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Abstract

New fine Aluminas, fine Spinels and a Calcium Aluminate
cement have been developed as part of the ‘Matrix Advantage
System' (MAS). The MAS has allowed the development of low
moisture selfleveling castables with controlled but flexible place-
menl properties in a wide temperature range. The water demand
to achieving selfleveling flow performance of such castables, with
a 5% cement addition, is 4,0 — 4,7%. The major physical and
mechanical properties of these castables and the corrosion beha-

» vior of selected castables against basic slag has been tested. The

placement,setting and flow properticsinatemperature range het-
ween 735 °C are demonstrated.

1. Introduction

Duc to the superior placement properties, when compared witly
vibration castables, the consumption of selfleveling castables has
increased considerably. Applications such as monolithic ladle
linings — where pumpability of the refractory material is critical
for quick and easy installment — have strongly influenced the use
of selfleveling monolithic systems. For the production of selfleve-
ling castables the refractory industry has so far had to use raw
materials which have not been specifically designed and optimi-
zed for the needs of selfflowing systems. This raises the question
if the mechanical properties and application performance of sel-
fleveling castables can be further improved when raw materials
that are optimised for these systems are used.

Key problems the refractory producer and installer face when

a cement bonded selfflowing castable is fabricated and applied
are:

'~ Strong influence of temperature on flow time, setting time and

demolding time

- Differences in plant sites and applications, requiring quite dif-
ferent but controlled placement and demolding times

- Dilatant flow behavior of sellflowing castables complicates
handling and dosing,

— Water demand of selfleveling systems is still considerably hig-
her than for vibration castables

- Strong decrease of mechanical strength and corrosion resi-
stance if over-watering occures

- Variations in cement reactivity influence placement and selling
time strongly

This paper describes a group of newly developed fine materials,
the “Matrix Advantage System™ which consists of Reactive
Alumina, Reactive Alumina/Spinel, Calcium Aluminate Cement
and Dispersing Aluminas. All these materials have been specifi-
cally optimised in particle size distribution, morphology and che-
mistry for the needs of low moisture selfleveling cement bonded
Alumina and Alumina-spinel castables. These materials have
been used in model castables with $% cement. The temperature
influence on placement and selting properties has been investi-
gated. The major mechanical and physical properties, and corro-
sion behavior, of these castables against basic slag are demon-
strated. On selected formulations H.M.O.R. at 1500 °C and
Refractoriness under Load have been analysed.

ain, Germany
Bonn, Germany

2. Raw Materials and Castables

"The established raw materials used are Tabular Alumina T-60
and AR78 and AR90 Alumina-rich Spinels (Tab. 1). The pro-
perties of the new developed raw materials and their specific fun-
ctions are shown in Tab. 2.

The Reactive Alumina CTC 50 and Alumina-Spinel CTC 55
have a quadromodal particle size distribution to achjeve a conti-
nuous curve of particle size distribution in the range below 451m
(Fig. 1a + b) and therefore excellent flowability and high packing
density of the castable.

Tab. 1. Chemical composition of used established raw materials

Tabular Spinel Spinel Reactive | 70% Alumina
Alumina AR S0 ART78 Alumina Cement
T-60 CL370C CA-14 M
ALO, (%] 99,4 89-90 6-71 99,8 721
NEI?O [%]) 0,36 <037 <0.15 0,06 0,19
| a0 (%] 0.05 <025 | <03 0,02 265 |
MgO (%] <0,10 8-10 22-23 0,02 0,09
S0, (%] 0,02 <005 <006 0,03 02 |
Fe,0, [%] <010 <0,10 <010 0,03 O,Hg

Tab. 2. Properties of the components of the new developed Matrix
Advantage System

