreatment by top injection method

at BF runner, (Development of continuous hot metal pretreatment--XI).
Haruo Ttoh, @t @l. .. iiiuiieiniieenneneeeenesoeeonesanensssnesennaneanenns

Behavior of particle penetration during top injection by cold model
simulation, (Development of continuous hot metal pretreatment--XII).
Katsuhiro Iwasaki, €t @l. tueuverieineeeneennoooeoonssaeennesnneennnnnn
Construction and operation of hot metal pre-treatment in Chiba Works,
Kawasaki Steel Corporation., Masaru Washio, et al. ........ cresscaenaan
Development of desiliconization control system by process computer in
blast furnace cast house. Masamichi Taira, et al. ..ueeeerneneeennenns
The relation between the oxygen activity in hot metal and the

desulphurization. Yoshiaki Tabata, et @l. «uueeuweeenoeoeeeennnensn ceeeens

Metallurgical reaction of hot metal refining furnace. (Operational
results of new steel making process--I). Kiminori Hajika, et al. .....
Effect of vessel shape on dephosphorization rate in the hot metal
pretreatment process. Akihide Hikosaka, et A@l. .tveeereeeronnnsnoeensnns
Development of calcium ferrite based dephosphorization agent.

Minoru Ishikawa, et al. ..... e et e e e s i ecen et ta s s et eneenneans
Effect of oxygen flux from atmosphere on the rephosphorization

during hot metal pre-treatment. Mitsutaka Matsuo, et al. ...... cee s
Selective removal of niobium and manganese from molten pig iron.
(Refining of pig iron containing Nb--II). Akira Sato, et al. .........
Selective oxidation of Nb in molten pig iron by alkali metal

carbonate system. (Refining of pig iron containing Nb--IITI).

Tsuyoshi 0zaki, et al. ..i. ittt inieeerereeeenenoaoecnesasoseannanens
Expressions for some physical properties of molten salts at their
melting points. Takamichi Iida, @t @l. .uveererernnenneeonnnenoncannns
Characteristic features of molten salts deduced from some physical

properteis. Takamichi Iida, et al. ........ e vetees s ettt esssteaerecannns
Density and surface tension of CaF,-MO(M:Mg, Ca, Ba) melts.

Shigeta Hara, et @l. .uiuiieiiiiiiroeeroenoeneoesonsonsennenonannn ceeeee
Density of Ca0-8i03-Al203 melts. Atsushi Nishiwaki, et al. ...... ceses

Comparison of the laser-flash method and hot-wire method for measuring
thermal conductivity from metallurgical slags.

Karl-Heinz LindNer, @t @l. s.ieeeeeeeeeneuneonnnnnennnnnnnnnnnnnnnnnnnes
Application of conformal ionic solution theory to steelmaking slags.
Hideaki Suito. ...... et e esrecra et .
Solubility of carbon dioxide in molten CaO-CaCl; fluxes.

Masafumi Maeda, €t @l. .iuueieeeenesoneasasesanonsonsnsesonessesssesonsa
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125 Activities of P,0. in magnesium phosphate slag and of phosphorus in

liguid copper. Masanori Iwase, et al. .......... s eseessecanstassrs et

126 Manganese partitions between carbon-saturated iron melts and lime-
based fluxes containing MnO, BaO, Na0 oxides.
Simeon Ratchev Simeonov, et al. ............ et s eenreceasacsssosaanns
127 Activities of FeyO in CaO + SiOp + CaFp + FeyO guaternary slags.

