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1.1 FEEHAMRLRIE
The Development of Monolithic Refractory Materials

AERIKIZEE LG iER R
Development of refractory construction:

IBFTRIERE+ A I hE TN hE L
Ramming to shotcrete + By mannual to by machine

#IT GRTEITH] W ER ME
Ramming Castable/Preshaped Guning Shotcreting

AERTMIHEGE ST RE
Development of bindings for monolithic Refractory
fERR E /K JEportland cement WS E Bk S PRI RS & 1T 7K T

BEEREE Phosphate B EEKVE Micro powder technology Nano-sol binders, etc
KB water glass Aluminate cement Ultra-low cement No cement
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Advantage of Silica Sol-Material

Pk, BIOAANFAESEAIER, ASBERMERIE, RAKKIER.

Resistant to heatup explosion, due to no migration of binders to stuck of capilary pores, and only water vapaourated.
B [[RIE s P& & iR = . Lower temperature sintering to ceramic binding.

B 5| A%:i/b . Inlet less impurities.
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High Quality Silica Sol

Precipitation of silica sol

B EAIRE

Uniform hardening

ESpRg e aadiin
(30, 40, 50%)

Now we have
30, 40, and 50%
solid content
sol silica
domestic product.



1.2 S}PA# 44 EZEEvolution of Blast Furnace Lining

%é)jfﬁ]? : *$‘?§”ﬁ/ﬁ°ﬂ%7ﬁ|\ }igﬁ‘%*&%o Up part shorcrete
. IO(? drnace rr;ae;lonrya brick Semi dry spraying: High strength, wear-resistant, and
inciuding speclal-shaped bricks Rebound by more than 15%; long-lasting, simple and fast

at the air outlet and iron mouth Low strength, short lifespan
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Evolution of blast furnace hearth maintenance

it e+ B PR TR RN 5% e Fl B3 + WP EL B2 A 3585
%% i5 + (9 G 31 Carbon bricks Residual carbon brick
Restore Design + Monolithic ceramic cup +Integral casted working layer

Carbon brick+ceramic cup



2 SFAFRBEIEREHAEAR
Typical Unshaped Refractory Technology for the
Inner Lining of Blast Furnace

AT R
Shotcrete lining for
BT B AR B blast furnace
Monolithic hearth casting of BF relining

2 B BETIAETE B2
Precasted SIFC cermet
layer on cooling staves
as prehanging slag
crust
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Erosion mechanism of carbon bricks in the hearth of
traditional structure blast furnace

G MNP EL B g5 #IMasonry structure of traditional hearth
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The erosion mechanism of the blast furnace hearth

REN=

Elephant foot erosion

YP IS # [EE i 1= T

Corrosion of BF hearth bottom



KPIEL$R 7K im B 2K B IS AP L kR A R 1R h
Temperature fluctuations causes fluctuations of C Concentration
in molten Iron which leads to disolution of carbon brick

At
oK B C B AR EE MR E T LTI 4
L TSN P\ SXRERENCH HZE (FakKE
e, D W) |, SACRET SN SRIRIKE
At S C (HATREMERTE) .

The solubility of carbon (C) in molten iron changes with temperature. When the temperature
of molten iron decreases, carbon precipitates and floats (and will not grow back to carbon
bricks). When the temperature of molten iron increases, more carbon needs to be dissolved

and absorbed (for example, from the sidewall carbon bricks).



KPEL k7K im P 3% a8 AR P RL ki 7 R R Tt
The temperature fluctuation of molten iron in the hearth causes dissolution and
erosion of carbon bricks in the hearth.

