obooobooboobd 3880 120080

oo

OO0O000ooooooooad

Technological Philosophy and Per spective of Nano-Tech. Refractories

0Doooooo
Kiyoshi GOTO

oogoooooe®
Shinichi TAMURA

ooooooa
Tsunemi OCHIAI

gogooooo
Taifiro MATSUI

gboooo

goooooooooooooboooooooboooboobooboobooboobooboboooo
gobooobooooboooooboobooboobooboOooOoobooOoobboOobbooboobooDbo
ooooooooooooooooOooboOoOoOooOoooOOobOOoOoOooOoOoOooOOCbOOOoOooODOoOon
gooooooooooobooboboOoooooobooOobOOooooooOooOobOOOoOoOoooboOoOObOOoOoOon
goooooboooooooooooobooOooooooOoobooOoooooooOobobobOOoOoooooDoon
gboobooobooooobooobooboobOoobOoOooOoOobOOoOobboOobboobOoobOooDo
gbooboooooooooboooobboobooboooDo

Abstract

In recent years, in refractoriesindustry, a cost supreme principle occupies the mainstream and
even atechnical feeling of a blockade is sensed. M uch more high purity steel and strict component
control steel will beregired in the future, and the request to the ultra low carbon containing re-
fractoriesin refining and casting of steel isindispensable. Realization of Nano-Tech. Refractories
based on the Nano Structural Matrix is expected as a leading measure. If the further leap of re-
fractoriestechnology isaimed at, introduction of the new technology which exceeded the existing
frame on the occasion of development isindispensable. In thisreport, with the following two con-
trol technologies, Nano Structural Matrix is developed and the direction towards utilization of
Nano-Tech. Refractoriesis shown. Two control technologies are, a)Control of the packing struc-
tureby dispersion of the nano particles of various shapes, or the pore structure by modification on
the surface of a coarse grains, and b)Control of the combined structure in the heat-treatment
process of binding materials.
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Texture of Refractories

Grains

[Organic Binding Material]
Molecular Structure Gontrol
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Nano Structural Matrix
Nano Scale Additives

Crystal Structure

Molecular Synthesis
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Carbon Black
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Outline of nano structural matrix
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Effect of nano structural matrix
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Experimental condition of experimental brick (%)

Specimen CBl1 | CB2 | CB3 | CB4 | CB5
Aggregatetype C  100nm Aggregatetype D 100nm MgO 95 95 95 95 95
Single sph A . } ) . .
TR
TEM image of carbon blacks ggregate typ . i i . .
oooDo0ooooooooog
Characteristics of carbon black
Aggregate Aggregate Aggregate

Single sphere type

(small diameter type)

(comparatively
uniform diameter)

(coexistence type of large
diameter and small diameter)

Carbon black species A B C D
Specific surface area (iodine adsorption: mg/g) 19 200 60 20
DBP absorption (m1/100g) 30 130 130 140
Component particle diameter (nm) 90nm class 10nm class 40nm class -

Surface area: small

Feature . .
Oil adsorption: small

Surface area: large
Oil adsorption: large

Surface area: small
Oil adsorption: large

Surface area: medium
Oil adsorption: large
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Additional effect of aggregate C type
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Effect of addition of ag

gregate types (O)

Specimen (MgO-C(3%)) X Y Z(conventional)
MgO 96 96 78
Single sphere type A s, 1.0 0

Aggregate type C / 0.5

y
Aggregate type D /|

[o| s

Flake graphite / I 0 0 18
Resin binder I 2.5 3.2 \ 2.8
Spalling test (*1)/(ycle / 12 15 \ 15

in m ten iron at 1400°C

(*1) cycles unil peeling occurs7y repetition of dlpplﬁ specimen

Aggregate type
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Performance of nano-tech. MgO-C brick applied to practical
use
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Effect of HGB on oxidation resistance

“Oxidation Resistance”