Hiroshi AKizuki, et @l. .icieenencecssccooonacanns C e eeerses et
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128 Gas-powder injection into water. (Measurement of velocity of
particles). Yasuhiro Fukunaka, et al. .......... Ces e Cee e
129 The structure of the submerged jet near the nozzle.
Kimihisa ITto, et @al. ...t iienreenneeeeosseaesssennensnns cessreesenaan
130 Behaviour of gas jets injected into liquid and pressure traces at

131

132

133

134

135

136

the orifice exit. Yasuhisa Ozawa, et al. ..iciiieereccsneecrtocencanas
Effect of injected-gas stirring on the reaction rate between liguid
slag and liquid metal. Masahiro Hirasawa, et al. .....cciiieivnanennnnn
The rate of nitrogen desorption from molten iron by argon top- and
bottom-blowing. Masamitsu Takahashi, et al. .....ecciieereeeneaanans
Rate of nitrogen desorption from liquid iron and iron-chromium alloys.
Yasutaka Iguchi, et @l. tuuiiuiteernenoeentsonnsceasssssosnsnsannsanssns
Decarburization of molten steel by the formation of small droplets

in reduced atmosphere. Kenji Takahashi, et al. ccecieereniicieeans
Decarburization, denitrogenization and deoxidation of molten iron
alloys by hydrogen-argon plasma. Tohru Matsuo, et al. ......c.cieeeennn
Removal of copper and tin from molten iron by hydrogen-argon plasma.
Tohru Matsuo, et al. ....... cees s I
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137 Gasification and reduction of iron ore coated with carbon by continuous

138

139

140

141
142

143

144

145

146

fuidized bed. {(Production of direct reduced iron using petroleum
residue--VIII). Ryo Watanabe, et al. ...iiieiceetattsctnanencconnancs
Use of composite cold pellet in silico-manganese production.

Kazuo Yamagishi, et al. .......... T
Reduction rate of molten iron oxide by the carbon in molten iron.
(Research on the smelting reduction of iron ore with coal--VII).

Akira Sato, et al. ....ceininan. et e cerees s esarasta e e s an et e e .
Effect of TiO) content on smelting reduction rate of magnetite ore.
Bing-Huan Zhing, et al. .....cciciciieicnenens C e ieacesaas et aaces e
Solubility of MgO Cr;03 in slags at 1600 °C. Kazuki Morita, et al. ...
Smelting reduction of chromium ore in 5 t test converter.

Hideo Nakamura, €t Al. «.uieeeeeveensencassonsscosassonssoassassssossssans

Effect of slag on reduction of chromium ore in BOF. (Smelting reduction

of chromium ore by BOF--II). Hisashi Yamana, et al. .......ccccenncnns
Reduction of chromium ore by dissolved carbon in hot metal in AOD
process. Norinao Mochizuki, et al. «.ccvereeeartcnnnnnns C it ecesasenas
Reduction of manganese ore in top and bottom blowing converter.

Ryoichi Sakomura, et al. ..... et e e eeanaeeees e et e ene e ceeee
Reduction of manganese ore in top and bottom blowing converter for
production of high carbon steel and stainless steel.

Keizo Taoka, et al. ......... i eeeteccsesctaracesaas st s e s ceeean
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147
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151

Theoretical study on mold width changing. (Development of high-

speed mold width changing method--1IV). Kazuhiko Tsutsumi, et al. .....
Shell deformation force and limit of acceleration during high

speed width changing. (Development of high-speed mold width

changing method--V). Takeyoshi Ninomiya, et al. ....ecieeecnencncacne.

Control system for high-speed mold width changing.

(Development of high-speed mold width changing method--VI).

Masami Temma, €t @l. +iveeeeeeseeeecaoosrsecaasssossssssscsnsooscascccsscs

Effect of mould surface condition on heat flux in mould.

(Improvement of C.C. slab surface by the soft cooling method--II).

Ken Nakai, €t @l. «.uceeossconncoansnassssseasososassnscsascnscasssccos
Improvement of mold life from a surface coating point of view.

Kazuhisa Mitani, et @l. ceieeeeeneesecsesnseesscncsassssossosnccnacacsses
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Development of vibration-tyre mold-bath-level control system.

Takashi KIMUILa, @t @l. «utiiinnentennnenuneeeennnneoeneenanssonennansns
Improvement of operational conditions and quality of products.

(The results of improvement in the slab casters in No.2 steelmaking

e e e

shop at Mizushima Works, Kawasaki Steel Corp.--I). Shoichi Hiwasa,et al. ...