Type CTC50 CTC55 AD3 1 ADW1 CA-270
Reactive Reactive Dispersing | Dispersing Caleium
Alumina | Aluming Spinell  Alumina Alumina Aluminate
Cement
ALO, (%) 985 905 80,0 500 7274
Na 0 (%] 015 012 015 0,15 0.6
Ca0 (%) 0.03 0,10 20 20 2597
MoO [%] 0,04 8.0490 nd nd 004
Si0, [%] 0,06 0,08 ng. nd 0,14
Fe,0, (%] 0,03 0,04 nd nd 0,10
8,0, (%] = - 0810 0,03 nd
LOL (%] (1050 °C) - = 170 17,0 n.d
BET [mPlg) 40 40 nd nd 1.5
spec surface
-t . e — —
D80-Cilas [um | 15 1.5 24 24 6
090-Cilas [pm | 85 85 65 6.8 48
—_— =t
Key lunctions - ugh matrix refractoriness | - dispersing and reductionof | - hydraulic
water demand bonding
- ceramic bonding - retard - accelerate | - ceramic
setting seting|  boading bonding
- oplimize parlicle packing |- conlrol placement and setting -
at low, ambient and high formation
lemperatures
COmosion - ceramic bonding
resistance [
.
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Fig. 1a. Particle Size Distribution of castables 204 and 214 in compa-
rison to the conventional selfflowing castable T78/90 SF
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Fig. 1b. Particle Size Distribution of the -45pm portion of castable 214,
204

E Cone dimensions 200 - 250 mm ldeal Area

70 mm

80 mm

100 mm

Fla. 2. The selfilow cone 1est

The two dispersing Aluminas, ADS 1 and ADW 1, have bimo-
dal size distributions and contain organic ingredients to improve
dispersion and allow setting characteristics to be controlled. ADS
1 has been specifically designed to improve dispersion and give
controlled retarding properties in a cement bonded system, ADW
I also improves dispersion but offers the option to accelerate the
selling of a cement bonded castable.

Tab. 3a and 3b show the compositions of the tested LC Tabular
Alumina and Tabular Alumina -Spinel selfleveling castables, with
5% cement, using the new Matrix Advantage System. For com-
parison & vibration eastable (Vib. 215) using the Matrix Advanta-
ge System, and a conventional selfflowing castable (T78/90SFE)
were also tested

3. Preparation of test pieces and testing

Allingredients are mixed dry for 1 minute. After water additi-
on mixing is continued for a further 4 minutes. The castable is then
castinto molds without compacting or vibration. The cast test pie-
ces are immediately cured at 32 °C/24h in a climate cabinet (min.
90% relative humidity). Samples which are tested at specific tem-
peratures are also cured at these temperatures. Tab. 4 gives an
overview of specimen size, pre-treatment and test methods.

2

Tab. 3a. Composition of new developed selfleveling LG T

; abular Alumina
and Tabular Alumina-Spinel {15 — 17%) castables

Type Tabular Aluming Tabular Aluming - Spinel Castables |
| castable |

““““\1___ Caslable 204 214 B ?m-_ |

Component T

Tabular Alumina T-60 [%| 8 63 59

Spinel AR T8 (%) - 9 19

Fieactive Alumina CTC 50 %] 17 - -

Alumina/Spinel  CTC 55 [%] 17 i

Cement CA-270 [%] 5 5

Total [%] 100 100 1w

Dispersing ALO, [%)

ADS 1 05 1.5 05 15 15

ADW1 0.5 - 0.5 - -

Mixing waler [%] 40 47 4.2 4.7 47

— - - _

Tab. 3b. Composition of new developed selfleveling LC Tabular Alumina
Spinel castables with > 20% Spinel

Type Tabutar Alumina-Spinel (> 20% Spinei)
Mix 224 225 226 T78/90SF- Vit 215
Tabular Alumina [%] 52 58 58 B0 59
Spinel AR 78 [%)] 26 q 20 15 19
Spinel AR 90 [%] - 11 = 10 -
Reactive Alumina CL B - - 10 -
370C %)
Reactive Alumina/ 17 17 17 - 17
Spinel CTC 55 [%]
Cement [%)
CA-270 5 5 § ] 5
CA-14M - - - 5 -
Total %] 100 100 100 100 100
Dispersing AL0, (%
ADS1 05 05 05 - 1.0
ADW1 05 05 5 - -
Darvan [%] - - > 0,15 2
Citric acid [%] - - - 007 =
Mixing water (%) 42 42 42 58 37

* conventional selfflowing castable ™ vibration castabie

Todetermine the mixing water content of the selllevehng casta-
bles and to determine their flowability, the selfflow-cone test was
used (Fig. 2):

Immediately after wet mixing (4 min) the castable is cast in bat-
ches of about 1 Skg each into metal flow cones (dimensions sce
Fig.2). The self-flow cones are completely (illed.

