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ABSTRACT

The alumina-magnesia castables, in order to be ase
precast material for the steel industry in appi@# such as
well blocks, RH snorkels and impact pads, mushdtsome
specifications: fast development of mechanicalstasice in
a green state and high slaking resistance. Basethisn

Two different binders were used: 70% calcium ahate
cement (C) and a hydratable alumina (HA).

Two magnesia sinter types with different grainesiz
distribution were considered: magnesia under 75 (Mh
and magnesia under 300 um (U). The amount of cewrent
hydratable alumina plus magnesia was kept at 12%.

assumption, a product was developed to attend these Three additive package (I, Il, and Ill) were comgzhin

specifications (6% cement and 6% fine magnesiajvéver,

all compositions with cement-based formulations.r Fo

this same product showed problems due to crackexr aft compositions with hydratable alumina, only additive

drying even though the performance was very good.

After an investigation considering the main valésb
(process and product) a new product was develoid ut
the problems mentioned before. This new product hesed
on a combination of cement or hydratable alumiregrse
magnesia and an appropriate additive package. ysters
with hydratable alumina has the advantage of pteggm
higher GCCS in the first 24 hs of curing.

INTRODUCTION

package Il was used.

Each composition was named by the binder cont@mir (
HA) followed by the magnesia content, type andatiditive
package used. For example, the 6HA/6M-II compasitias
6% hydratable alumina, 6% fine magnesia with adéliti
package number II.

Table I. Castable compositions
0C12M | 3CAM | 6C/6M | 3HAOM | 6HAGM
0CAM2U | 3CHU | 6CEU | JHASU | 6HAGU

Alumina-magnesia low cement castables have beeFusedAl203 &1 g1 g1 g1 g1

widely used as precast blocks in Brazil, mainhste=! ladle
well blocks and snorkel degasser. The success edeth
products is related to their less slag corrosi@ss |slag
infiltration and reasonable performance against gexy
cleaning when compared to high alumina and alurapiael
based products. The relative lower cost of magresier in
comparison with spinel has also to be considered.

At the beginning of the production of precast slsapith
alumina-magnesia castables in our company, finene&g
was used. Although the green strength and perfarenamas
considered very good, it was very difficult to ddish a
defect-free production of such material, due to drecking

React. AZO3 B =) B B =)
CAC 0 3 B 0 0
0 0 0 3 5}
WA Mg 12 9 B g 53
Microsilica 1 1 1 1 1
AP 025 0.25 0.25 025 0.25

The flow decay of all compositions was measurea in
vibratory table for 15 sec just after mixing andaahfter 30
min.

The cold crushing strength of the green sampl€30&)
were evaluated with the curing time (6, 12, 24,an? 168

phenomenon during drying-out step in the productionhs) and they are the average of three samples.

process. Since 2006 we have changed the magnesia gr

The hydration test was carried out in an autoclave

size and the additive package. This has completelfT=152°C with 3 hs of soaking time) after curing. A

eliminated the cracking phenomenon during the dpgnt

step, although the mechanical resistance after 24ish
relatively low requiring careful handling. In ordeo

improve the earlier green strength studies havegbdoing

with hydratable alumina.

The main objective of the present work was to wpr
the mechanical strength within the first 24 hs tugdging the
effect of the binder type (cement x hydratable aha)y the
magnesia particle size (fine x coarse) and the tizddi
package type. For this purpose, the binder and esgn
content was changed keeping their total amountfixe

EXPERIMENTAL PROCEDURE

The alumina-magnesia castable compositions selléate
this investigation are listed in Table I. The tapig size was
8 mm. Microsilica at a level of 1% was added to arde

magnesia hydration resistance. All formulations ewer

designed as a vibratable castable.

hydration resistance index (HR) was establishedrdter to
rank the compositions regarding their slaking terwge This
index was measured in hours and it means that #fter
time there was no more damage by hydration. Thep&asm
were evaluated by means of visual analysis, exatggr
permanent linear change (PLC), and a very low CCS.

