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Advanced Creep Testing of Refractories Providing
New Insight into Material Behaviour
S. Jin, H. Harmuth, D. Gruber, S. Schachner, P. Meunier, R. Techer

Feasible high temperature testing approaches for ordinary ceramic refractory materials are of import

ance to understand material behaviour in service and further facilitate the material development. Aside
from the wedge splitting test and modified shear test applied to investigate the tensile and shear failure
respectively, an advanced high temperature compressive creep testing device was developed to characterize the creep behaviour of ordinary ceramic refractory materials. The application of rather low preload
during heating up procedure and creep measurement on the cylindrical surface of specimens allows for
determining the creep onset and deformation accurately. The study of an ultralow cement alumina cast
able demonstrated that the creep of the virgin castable below 1500 °C is overruled by sintering, which is
sensitive to the preheating conditions of preload, dwell time and temperature. Caution shall be taken on
the creep testing conditions for monolithics, and the consideration of service conditions is necessary. The
identification of sintering contribution to the deformation during creep testing is also essential to gain
advanced understanding on the thermomechanical behaviour of industrial vessel refractory linings.

1 Introduction
The rigorous requirements to build a sustainable society and support the advanced
metallurgical technology dramatically challenge the development and application of
refractories. Certain possible attracting features of refractories are low CO2 emission,
reduced material consumption, contribution
to energy saving and metal quality improvement, etc. As reported by PRE (the European Refractories Producers Federation),
refractories experiencing a firing procedure
before being put into practice involve sub-

stantially higher equivalent tonne amount
of CO2 than those unfired [1]. In the last
decades, the production and research activities of monolithic refractories increased
evidently [2, 3].
An integrated engineering-targeted development activity of monolithic refractories
shall involve the material design with various ingredients, the application of suitable
testing approaches especially for elevated
temperature purpose and the refractory
lining concept optimisation of industrial
vessels. The lack of comprehensive considerations might mislead the material de-

velopment. For instance, the concept, “the
stronger, the better”, in the fine ceramic
field deeply is misused in the development
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investigated the influences of preheating
conditions on the creep determination under
constant loads and temperatures.

2 Advanced compressive
refractory creep testing device
[11]

Shown in Fig. 2, the whole setup is based
on a spindle-driven universal testing machine of sufficient stiffness, and an electrical
furnace is inserted. The furnace is composed
of two symmetrical parts, held together by
means of hinges in the rear and can be
closed tightly with two buckles in the front.
Two platinum-rhodium thermocouples are
Fig. 2 Schematic diagram of the testing machine by courtesy of MESSPHYSIK/AT
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Fig. 3 Setup of the high temperature compressive creep test with furnace opened

3 Experimental
An ultralow cement alumina castable was
investigated, and its chemical composition
and physical properties are shown in Tab. 1.
The castable was prepared by adding
3,5 mass-% water and cast into blocks
of 100 mm × 100 mm × 100 mm. Compaction was performed by vibration. After

perimental
he castable was prepared by adding 3,5 mass % water and cast into blocks of 100×100×100 mm3. Compaction
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n in Tab. 1.
Tab.1 Typical chemical composition and properties of the alumina castable
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was performed by vibration. After hardening in a sealed cabinet at room temperature for 24 h, the cast blocks
were cured at 110 °C for another 24 h. Cylindrical specimens (∅35×70 mm2) were drilled from the cured blocks
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Fig. 4 a–c Creep curves under a constant load of 3 MPa at a) 900 °C, b) 1000 °C, and c) 1100 °C with different preheating conditions
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In 1200—1400 °C (Figs. 5a—c), the creep tests were carried out at the constant load of 0,2 MPa. The figures

strain difference of 2·10-2 to that with 5 N and without dwell. The preheating conditions of 100 N preload
without dwell reduced the creep deformation by 4,6·10-3. At 1400 °C (Fig. 5c), creep curves looked substantially
different to those at 1200 and 1300 °C. It is noticeable that after a sharp increase of creep strain in half an hour,
the creep curves were nearly flat in the residual 4,5 h when the specimens did not experience a dwell procedure.
In contrast, the specimen after 3 h dwell at 1400 °C showed insignificant creep. At 1500 °C (Fig. 6), the creep
strain difference of curves with 5 N and 100 N preloads was negligible, and the 3 h dwell procedure accelerated
so show that a higher preload or 3 hours dwell contributed to a decrease of total strain. At 1200 °C (Figure 5a),
e ultimate strains of curves with 100 N and 3 hours dwell were 10-3 lower than that with 5 N and without dwell.
t 1300 °C (Fig. 5b), the 3 h dwell brought about a significant increase of creep resistance with an ultimate
rain difference of 2·10-2 to that with 5 N and without dwell. The preheating conditions of 100 N preload
ithout dwell reduced the creep deformation by 4,6·10-3. At 1400 °C (Fig. 5c), creep curves looked substantially
fferent to those at 1200 and 1300 °C. It is noticeable that after a sharp increase of creep strain in half an hour,
e creep curves were nearly flat in the residual 4,5 h when the specimens did not experience a dwell procedure.
n contrast, the specimen after 3 h dwell at 1400 °C showed insignificant creep. At 1500 °C (Fig. 6), the creep
rain difference of curves with 5 N and 100 N preloads was negligible, and the 3 h dwell procedure accelerated
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(a)