For the sell-llow test a cane s hfted up after 10 min, 30 min and
60 min and so on after water addition, until no {low is reached. The
castable is termed sell-flowing when it exhibits the ability 1o
spread out evenly on its own without the application ol any external
forces. The mix should flow homogencously and without segreg-
ation of waler or fines at the outer rim. For the 10min. tests a
median flow diameter of 200 - 250mm should be reached (Fig. 2).
After 30min the flow diameter should be at least 190mm. During
the tests it is important to maintain a constant ambient and
caslable temperature, i.e.20 °C. The actual temperature is noted
with the flow test results.

4. Physical properties

Properties of the tested castables are compiled in Tab. 5a = b.



Tab. 4. Used lesl specimen sizes, pre-treatiment and 1est methods

Specimen sze Pre- Measured properties Test mathod
treatment
40x40x160mm cured al permanent inear change (PLC) | DIN 51010resp. 26-28,
32°CR4h | cold modulus of rupture (MOR) | PRE-Recommendation (EN
110G24h | cold crushing strength (CCS) | 1402)
B0 *C/sh | bulk density, apparent porosity
1000 °C/sh | pore size distrbution
1500 %C/5h
1650 °C/5h
25x25x 150mm 1500 *C/sh | hot modulus of rupture DIN 51048, part 1 restp. 18
HMOR) PRE-Recommendation
54364 x 230 mm 110 °Ci24h | refractoniness under kead DIN 51053, part 1 resp. IS0
(RUL) 1833
1500 °C/Sh | thermal shock resistance DIN 51068, part 2 resp. 5,
1650 °C/sh | (air quenching) PRE-Recommendation
h=270mm 1000 °C/5h | Corrosion resistance Induction furnace test,
d=25mm 1650 *C/oh 10000 Hz
8 segments in one Steel: ST37,15kg
crucible Slag: G/52,0 3x1,Dkg
outer diameter = 175mm
 nner diameter = 150 mm

Tab. 5a. Properties of new developed selfleveling LC Tabular Alumina and
Tabular Alumina-Spinel (15 - 17%) castables

Type Pre- Tabular Alumina Tabular Alumina-Spinel (15-17%)
treatment castable castable
Castable 2 214 210"
Mixing water [%] 40 47 42 47 4,7
-
Bulk density by “110°C 320 319 3,16 an 3,06
weighing and 800 °C 317 3,16 309 3,06 3,07
measuring) 1000°C 3,15 3,14 308 3.08 300
[o/emd] 1500°C | 3,12 313 307 3.0 3,09
1650 °C 3,18 3.20 315 310 3,14
Bukdenstyywater | 110°C | 323 | 323 | 318 | 315 | 309
tion) 1500°C | 317 | 317 | 313 | 3 31
[fom 1650°C | 324 | 32 | 317 | 315 | 3
Apparent porosity 110°C "6 1,9 10,0 129 143
[vol. %) 1500°C 169 16,1 16,3 174 17,3
1650°C | 140 14,7 145 153 164
Modulus of rupture s 32 °C 45 40 43 34 1.2
{M.OR) [N/mm?| 1oc | 17,2 145 143 8.4 1.5
800°C 80 1 113 69 53
1000°C 139 88 118 69 55
1500 °C 5.1 52,1 656 446 335
1650°C 55,0 609 69,0 56,2 46,6
Hot modulus of rupture
(HMOR)at 1500°C 1500°C 199 17,1 230 250 131
[N/mm?]
Cold crushing strength | 32°C 26,7 250 35,3 20,0 16,1
([C.C8) [Wmm?) 10°C | 1009 108.0 104,0 17,0 635
800“C 799 1235 1350 94,0 755
1000°C 843 68,5 88.0 62,5 505
1500°C | 3434 259 3291 2356 2101
1650°C | 3595 282.5 49,7 2753 2298
Permanent linear Hoc +0 +0 -0.1 <0 +0
change (PL.C.) %] 800°C | -008 +0 s0 | -006 | -007
1000°C | +001 + 0,02 -0.1 -0,08 -0,08
1500 °C +01 -0.03 -0 -0,10 -0,22
1650 °C -06 -044 -0.5 -037 -0.43