Samples made by using only the matrix of the oaifie
compositions shown in Table Il were also preparedrder
to measure the exothermic profile. The solid toewattio
was adjusted to produce a paste.

Table Il. Matrix compositions for exothermic prefil
0C12M | 3CAM | 6C6M | 3HASM | 6HAGM
0CH2U | 3CHOU | 6CHEU | 3HAAU | 6HA/GU

React. A2O3 32 32 32 32 32
CAC 0 16 32 0 0
H A 0 0 0 16 32
WA Mg F4 480 320 48 32
Microsilica 4 4 4 4 4

AP [0 LA [Nl Il Il




RESULTSAND DISCUSSION The additives tested here, developed for cemes¢da
compositions, did not affect the GCCS evolutiommagh as

Flow results the magnesia particle size.

Considering the flowability of the compositions, Compositions with 12% of fine magnesia were dardage
immediately after mixing it's worth to mention that by the hydration test up to 12 hs of curing. Afg&r hs of
a) AP-l required higher water content presentindnigh curing, compositions with AP-I and AP-II did notcst any
initial flow independent to the magnesia partidlees damage by hydration. The formulation with AP-Illdafine

b) AP-Il tended to require a lower amount of cagtimater =~ magnesia was damaged independently of the curing. ti
compared to the AP-I. The initial flow for the cear For compositions with coarse magnesia no damage was
magnesia was higher than the one with fine magnesia observed from 72 hs of curing. These results indithat
c) AP-lll appears to be the best one for the dfifedevels of  compositions with fine magnesia develop a fasteirdwon
cement. In all cases, even with the lower percentafj resistance than compositions with coarse magnesia.
water, the best flow was obtained with fine magnesiP-
Ill, contrary to the other AP’s, had some effect the Compositionswith 3% cement and 9% magnesia
magnesia particles since there was a big differeicthe The results for the formulations with 3% cemerd 8f%
flow for fine and the coarse magnesia. The flow formagnesia are presented in Table IV.
compositions with fine magnesia was higher than dhe
with coarse magnesia, in opposition to what it wiobe  Table IV. Effect of the AP type on the castablepanties
expected since fine magnesia particles disturb miwdlow  with 3% cement and 9% magnesia.
and setting behavior.

3CAM | 3COM-IL 3CH9M-I

Compositionswith 12% magnesia WWater(%] 58 51 45
The results for the formulations without cemerd 48% Sl L5 LE i
magnesia are presented in Table Ill. The GCCShieffine gg‘gg% : 155§ 1223 1253
magnesia compositions were very low (under 4.0 Mpatp GeeE 12 h 5E I i0
24 hs of curing. After this time a sharp increakthe GCCS GeCS 24 b 184 53 "B
was observed. In the case of the coarse magnesia, n GCOS 72 h 248 74 196
reasonable GCCS was observed even, after sevenoflays GCCS1E8h 314 118 286
curing. HR (h) z12 212 212

This kind of behavior was expected since the fine 3CU1 | 3CAUN | 3Caudn
Water(%) 5.5 45 4.4

magnesia is more reactive than the coarse magnEk@&.

fine magnesia is probably reacting with silica démaning a E:EK gD' lii Hg 1‘31;
MSH bond phase Because of the low specific surface area GCOSE h 07 09 0s
of the oxides used here (SSA fine magnesia ~ f[@)mt’s GLCS 12 h 12 11 0a
believed that hydrotalcite is not being formed &ussed GCCS 24 h 6.7 37 18
elsewher&? The results suggest that an even finer magnesia GCCS72h 126 112 33
grain would develop a higher final GCCS in a shotii@e. GCCS1BEh 180 120 7B
The exothermic profile did not show any peak uffll hs Al i i e

which agrees with the low GCCS. Unfortunately, the
exothermic profile test was interrupted before asiule
increase of the GCCS development.

