Preparation and Properties of Oriented
Steel Fiber Reinforced Refractory Castable
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E Steel fiber reinforced refractory castables are widely §
E used in steel metallurgy and other high-temperature industries ¢
E in critical service parts, where the working environment is §
! VETY SErious. .
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E Adding steel fibers to refractory castables will &
E substantially increase the fracture toughness of the material, i
E improve its resistance to thermal shocks, mechanical &
| vibration and impacts, delay and reduce cracks expansion i
E and spalling. '
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The reinforcing and toughening effect of
steel fibers on the material can be explained by
composite material theory or fiber spacing theory
without considering the effect of temperature.
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In addition to the length, diameter and volume
percentage of steel fibers studied above, the
directional distribution of steel fibers is also a
key factor affecting the reinforcing and
toughening effect of steel fibers.
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Where o, represents the strength of the steel fiber |

composite material, 6, is the strength of the matrix i
material, V; is the volume fraction of steel fibers, 1 is i
the orientation factor of steel fibers, n; denotes the |
effective length coefficient of steel fibers, 1 is the bond i
strength between steel fibers and the matrix, 1 is the |
length of steel fibers, and d is the effective diameter of |
steel fibers. 3
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Precast
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Under the service conditions, the load and working conditions are generally fixed. The stress direction |
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y of refractory castables is basically the same, and only a small part of the steel fibers in the castables are
: oriented in the direction of load or thermal stress, which results in the enhancement of toughening effect of !
\ | the steel fibers not being brought into full play, thus affecting the performance of the steel fiber castables.
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RSFRRC

Random steel fiber reinforced
mullite castable

OSFRRC

Oriented steel fiber reinforced
refractory castable
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However, there are few studies on the influence

f steel fiber direction distribution in refractory
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astables. This work took mullite steel fiber castabl
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as the research object, successfully prepare
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riented steel fiber reinforced castable, an

studied its properties.
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Compositions of Steel fiber reinforced mullite refractory castables
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I Rheological

:: property of slurry Direction coefficient
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1
self-made electromagnetic !
induction device i
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Preparation process of OSFFRC
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:0 Steel fibers were

ioriented by a self-
'made electromagnetic
'induction device.
! ® The viscous force

-~ of castable slurry is
| the main resistance to
' the orientation of steel
' fibers.
! ® The length of the
1steel fibers on the
| section plane could be
| obtained by the

e e e N method of section

image processing.
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Physical properties, mechanical properties and thermal shock resistance Microstructure analysis
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The influence of different amounts of silica :
fume addition on the rheological properties :
of refractory slurry: (a) viscosity; (b) relatio
nship between shear rate and shear stress; }
(¢) thixotropic ring; (d) rheological paramet !

|
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As the microsilica addition increases,
viscosity, thixotropy, yield stress, and
shear thinning degree all show an
increasing trend.
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B OSFRRC#]4& Preparation of OSFRRC

(2) (b) (c)
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Effect of silica fume addition on 1) 4 Effect of magnetic field strength on 5 , Effect of action time on 7 4

The optimum preparation process parameters of OSFFRC are microsilica addition 6 wt.%,
magnetic field strength 2.5 mT, action time 60s, while the 10 reached an impressive value of 0.96,
indicating a remarkably high alignment of the steel fibers within the castable.
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Mechanical properties and its strengthening and toughening mechanism
110°Cx24h 1100°C x3h 1350°Cx3 h

It is evident
that OSFRRC
samples exhibit
significantly
higher peak
loads and
maximum
displacements.

Force-deformation curves for three-point bending test and the WST 12

—— . — . —————— ——— — —— — i ——— —— —— i ———,———— ———— —— i —— i —— i — i ——————————— ——__ -

— o ————— —_——_——_—_—_—_ i _ i, i

e~



B AR R LERENE

Mechanical properties and its strengthening and toughening mechanism
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The OSFRRC samples
also exhibit higher CMOR
and fracture energy Gyg
indicating that the
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Mechanical properties and its strengthening and toughening mechanism
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The orientation of steel fibers
increases the number of steel fibers
bridging cracks on the failure !
surface of castables, which can fully
play the role of bridging cracks,
greatly improving the strength and
toughness of OSFRRC samples.
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Mechanical properties and its strengthening and toughening mechanism
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DIC results of the SFRRC tested in the WST

OSFRRC samples exhibit more severe crack deflection and branching. The deflection and
'branching of cracks make the path of crack propagation intricate, thereby enhancing the stress




RSFRRC OSFRRC

Load-displacement curves before and after thermal shock tests

CMOR retention rate before and after thermal shock tests

Number of thermal CMOR after thermal CMOR
shock cycles/times shock/MPa retention rate/%
RSFRRC 1 6.70 39.69
3 2.75 16.29
5 1.91 11.25
OSFRRC 1 7.90 43.92
3 3.43 19.06
5 2.51 13.90
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E The orientation of steel fiber
! greatly improves the retention of the |
i residual CMOR of the samples. With !
i the increase of thermal shock cycles, !
i the fracture behavior of samples i

' becomes more nonlinear.
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B #4322 P Thermal Shock Stability of OSFRRC

BSE images of samples after thermal shocks
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| Following thermal shock treatment,
i continuous and relatively wide cracks become
| evident near the steel fibers in RSFRRC,
i leading to significant fracture of the steel

1
| fibers. In contrast, in OSFRRC, crack

i propagation toward the steel fibers shows

inoticeable deviation and ultimately

| disappears.
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M Y ¥ %At K 224, (When the addtion of silica fume was 6wt.%, the magnetic field action
time was 60s and the magnetic field strength is 2.5mT, oriented steel fiber reinforced refractory
castables with an 1, of 0.96 were successfully prepared.)

V RS EBREERTAEREREARASIKER K A8 R KM, KigRS T HHEE
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WH S Y AT . (The orientation of steel fibers enhances their effectiveness in bridging cracks
and dispersing stress within the castable matrix, and greatly improves the fracture toughness of the
material. During the fracture process of OSFFRC, the crack propagation path becomes more
complex (branching, deflection), enhancing the ability to resist crack propagation.)

V RHBBRETIARA R AL R EHGRBERE, FRUBEERXBEGHIEXREMEITH. (The
orientation of steel fibers can significantly improve the thermal shock resistance of castables, and
optimize the nonlinear fracture behavior of samples after thermal shocks.)
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