" pre-teatment  ** addition of 0,2% AJOH), +0,2% Al powder

4.1 Permanent linear change of dimension (P.L.C.).

The PL.C. values of all tested castables, after drying and firing
upto 1500 °C,range between +0,1 % except the castable 210 (addi-
tionof0,2% Al(OH), +0,2% Al powder) which has a PL.C.value

Tab. 5b. Properties of new developed selfleveling LC Tabular Alumina-

—  Spinel castables (> 20% Spinel)

Type Pre- Tahular Alumina-Spinel castable (» 205 Spinel)
treatment
Castable 224 225 26 | Vib. 215" | T7am0sF
Moang water %) 42 42 42 37 58
Bulk density by 110°C 3,10 3.08 304 3.10 307
weighing arvd 800°C 3,02 306 301 i 2.94
measurng)
[/em?) 1000 °C 3,06 306 306 3,08 305
1500°C 3.00 308 304 309 3,03
1650°C 3,06 305 307 30 2,99
Bulk density [by 110°C 307 308 306 312 3,03
water absorption) 1500 °C 304 305 303 n 2,88
farem?) 1650 °C 308 3,08 3.08 3,14 293
Apparent porosity 110°C 14,7 140 145 12,5 15,8
[vol. %) 1500 °C 176 183 183 15,7 200
1650 °C 15,7 16,6 162 143 18,8
Modulus of rupture et 32 °C 33 33 42 48 1
MO.R) 1o°c 10,3 10,7 103 158 5
[Nmav] 800 °C 42 8.0 8,8 91 4
1000°C 82 7.0 15 10,1 B
1500 °C 485 495 493 62,0 24
1650 °C 484 55,6 53,5 57,0 26,5
Hot moduius of
rupture (HM.O.R ) at 1500 °C 245 22 253 327 150
1500 °C [N/mm?)
I
Cold crushing o 32 °C 225 204 220 350 6.0
strength (C.C.S) 110°C 725 66,5 66,0 953 350
[Nimm2] 800°C 50,0 68,5 705 121.5 37e
1000 °C 64,0 61,0 61,0 110,0 40,2
1500°C | 2630 2050 2570 3138 130,0
1650°C | 2970 279,0 2840 3318 16,5
Permanent linear 10°C 10 -0,06 10 +0 -0,06
change (PL.C.) (%) 80°C | -0m -0,08 -0,06 -01 -0,07
1000°C | -003 -0.06 +0 +0 0
1500°C | -0,09 -0,06 +0 +0 - 0,06
1650°C | -053 -05 -0,53 -03 -0,53

"ibration Castable
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Fig. 3. Apparent porosity of selected castables

ol =022% at 1500 °C. The firing temperature of 1650 “C resulted
inrelatively low P.L.C. values in the range of 0.4 10 -0.6%

4.2 Bulk density and apparent porosity (Fig. 3)

Bulk density and apparent porosity with the dried and at
1500°C and 1650 °C/Sh fired samples were determined by the
water immersion method. Because of the danger of rehydration.
the apparent porosity cannot be determined by water absorption
with the samples fired at 800 °C and 1000 °C. The results of pore
size distribution by Hg intrusion (see 4.3) show an apparent poro-

sity of the 1000 °C fired samples of 1 -3% higher than the 110°C
dried state.
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Fig. 4a. Pore size distribution of 204, 4,0% H20 at different prefiring
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Fig. 4¢. Pore size distribution of selected castables after 1000 °C pre-
firing

The new developed Tabular Alumina based selfleveling casta-
bles reach, after firing at 1500 °C, 2 not yel reported low apparent
porosily between 16 — 18 vol%, and at a firing temperature of
1650°C, between 14 — 16,5 vol%. The Spinel containing castables
tend to have a higher apparent porosity compared to the pure
Tabular Alumina castables.