Automation of operations in continuous casting. (The results of
improvement in the slab casters in No.2 steelmaking shop at Mizushima
Works, Kawasaki Steel Corp.--II). Shinji Shiraishi, et al. .....c.....
Improvement of tundish service yard. (The results of improvement

in the slab casters in No.2 steelmaking shop at Mizushima Works,
Kawasaki Steel Corp.--III). Masao Nanbu, et a8l. ...euvuieesunnoeeonnnnns
Facilities of high speed slab caster for HDR. (Technigque and

operation of No.5 CCM at Fukuyama Works, Nippon Kokan K.K.--I).

Tsutomu Wada, €t @l. .uiietneieennieoeeacneeoneonesonasoeoseenennosanens
High speed casting technique of No.5 CCM at Fukuyama Works,

Nippon Kokan K.K. (Technigue and operation of No.5 CCM at

Fukuyama Works, Nippon Kokan K.K.--II). Toshio Masaoka, et al. .so.....
Rationalization of tundish service at No.3 CC shop of Kakogawa

Works, Kobe Steel, Ltd. Hideki Yokoyama, €t @l. ..ueeeereneeoeennnenns
Improvement of slab quality at No.3 continuous caster in

Kakogawa Works, Kobe Steel, Ltd. Kiyoharu Akiizumi, et al. .......c...
Detection system of slab carry-over in continuous casting

process by optical method. Masatoshi Tokuda, €t Aal. +.eveeeeeneeoeennn
Prevention of nozzle clogging by slag control. Ryuji Yamaguchi, et al.
Nozzle clogging in high alloy steel containing Ti and Al.

Tadahito SudOs Bt @l. ittt eeeeeeeeennenenonnsesnennnnnnnes
Development of mold diagnostic technology. (Breakout prediction

and quality prediction). Kazuhisa Kurihara, et a@l. .ueeeeeeeeeneenneenn
Analysis of mold temperature transition of sticking breakout.
(Development of the mold total diagnosis technology--III).

Akira Matsushita, €t @l. ..iueiiuiennnennooeeneeennnsneoeenoaonnennnnenas
Effect of thermal cycle after solidification on hot~ductility

of low alloy steels. VYoshihiro Hanai, et @l. .u.eeeevoeeeooneeeennenns
Hot ductility and deformation resistance in high speed tensile

test of low carbon steel. Atsushi Aizawa, €t al. .cvveuerenneenennnnnns
Effects of compression casting on strain of slabs during

continuous straightening. Kazuhiko Tsutsumi, et a@l. ...ceueeeeenonnnnn
Development of closed OG system. (Development of closed system

for OG and refining process--I). Takashi Harabuchi, et al. ..eeeeeeo..
Development of controlling technology for closed OG system.
(Development of closed system for OG and refining process~-1I).

Toshiki HinO, @t @l. tuitiniutineinnnennneeenoenuasonsenonsonsanansennes
Operating results of closed OG system. (Development of closed system
for OG and refining process~--III). Yujiro Ueda, €t @l. .uueueeeewoneenens
The construction and operation of waste gas boiler at No.3

steel making shop at Fukuyama Works, Nippon Kokan K.K.

Masahiro Kawakami, @t @l. 4ueeeuenuunennennneeneennnnacannnnnnonnnennns
Applying the split bearing to converter trunnion.

Shigeki Tamada, €t al. vuveereweenonenennn e reseceeacasacsesss s sacane
Operation result of top and bottom blown converter with wide

range of flow rate. (Development of top and bottom blown

converter with wide range of flow rate--II). Hiroshi Kondo, et al. ...
Automatic blowing control system for combined blowing process

of bottom gas flow rate variable type. (Integrated automatic and
optimum control system for BOF using informations drived from

exhaust gases--V). Shoichi Osada, et al. e et s e e s et e e e e e aeann
Formation of acceleration on bottom tuyere by inert gas.