(a)

(b)

(b)

(c)
Fig. 5 a–c Creep curves at a constant load of 0,2 MPa at a) 1200 °C, b) 1300 °C, and c) 1400 °C with different preheating conditions

with 100 N and 3 h dwell were 10–3 lower
than that with 5 N and without dwell. At
1300 °C (Fig. 5 b), the 3 h dwell brought
about a significant increase of creep resistance with an ultimate strain difference
of 2 · 10–2 to that with 5 N and without
dwell. The preheating conditions of 100 N
preload without dwell reduced the creep
deformation by 4,6 · 10–3. At 1400 °C

(Fig. 5 c), creep curves looked substantially
different to those at 1200 and 1300 °C. It
is noticeable that after a sharp increase of
creep strain in half an hour, the creep curves
were nearly flat in the residual 4,5 h when
the specimens did not experience a dwell
procedure. In contrast, the specimen after
3 h dwell at 1400 °C showed insignificant
creep. At 1500 °C (Fig. 6), the creep strain
difference of curves with 5 N and 100 N
preloads was negligible, and the 3 h dwell
procedure accelerated the creep.
The above results exemplarily demonstrate
the impact of preheating conditions on the
measured creep deformation of a virgin
The above results exemplarily demonstrate the impact of preheating conditions on the measured creep
castable. The equilibration processes in the
virgin castable occurring at elevated temperatures account for this. The equilibration
might bring about diffusion, sintering,
shrinkage and formation of new phases.
The phase equilibrium calculation applying FToxid oxide database of FactSage 7.0
[12] indicates that the liquid phase occurs
around 1100 °C and the amount increases
Fig. 6 Creep curves at a constant load of 1 MPa, and 1500 °C with different preheating
with respect to temperature, and above
conditions
of 5 N and 3 h dwell were applied. It is clear
that the impact extent of 3 h dwell was
higher than the preload 100 N.
In 1200–1400 °C (Fig. 5 a–c), the creep
tests were carried out at the constant load
of 0,2 MPa. The figures also show that a
higher preload or 3 h dwell contributed
(c)
to a decrease of total strain. At 1200 °C
(Fig. 5 a), the ultimate strains of curves

he above results exemplarily demonstrate the impact of preheating conditions on the measured creep
66

refractories WORLDFORUM

10 (2018) [2]

PaperS
1280 °C mullite is formed. The microstructure study showed that the virgin specimen
contained aggregates of corundum and
quartz. The XRD analysis of tested specimens after 3 h dwell showed that anorthite
and cristobalite formed additionally after
testing at 1300 °C, whilst only corundum
and mullite were identified after testing
at 1400 °C. The discrepancy between XRD
analysis and FactSage calculation is caused
by the equilibrium dynamics. It is assumed
that below 1400 °C or at 1400 °C without
sufficient dwell duration, the e quilibration
between silica carriers of quartz and micro
silica added to the mixture composition
and alumina was not yet achieved. The
solid state sintering at low temperatures
accompanied by the Ostwald ripening process [13] could also result in shrinkage of
the virgin castable. Therefore, a significant
deformation was always observed. A long
dwell period or high preload promotes the
equilibration processes and grain growth
accompanied by the Ostwald ripening process, which enhance the creep resistance.
The formed liquid phase of great amount
at 1500 °C controls the creep of the virgin
castable and the role of sintering is undermined.

5 Conclusion
An advanced high temperature compressive
testing device was developed to characterize the creep behaviour of ordinary ceramic
refractory materials. With this creep device,
the contribution of sintering to the observed
strain was identified for the monolithic materials exemplarily. In practice, the monolithic materials may experience complex
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cyclic thermal conditions, for instances,
preheating of monolithic linings in a virgin
state, thermal shock at the hot face, and
various thermal histories of different zones
in a monolithic lining. It is necessary to investigate the influences of service related
thermal histories on the irreversible de
formation of monoliths, and further develop
feasible material constitutive models to
describe the coexisting sintering and creep,
for the sake of elaborate material and lining
concept designs.
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