4.3 Pore size distribution of castable 204 and 224 after different
pre-firing temperatures (Fig. 4a — ¢)

Fig 4a and 4b characterise the pore size distribution (Hg intru-
sion method), and the development of pore size, on firing up to
1650 °C of the Tabular Alumina castable 204 and the Tabular
Alumina-Spinel castable 214 with low mixing water. Both selfle-
veling castables behave very similar and show, after firing at

4

1000 °C,a very low mean pore diameter of about 02um. E
firing at 1650 °C the pore diamelers stay below 10pm,

Fig.4c compares the pore size distribution after firing at 1000 o
of the new developed selfleveling castables (o the convcnliona-i
sellflow castable T78/90SF, which shows pore sizes above 10pm.
Asexpected the addition of Al powder, as a drying aid, resulys in
poresizes between 1 and 20pum being detected in castable 2 10. The
fine pore structure of the new developed castables gua
high resistance to slag infiltration.

vVenafter
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4.4 Cold modulus of rupture (MOR) and cold crushing strengtly
(CCS) (Fig. Sa-b)

The Fig. 5a and 5b show the development of cold strength from
the cured state up to firing to 1650 °C. Compared to the conven-
tional selfflow castable, T78/90SF, the cold strengths are signifj-
cantly higher with the new selfleveling castables. Only a slight
decrease instrength after firing at 1000 °C is observed. A fter firing
at 1500 °C, and especially at 1650 °C,exceptionally high strengths
are achieved. Cold crushing strength reaches above 300 N/mm?,
and modulus of rupture above 60 N/mm?.

4.5 H.M.O.R. of selected castables at 1500 °C (Fig. 6a+06b)

The Hot Modulus of Rupture was measured on test picces pre-
fired at 1500 °C/Sh with a soaking time of 1h before testing. The
results are shown in Fig. 6a. Compared to the conventional
selfflow castable, and to the H.M.O.R. values published in (1), a
remarkable increase of hot strength can be stated. The highest
H.M.O.R.value of32.7 N/mm, is reached with the vibration casta-
ble 215 with mixing water of 3,7%. In case of castable 210 when
Al-powder was used, the higher porosity leads to lower H M.O.R .
Fig. 6b shows the relationship between apparent porosity of the
1500°Cprefired test pieces and their H-.M.O.R.at 1500°C. A Tabu-
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lar Alumina-Spinel castable develops a higher hot strength than
the pure Tabular Alumina castable with the same apparent poro-
sity. The use of the new developed functional raw materials allow
a low mixing water amount, a decreased porosity and an optimi-
sed matrix design, which results in high strength values.

4.6. Refractoriness under Load (RulL) (Fig.7)

Fig. 7 shows as an example the RuL behavior of the new deve-
loped selfleveling castable 214. Though the amount of fines in the
sclfleveling mixes are higher, the RuL curves are similar to the
conventional SiO,-free castables described in (1). The testing of
unfired material gives an indication of changes in the material on
first heating or (sintering, formation of CA). After pre-firing at
1500 °C the RuL curve shows a further small reaction over 1500 °C
causing a slight expansion. After pre-firing at 1650 °C the materi-

Tab. 6. Thermal Shock Resistance of selecled castables

Castable pre-ficing cycles loss ol senic veloeiy (%) ]
temperalure ait quenching alter b cycles after 10 cyclos
20447 1000 °C > 10 49 T
204-40 > 10 47 52
214-42 >10 45 52
20447 1500 °C 34 ]
204-40 2
216-4,6 1650 °C 24 N

al is fully reacted and sintered showing an excellent refracton
ess under load up to 1700 °C.

4.7 Thermal shock resistance

The air quenching method, according to DIN 51 068, was used
to characterise (in a practical manner) the resistance to thermal
shock of the new developed selfleveling castable (Tab. 6). 1 pre-
fired at 1000 °C, a temperature to which for instance monolithic
lined ladles are pre-heated, the selfleveling castables show a good
thermal shock resistance with > 10 cycles. When firing at highe;
lemperatures it is clear, that as a result of the formation of a low
porosily, corrosion resistant structure the thermal shock resi
stance can only be low.

4.8 Corrosion resistance

The new selfleveling castables 224 (#2 in Fig. 8), 225 (# 3) and
226 (# 4) where tested, together with the conventional selfflowing
castable T78/90SF (#1), in an induction furnace at 1650 °C for 6h
using a basic slag (Fe- and Mn-rich, C/S=2.0) and steel ST 37. In
castable 224 the lowest corrosion depth of only 8 mm was found,
compared to 10 mm of the other materials. All castables showed
almost no penetration. The corrosion mechanism in case of the
used slag is obvious dominated by chemical dissolution.