SRS, SO T IR R PSR B2 B B M e 0.
At o vvinmmngy — BEEREEEX, MRS SR ERIR,
Fluctuations of temperature and  YA4T Py T R #B 3 5 I E B AL R IME R HD, ILA KR B

C concentration in molten iron

TENEESZK, REZAKKRNBBESHTHEZ.
BKRERZHNXE, RESZHE™E, XN ESEKORNTER
X, BE2IEERNIEEZRARXEDEZHK KRS XE,
EHMERT "SREARHK"  XBEEREZIREREFM,

The taphole discharges iron periodically. The temperature of the molten iron in the dead iron layer below the taphole rises and
falls periodically. The larger the periodic temperature difference, the more intense this absorption and precipitation will be. At
the corner where the vertical surface and the bottom surface of the hearth bottom are double-sided cooled. At this point, the
amplitude of temperature rise and fall of the molten iron is the largest, and carbon is most likely to dissolve, precipitate and
float. In areas where molten iron flows through more, carbon is more easily carried away. Corresponding to the lower areas on
both sides of the taphole, this is not only an area with the largest temperature fluctuation amplitude but also an area where

molten iron flows through. Therefore, it has become the "elephant foot erosion area", where elephant foot erosion is most likely

to occur.
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Research and Development Process of Hearth Castable

Cooperate with Shougang Jingtang Company and
Shougang Technology Research Institute to
conduct simulated hearth casting tests in the
factory.

Take samples and comprehensively evaluate the
properties of materials such as erosion resistance,
explosion resistance and thermal shock resistance.
Later, it is applied in the hearth casting of three
5500 cubic meters blast furnaces in Jingtang.

HNREADNENRARAREGE, £ REEIPELREN;
R, MYMHERME, &, Tn,,mé'gﬁri R aTH, EERBE=ES500m* FIFPILRIENA.
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Novel Modes of Blast Furnace Hearth Maintenance

R+ REEAER eI B+ P EL R iRE
Carbon bricks Residual carbon brick

+ Monolithic ceramic cup +Integral casted working layer



Clean the Hearth for Recasting on the Residual Carbon Bricks

BEAPEL YR B e




YPET5%5EFurnace Casting
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The overall casting effect of the hearth



2.2 EBEREAN
SIFC Cermet Pre - slag Crust Hanging Technology
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Brittle fracture at the neck of traditional brick lining

The inside view of furnace wall after

the brick has broken and fallen off

Cooling Stave



Early 'pre hung slag skin castable’
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SIFC Cermet
by Allied Rongda

High steel fiber content
20—-30wt%



Experimental verification
of ordinary steel fiber reinforced castables
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SIFCE[ERETIEERMET=
Characteristics of SIFC Cermet

High steel fiber
content of 20-30wt%

Ordinary castables High flexural

o 0 strength (50-80MPa)
(@ ] ®
o =+ O - .
Q) = . -
3 T =h SIFC metal ceramic material High toughness (high
® ® O - .
= ® bending/compression
7))
3 ) ratio, 1:2)
® = Unbreakable _
g High temperature
m L ]
1 uncrushable resistance

Wear resistance

Self repairing

Steel fiber content 1-5%



High Thermal Conductivity

Table 1 Thermal conductivity of SIFC at different temperatures

SIFCESS=

At high temperatures, the thermal
conductivity of the material can reach
over 20W/(m - K), ensuring efficient heat

transfer;

Refractory base material ensures the
material's resistance to slag and iron

erosion.



Applicaation



RRIFATRIE S B QAN EE
Installed
SIFC Cermet pre hanging

slag skin blocks



After three years of use

> RS R g

Pre hanging slag skin

steel fiber
Pre hanging slag skin

steel fiber

Energy conservation, consumption
reduction, low-carbon emission
reduction



2.3 Lining by Shotcreting in Blast Furnace.

ShalEES L)




Test on the Resistance
to CO Erosion of Shotcreting Materials

BERFLCOR MRS

C sedimentation

causes damage
500 °C X72h in CO atmosphere



Research and development of large-scale and
efficient shotcreting equipment

b kST

Large spraying volume and retractable
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4038 giant blast furnace
Ansteel Bayuquan

B4R B £ Bl 40383 E b

Highest record of spraying volume
22 t/hr
total amount over 400tons
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S {ExPHot state repair technology
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Trends of refractory Tech for BF lining

MAM = Personal Opinions

1 FREEMRERES ImRELess carbon brick for hearth but
more composite material replaced.
BZRANE RN ER HlmMore unshaped material.

3 BUFSEAFEARIMNA, B8iEMESEILIShotcrete and injection,
cold and hot online.

4 BEFHEIREEHNE P4z R4E2General contractor for blast
furnace rapid repair and maintenance

A
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