(Operating results of a new combined blowing using COp--1IV),

Tetsuharu Ibaraki, et al. Sttt et et c et ettt e et
Choking phenomena of gas flow in the tuyere of the combined

blowing. (Conversion to combined blowing system with wide

range of flow rate--I). Rinso Tachibana, et @l. ....ieiinnenennnennnn.
Control system for combined top- and bottom-blown converter

of No.l steelmaking plant at Mizushima Works, Kawasaki Steel

Corp. (Conversion to combined blowing system with wide range

of flow rate--II). Akira Yamane, et al. St i e et es s ettt ac e ean e ans
Operation of LD converter using pre-treated hot metal.

(Operational results of new steel making process-~III).

Tetsuzo Ogura, et al. T e et ettt ettt ettt sttt
Operation with low silicon hot metal in the top and bottom blowing
converter. Natsuki Namura, et al. S et teeie st eaece st et
Refining stainless steel in top and bottom blowing converter

with dephosphorized hot metal. Haruhiko Ishizuka, et al. .............
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192

193
194
195

196

197

Decarburization mechanism of high chrome molten steel under
top-and-bottom blowing condition. (Basic research on

decarburization of high chrome steel--III). Shin-ya Kitamura, et al. ..

Development of scrap preheating method by combined blowing

process. (Development of a new method of stainless steel making
process—-III). Hiroyuki Aoki, et a@al. .iiveeceerenseescasasnsannannns
Effect of (MnO) on LD-OTB operation. Shin-ichi Nakajima, et al. ...
Temperature and reactions at fire spots in top-and-bottom

blowing converter. Norio Misaki, et @l. ..veeveceonncsacssscasansns
Nitrogen behavior in the top and bottom blowing converter.

Jun—ichi Fukumi, @t @l. .iveeeneeeeeceeecsssocnsooasesnasescsnssnnss
Thermal compensation by post combustion in converter.

Haruji Okuda, €t @l. ..ceveecesnreneeennssssosncneasassasascsnsacess
Development of the post combustion technology in LD converter.

«e e

e e o

(Study of post combustion in LD converter--I). Toshiya Harada, et al. .

A consideration of the post combustion mechanism in LD converter.

(Study of post combustion in LD converter--II). Ryoji Tsujino, et al. .

Investigation of the effect on post combustion in LD converter.

(Study of post combustion in LD converter--III). Ryoji Tsujino, et al.

Removal of sulphur and nitrogen from molten steel by flux injection
in RH vessel. Takashi Okada, €t @l. ..ceeecreencnsacsnconocasoanncen
Manufacturing of clean steel by injection refining with intensive
stirring in ladle. (Development of injection refining with
intensive stirring in ladle--II). Yoshio Watanabe, et al. .........
A dephosphorization of molten steel containing chromium.

(Production of clean steel by ladle refining technology--III).

Naoto Tsutsumi, et A@l. ..iiiieneieeeeeeoccaanooasssssnncscascnsccasss
Development of refining for the production of high sulfur grade
stainless steel in AOD. Haruki Ariyoshi, et al. .....eceeeeneieannns
Bottom Ar gas bubbling utilized pretreated hot metal.

Takahiko Sato, et @l. t.iiterereteeneenoesasnnonassnsesosocnnnnssocnsas
Nitrogen behavior during vacuum decarburization in 50T voD.

Hazime MOri, €t @l. ..uuiieceroneseaneannssssosesassascsasoossnnssnns
Ladle furnace operation technique using cored wire. (Nozzle
blockage controlling for molten steels containing Al in ladle).
Katsuhiko Matsubara, et al. ....viieieerneeeasacsannencnnsossnnocsnns
Unification of facilities and improved technology for high grade
steel production in Yawata No.l steelmaking plant, Nippon Steel
Corp. Kosuke Yamashita, et @l. ...ii.veiveccessncsassnsasnccncoannanas
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198
199

200
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Thermodynamic analysis on peritectic point in Fe-C-M system.
Kiyohito Ishida, @t @l. tiieeitereeceersnsscacsososanosssaasosaasnsnss
Solute redistribution in planar solidification with solid

state diffusion. Sumio Kobayashi. ....cieeeeeeincoenncccsatsnccnnosas
Equilibrium distribution coefficients of solute elements at high
concentration range of carbon in Fe-C base ternary alloys.