5. Placement properties

For evaluating the placement properties of the newly develo-
ped selfleveling castables the following characteristics have been
determined:

- Mowability as a function of time at different temperatures (flow
cone test)

- curing strength development as a function of time and curing
lemperature

— exothermic reaction of the castable during curing as funiction ¢l
curing temperature

Tosimulate different seasonal and regional conditions, the tests
were conducted at 7 °C, 15 °C, 20 °C and 35 °C.

S

Fig. 8: Corrosion resistance of the spind-rich selfleveling castables
224 (2), 225 (3) and 226 (4) compared to the conventional selfflowing
castable T78/90 SF (1)
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Fig. 9. Exothermic test

Test description:

For all testing, Skg batches dry mixed for 1 min and wet mixed
for 4 minutes were used. The batch is separated into 2 parts and
putin plastic containers. One container for the exothermie reac-
tion and one for the self flow test,

The exothermic reaction test:

The castable is cast into a container without compacting or
vibration. A sensitive thermocouple (type ) is put into the casta-
ble and corinected to a measurement device. The castable is cover-

ed to prevent drying. The temperature of the mix is measured as
function of time until complete hydration.

The self flow cone test: As deseribed in Fig. 2, chapter 3
Testing at different temperatures:

The tests performed by 20 °C were done in a lab with an ambient
temperature of 20 °C + 1 °C. For the other temperatures a cli-
male cabinet, which contained all required materials and test
equipment, was used. Mixing was done outside the climate cabi-
net, with temperature adjusted equipment, in addition the self
flowtests at the different measurement times were performed out-
side the cabinel. For the self flow test a temperature adjusted lem
thick metal plate was used which allows a consistent temperature
during the flow test to be maintained. After each measurement
the castable and the necessary equipment are put back in the cli-
mate cabinel to ensure that the constant temperature is maintai-
ned. For all testing the flow is followed until a condition of no flow
1s observed.

The two diagrams in Fig. 9 graphically depict the measured exo-
thermic reaction curves. There are 3 principle areas of tempera-
ture changes.

As a result of the mixing energy, the temperature rises in the
beginning (indicated as A in Fig.9),after mixing stops the lempe-
ratlure returns Lo the ambient temperature. After a period of rela-
tive temperature stability there is a small temperature increase,
indicating an exothermic reaction (1 in Fig. 9). The time this first
lemperature increase occurs correlates directly with the end of
selfflowability of the castable. The mix becomes stiff but daes not
have any demolding strength. A third area of temperature increa-
se (point 2 in Fig. 9) results from {ull cement hydration and indi-
cates the time when the castable develops mechanical strength.
The time at which the maximum temperature is reached is recor-
ded as 1‘I'max'

The compositions 204 (Tabular Alumina) and 214 (Tabular
Alumina-Spinel) (see Tab. 3a) were selected (o study the effect of
the dispersing Aluminas, ADS 1 and ADW 1,and the influence of
different placement temperatures and water content on selfflo-

wing time and hardening, Some selected characteristic results are
shown.