Specimen (MgO-C(3%)) | A B

MgO 9% Small quantity

Aggregate type 15| 15f=( ybrid

Resin binder (HB) 32 Graphite
Black

Resin binder (HHB) 3.2 fe==

10 hours oxidation
at 1400°C

HGB is included in B g Self Repair
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Enlargement of Fig. 11(a)
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0120 0000000000000
Lace like structure in carbonized matrix

NONE SEI 5.0kV 0 100nm WD 8.0mm
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50KV X30,000 100nm
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Fiber like structure in carbonized matrix
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Composition analysis of fiber like structure
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Evolution of MgO-C nano tech. refractories

Version 0

Version 3

Version 2 | .\yhite MgO-C"

Version 1

Process

NotBurned —————>
. ¢ Burned —»

e Burned ——»
in Reduction _
Atmosphere _Self Repaire
Characteristics
Oxid (o
Thermal Shock Re
Resistence
Carbon | Single sphere ! . ) e | R A
% Black | Aggregate ( )
= 1 |
E Hybrid Binder (HB) ( )
o | Hybrid | single sphere ( : )
= .
2 | Graphite Aggregate *
Black | pjigh performance HB(HHB) —_—
Total Carbon (%) Example 18 3 3 15
Conventional . . .
Improvement_"_ Low Carbon (Insulation. Higi quality steel) ~=———>
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composition amount(%)
MgO 96
HGB
Aggregate type | 0.4
Binder HHB 2.5
Others 1.1

HGB:Hybrid Graphite Black
HHB:High performance
Hibrid Binder

Appearence

Cross Section
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White MgO-C nano tech. refractories (WMC)
WMC Joint of WMC Conventional
Total Carbon(%) 1.5

S emi:

20

s sem

i ]

Horizontal cross
section

Horizontal cross
section

Vertical cross
section

2.3

Wearing rate (mm/heat)

4.1

Oile0oOooooooo

oooooooon

Test result at the slag line of the ladle

Cut off

After 1000°C

l [Oxidation test]

After 1400°C

Cutting =»
face

Ll

JAtSTeTen TR ATH

Cross section of brick

- =

Dense surface layer created

01700000 MgO-CO

i
Decarbonization 3mm

< Surface
layer

No decarbonization
Self-repair
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Oxidation resistance of white MgO-C nano tech. refractories
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(First Step)

Thermal shock resistance ¢= Insulation
Corrosion resistance

Oxidation resistance ~ Self Repair

l ~ Fine Refractories
Technical Ceramics
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Application of nano structural matrix to ceramic materials
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Basic compositions of nano tech. refractory brick

Specimen No.1
Carbon black[ see also Fig. 700 D
Resin binder HHB
Additives Al
Flake graphite None

26 (CuK)

0190 MgO-CO O OO M No.1D10000 00O 0DOOOOXODODODODDOOO
cBCOUOODDOOOOOODMMODOCUOOOOODODOOZ MOODOO0O
XRD patterns of a No.1 nano-tech. magnesia carbon brick after firing at 10000
Open circles show peaks of B,C, and closed circles shows peaks of graphite. Horizontal axis shows 26 using copper target,

and vertical axis shows intensity respectively.
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SEM image of fracture surfaces of No.1 nano-tech. magne-
sia carbon bricks after firing at 10000
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Properties of the No.2 nano-tech. magnesia carbon bricks

after firing at 1 4000

C (mass%) 35
Bulk density 3.13
Apparent porosity (%) 7.3
Modulus of rupture at 14000 (MPa) 24.9

(o1}
(e}

N
(e}

(VY]
(e}

DO
o

—_
[

Modulus of Elasticity /GPa

o

600 800 1000 1200 1400
Temperature /'C

gz2i0Mgo-COODOMNo2lMOOOOO
goooooooomobooooooMPal 0O og
oooooo
Modulus of static elasticity of No.2 nano-tech. magnesia
carbon bricks
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No.2 nano-tech. magnesia carbon briks in a RH degsser

sidewall after use (between broken lines)
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