Akihito Kiyose, et @l. tiiiuiireniocenacsonncnnseeannessnssansancennsnns
Observation of solute redistribution in dendrites by § + ¥y
transformation in solidification process. Yoshiyuki Ueshima, et al.
Analysis of solute redistribution in dendrites by § » vy
transformation in solidification process. Yoshiyuki Ueshima, et al.
The effect of chemical compositions on redistribution of

manganese and phosphorous in steels. Wataru Yamada, et al. ........
Solidification of supercooled Fe-P melt and its crystallized

phases. Hidetoshi Matsuno, et al. ...ceeereeccacceccccssnsconsssncs
Effect of cooling rate and alloying element on the grain growth

of austenite. Kunio Yasumoto, et al. ...ceiierecencacsscaccnacasnnes
Effect of carbon contents on the solidification structure in
continuous cast billet. Masayoshi Yokoyama, et al. .c.ccecieccansse
Application of electro-magnetic stirrer on round billet caster.
(Round billet casting process--IX). Hironori Yamamoto, et al. .....
Influence of electromagnetic stirrer in the mold on center

line segregation of CC bloom. Hisao Yamasaki, et al. ..............
Effect of mold EMS on round bloom quality of stainless steel.
(Development of continuous casting for stainless steel round
bloom--IV). Shogo Matsumura, €t al. ..eceereecncecerroccsscsancnsces
Accomplishment of low superheat and its effect on center line
segregation. Masahito Suitoh, et al. ...iveieecensorntcoscascnsncne
Development of technology of light-reduction casting of blooms.
Shin~ichi Fukunaga, et @l. ...ceeiiceacesacsasoosssnsassssncanssassns
Effect of soft-reduction on the formation of V-segregation

at the final stage of solidification for C.C. slab.

Masafumi Zeze, €t Al. .u.oveerereasosoansecscneccassssosscsnscsconocns
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Theoretical analysis of the fluid flow .in the mushy zone of
continuously cast steel slab. (Analytical studies on the fluid
flow.- during the late stage of solidification in the continuous

casting of steel--I). Ken-ichi Miyazawa, et al.

D R I R R R A A

Measurements of the fluid flow during solidification by the

pin method. (Analytical studies on the fluid flow during the late
stage of solidification in the continuous casting of steel--II).
Hideyuki MiSumMi, €t @l. ttuuiieeeonneeaoeccannoeeaoenoeaoncnennnsnnses
Effect of roller bending on centerline segregation of

continuously cast slab. Seiji Nishimoto,
Improvement in centerline segregation of continuously cast

slab by split roller. Mamoru Yamada,

et al.

et al. /. ittt i

Effects of V-shaped segregation in the continuous cast slab
on the hydrogen induced crack sensitivity.
Analysis of sulphide inclusions in CC slab by computer aided

micro analyzer. Yoshimori Fukuda,

et al.

Yasuo Hitomi, et al. ....
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Effect of CO gas on the mechanical properties of SiC
bricks for blast furnace. Tetsuo Hirota,

Result of insulating lining for torpedo car.
Microstructural consideration of wear mechanism of
refractories for torpedo car. Tsutomu sato,

D I I T I I N A A R S AP A P

Kinji Kanematsu, et al.

[ - B

Development and improvement of hot metal refining furnace.
(Operational results of new steel making process--II).

Toshiharu Takebayashi, et 8l. .t.iiieriiennnnnerennonenocseacaneannannen
Application of unburned MgO-CaO-C brick to combined blowing

converters. Yasuo Imaiida, et al.

Development of refractories for LD-OB converter.