6

Tab. 7a. Flowability of castables 204 and 214 at diffe

remt lr_-rn;,n':ralums

Castable 204 214 :
Testlemp_["(T 7 i ')O_--__.ﬂ | 7 ] _Zﬁ_mi 35? ]
ADS 1 [%) 0o | os 1.0 o | ws | 15
ADW 1 (%) 10 | 05 | o | 10 | 05 | o
Mixing H,0(%] | 4.2 a2 | a2 | 42 | 42 | a2
Flow diametecafted 217 | 243 | 245 | 190 | 230 | 220
10 min {cm)|
f 30 min [efn] 21,4 245 23,0 19,7 227 720_1.7
60 min [cm)] 211 23,5 | f_lﬂ ﬂc;w_ ) 18,7 22,? no flo\:
S0 min [cm) 20,7 | noflow i 85 | no fow|
120 mi fem) 21.0 s | B
150 min [cm) no flow no flow T 1
Exo curve A
first reaction [min) | 223 72 51 241 83 a6
Timeof ty, [min] | 622 | 204 | 161 | 636 | 269 | 314
1) All test species cured at the test temperatures
Tab. 7b. Early strength development during curing at different
temperature levels of castables 204, 214 and 224
Castable 214 | 214 | 214 | 214 | 214 | 204 | 204 | 204 | 204
H20 (%] 47 | a7 | 47 | a1 | a2 | 42 | d2 | 42 | 42
Temp. [oc) 7 15 20 35 35 20 20 35 20
ADS 1[%] 0 05 05 1.0 10 05 1,0 1,0 05 §
AOW1 [%) 1w0los|os| o ofos| ol ofos
CES [N/mm?)
3h nd | nd | nd nd | nd 56 0 nd | nd
4h nd | nd | nd | nd nd 94 0 nd 13
6h 63 56 106 [ 156 231 | 156 | 25 | 294 | 97
12h 200 | 206 | 168 | 150 | 288 | 225 | 103 | 306 | 156
24h 288 | 294 | 188 | 244 | 318 | 25| nd | 325 | nd
CMOR [N/mm?)
3h nd. | nd | nd nd. | nd 09 0 n.d n d—
4h nd | nd | nd | nd | nd 1.8 0 nd. | 06
6t o5 | os | 12| 6] 3332 o [ss]| 12]
12h 42 33 28 2.1 42 47 0 6.1 38
24dh 56 47 34 28 572 47 0 6,1 nd

5.1 Temperature influence on castable flowability time and
curing strength development

[n Tab. 7a the flowability of castables 204 and 214 at 7 °C. 20 °C
and 35 °C are shown. To adjust the castable to the different tem-
peratures, different addition of ADS 1 and ADW 1 have been used
asindicated in the table. Both castables show,even at 35 °C. 30 nun
of consistent high sellflowability. Al 7 °C llowability is achieved
lor 120 min.The development of the cured strength of castable 214
(Tab.7b) clearly indicates that even at 7 °C placement and curing
temperature setting 1snot delayed considerably. The results of the
exotherm test with castable 204 are shown in Fig. 10.

5.2 Flowability as a function of the mixing water content
Tab. 8 lists the selfflowability of castable 204, Where 4,2 % water

seems (o be the optimum addition,4,7% water can be considered
as maximum, 4,0% waler is the minimum for obtaining accepta-
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Fig. 10. Exotherm test at 7 °C, 20 °C and 35 °C of castable 204 with
mixing water of 4,2%

ble selfflow properties. The result of the exotherm test (Fig. 11)
indicates only little influence of the mixing water on setling time.

5.3 Control of the flowability time

In Fig. 12 and Tab. 9, the influence of different concentrations
of ADS 1 and ADW 1 is demonstrated. By a slight change of the
ADS 1/ ADW 1 component by 0,25%, the flowability can either
be extended from 60 to 90 min or reduced to 30 min

5.4 Influence of Microsilica

To investigate if the addition of superfine particles like Micro-
silica can further reduce H,0O demand and increase flowability,
1% and 2% of Microsilica was added to castable 204. Surprisingly
iwas found that Microsilica not only decreased the flowability in
the investigated castables but destroyed selfflow totally when
added in a concentration of 2%. Even 1% reduced selfflow from
24310 19,5 cm (Tab. 10). Furthermore the exothermic reaction of
the castable was delayed substantially when 2% Microsilica (Fig.

13), in combination with 1% ADS 1 is used in castable 204, was
added,

Temperature ["C]

it T 0N ADS T S A AN e ) TS DA OBNOALY T O S% AD TN 0D
i
+ & P04 OANADS 10BN ADW T 4 0% 10
ol "
'] L 120 "wa 240

v 0
Time [min]

Fig. 11. Influgnce of mixing water content on exothermic test curve

5.5 Influence of cement reactivity

Y different lots of cement have been tested in castable 204 on
[lowability and exothermic reactivity (Tab. 11). The tested cement
lots varied when tested in age between 1 day after production (lot
8.9) and 6 months (lot 1). The results show a very high consisten-
cy in sellflowing varying only between 242 - 25 em after 10 min
and 23 - 25 em after 30 min. The time necessary to reach the maxi-
mum temperature in the exotherm test varies between 150 and
204 min, which indicates a consistent and reproducable setting
behavior of all lots.

Tab. 8. Flowability and mixing water content of castable 204

Castable 204

Test temp. [°C] 20

ADS 1[%] 0.5

ADW 1 [%) 0.5

H20 (%] 4.7 4,2 4,0 3.7
Flow diameter after 28,5 243 20,0 no flow
10 min [em)

30 min [cm] 28,0 245 20,5

60 min [cm] 272 23,5 19,8

80 min [cm)] no ﬂow7 no flow | _r;j I_low

Tab. 9. Flowability and concentration of the dispersing alumina 5

Castable 204

Testtemp, [°C] 20 |

ADS 1 (%] 0.5 025 1 075 |

ADW 1 /0] 0.5 0.75 025
HO[%] T 47 a1

Flow dian@r after 28,5 29.0 3047 ]

10:min [cm)

30 min [cm) 28.0 28,0 29,0

45 min [em) - no flow -

I

60 min [cm] 27.2 ‘__2_9_5___

90 min [cm) no flow 27,0

120 min [cm) —w_

Urma [MiN] 186 122 _H_r__35_5r_
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Fig. 12. Influence of different concentration of dispersing aluminas on
exothermic test curve
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Fig. 13. Influence of microsilica on the exothermic reactions

6. Conclusion

The newly developed Matrix Advantage System allows the
development of Microsilica-free low cement Tabular Alumina and
low cement Tabular Alumina-Spinel castables requiring only 4,0
- 4,2% water additions to achieve full selfleveling performance.
This compares with conventional low cement castables which
need typically 5,7 — 5,9% for selfleveling, representing a water
reduction of almost 30%. This decrease in mixing water resulls in
low open porosity and exceptional mechanical strength in both
dried and fired samples. Again it was proven that the addition of
alumina-rich Spinel significantly increases the HM.O.R. af
' 1500°C. Strength values over 20 N/mm? up to 33 N/mm? can be
easily achieved.

More remarkable is the good high-temperature-volume-stabi-
lity of the developed castables, despite their high content of fine
and superfine particles. Even at 1650 °C a firing shrinkage of only
0,4 t0 0,6% has been observed.

[thas been demonstrated that the new Matrix System is also sui-
table for vibration castables. Even a higher hotstrength and lower
porosity than in selfleveling castables can be achieved.

The specific properties of the dispersing Aluminas ADS 1 and
ADW 1 allows the controlled adjustment of flowability and
demolding time to meet the different requirements resulting from
different climate, applications and equipment. This enables the
refractory producer to fine tune his castables to the various needs.

Tab. 10. Influence of Microsilica on flowability

— T =
Caslable 204
Test temp. [°C] 20 T
ADS 1 [%] 0,5 0.5 T
ADW 1 (%] 0.5 0.5 ]
Microsilica [%] 0 1.0 2.0

| —
HZO (%] 4.2 4,2 4.2
Flow diameter after 24,3 19,5 No flow |
10 min [cm)]
30 min [cm] 24.5 205 }

consistency

60 min [cm)] 235 19,5 is wet, but
30 min [cm] no flow no flow T
U (] 204 207 831 J

Tab. 11. Flowability and reactivity of castable 204 with different cemant
lots

Castable 204 —‘
Test temp. [C] 20 ]
Cementlot tl 2| 3| a]s[s6] 7] 6] s
ADS 1 (%] 05 | 05 | o5 | 05| 05| 05| 05| 05 | os
AOWIH | 05 | o5 | 05| 05| 05| 05| 05| 05 | 05 |
H20 [%)] 42 472 42 42 42 4.2 42 42 42
Flow diameter 243 | 250 | 243 | 247 250 | 243 | 242 | 248 | 243
10 min [cm]
30 min [cm] 245 | 240 | 250 | 246 | 245 | 245 240 | 230 | 238
i{)mm [em] 235 [noflow| 14,5 |no flow| no flow| no flow| ne flow| na flow| o flow
90 min fem] no flow no flow
Ui [min] 204 151 172 171 169 177 193 152 150
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