The thermal behavior of alumina ladle.

steel ladle--IV). Tsuyoshi Mimura,

® e s s e e e s ac e oo e s te e s e s eeenas s

Shigemi Harada, et al.
Improvement of unburned tar magnesia-dolomite bricks for

converter. Akira Ohte, et al. ..uiuiuiiiinenneereeroeanenennoeaaaonanns
MgO~C tuyere brick for the top and bottom blowing converter.

Yasushi Sato, €t 8l. ..vutiennreeeesnornncoaasnsossssscacsoanansaanans

et al.

(Operation with capped

D R R R R R e O I I R I I SR R AP

Application of basic castable refractories to ladle lining.

Hisaki Kato, €t @l. ..ctiinuiieunnsoonsoessonaassncnannnnecnssasseanans
Kiyoshi Muta, et al.
Development of basic ladle refractory for casting method.

Hitoshi Nakamura, et al. ...i.iiiiiiieinnesaaasoessneoscncesansonannns
Application of forsterite-carbon brick to side wall in LF ladle.
Saburo Matsuo, et @l. tiuierieeeiesoenncaecncesosasssoanoeonansasennsas
Some improvement of vessel life at Fukuyama No.2 RH degasser,

Improvement of drying method of ladle refractory.

Nippon Kokan K.K. Masafumi Ikeda,

et al.

e s e e s s v ees s e s eeass e

Effect of chromium raw materials on life of MgO-Cr,03 DB brick.
Haruya Nagai, et @l. ... vriuirioesonnsosseeseesscaasoacoacnnnsasasonansaes
Lance for powder injection. Haruya Nagai,
Refractory materials for casting high manganese steel.

(Development of technology of high manganese steel making--II).
Taijiro Matsul, et al. ...euiinerioeseeeesoasccescscsssasosassssnnosascsns
Evaluation of thermal shock resistance of alumina-graphite nozzles

by high frequency induction heating method.
Reasons of sliding nozzle free opening failures.

(Development

of the new technology for sliding nozzle free opening--I).

Akira NobumoOtO, et @l. tiiiieeinesoosensannssacassssssssasssncccnoncsss
Sintering phenomena of sand for sliding nozzle free opening.
(Development of the new technology for sliding nozzle free

opening~-II). Kouichi Shimada, et

= T

Development of sliding nozzle gun opening technology.
(Development of the new technology for sliding nozzle free

opening--III). Akira Nobumoto, et
Rapid stabilization of steel slag.

The collapse of slag by Fe]l-xS reaction products.
Prevention of dusting for K-BOP slag.
Response time and stability of needle sensor.

= 0

Yoshihiko Mori, et al. .ceeeenvean

Yoshio Aso,
(Development of

Shunsaku Komoda ..
et al. ...

the oxygen sensor made by a thermal spraying method).

Kuniyoshi Urata, et al. .i.ieeercennennnennn

........ s e e e m e e e

Reference Electrode and EMF/O-ppm conversion with respect to

Zr0, type oxygen sensor. (Studies of zr0O2 oxygen sensor--I).

Ikuhei Sakaguchi, et @l. ..iiiiiiiieenereanoscosncsenssonsnssaascnsnnse
Improvement of EMF curve profile of ZrO; oxygen sensor for Al-
killed steelmelt. (Studies of zr0, oxygen sensor—--1II).

Ken-ichi Gomyo, et al. ............

Application of ZrOp oxygen sensor to low-Al steel refining.

(Studies of Zr02 oxygen sensor—--III).
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Optimum mold oscillation mode at the high speed castlng.
(Development of non-sinusoidal oscillation mode in continuous

casting of steel--I). Hideaki Mizukami, et al. ........cetttnieececannennn

Effect of non-sinusoidal oscillation mode in 5 ton experimental
continuous caster. (Development of non-sinusoidal oscillation
mode in continuous casting of steel--II). Hideaki Mizukami, et
Test result of non-sinusoidal oscillation mode in slab caster.
(Development of non-sinusoidal oscillation mode in continuous
casting of steel--III). Haruo Miyano, et al. ....ciievreececenns
Effect of carbon on flux melting in continuous casting.

(Study on the mold powder technology in continuous casting--XV).
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