Replacing 3% of fine magnesia by cement with Adhdl
Il promotes an earlier strength development fokowby a
higher GCCS after 7 days of curing. In the caseABfll
with 3% cement, the same behavior of the 12% magnes
was observed, i.e the GCCS, after 7 days, was amntathn
the others. For the coarse magnesia, the addifi@%w of

Table Ill. Green cold crushing strength evolutioithwtime
for 12% magnesia compositions.

0C 1201 0CAZM DCAZIAN cement had a remarkable effect on the GCCS evalitio
Water(%) 56 51 15 AP I and Il and a smaller effect for AP-III.
Flaw 0' 160 130 190 Comparing the compositions with 3% cement, thel AP-
Flow 30 132 144 148 promoted an earlier GCCS development for both, &ind
gggg ?;h 1? 1& H coarse magnesia. Using fine magnesia a GCCS of R& M
GCCE 24 h 15 53 35 was reached in 24 hs of curing while using coaragmasia
GCCS72h a7 (] 12.2 the same GCCS level was reached only after 7 déays o
GCCS16EBh 200 156 238 curing. These results suggest that AP-I1 would leebibst in
HR (h) o e B e Sl terms of the strength development for both magnsgias
0C/ 12U 0C/H2U1 0C/12U-1 : . -
Water ) ] 15 a4 (table I_V). The AP-lll with the fine magnesia smjt
Flaw O 159 152 131 developing a reasonable strength after 24 hs atid the
Flow 30° 133 118 112 coarse magnesia, even after 7 days of curing th€$s@as
GCC3 6 h 0.5 0.5 0.2 the lowest among the compositions (7.6 MPa). ThellAP
clnos Pl s = = had similar behavior for both types of magnesia and
GCCS 24 h 15 1.1 0.8 : .
GOeS T3 h 57 K 53 reasonable GCCS was achieved only after 3 daysiraige
GCCS 168 h 249 43 17 It seems that AP-Il has less effect on GCCS deveéop
HR: (h 272 272 272 independent to the magnesia particle size, at \gdbkin 7

days of curing. Maybe, for longer curing time, iobwld be



possible to observe different behaviors dependingtt®e  observed for the compositions with coarse magrersiAP-
magnesia particle size. These facts were in agneewi¢h I (6C/6U-I).

the temperature profile of the matrixes (figure The

strongest peaks for fine magnesia were observeu ARt-| Table V. Effect of the AP type on the castable prtips
and AP-IIl. The AP-I developed a higher GCCS eatlmn  with 6% cement and 6% magnesia.

the AP-IIl. Therefore, in the exothermic profiletpeak for

AP-| was formed first, and the peak for AP-IlI foethlatter. 6C/6M1 | 6C/HEM-II | 6C/EMAINI
The GCCS for the compositions with 3% cement were Water(%) a7 5.2 4.5
Flow 0 172 180 210

not only dependent to the magnesia particle sizalso had

shown some dependence to the AP which emphasiaes th EIE‘ESSDE h 1;? 1165 1153
magnesia-cement-silica-additives interaction typeghin GCCS 12 h 198 34 oT
determine the behavior of the system. GOCS 24 h 415 44 250
GCCS 72 h 550 1.7 459
= GCCS 168 h 4.3 16.6 519
Y | HR () 26 =12 26
3C/OMHII GCBUl  6CHEU-N 6CHBU-IN
= e | Water(%) 55 48 1.4
o —3C/U-Il Flow 0 180 165 162
s A Flowe 30° 142 130 127
g GCCSEh 35 10 00
éza / \ GCCS 12 h 47 04 07
e — ~ GCCS 24 h 6.7 28 1.5
A_ﬁ_e'_,i,,/ Wm\_(. GCCS 72 h 190 g.4 15.3
2 E = SCCS168h| 258 10.2 226
» ;f HR (h) 212 212 =12
® 0 300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 3900 4200 50 -
Time (min) ecem
Fig. 1. Exothermic profile of matrix compositionaded on a EEE?:':'
castables with 3% cement and 9% magnesia. — s
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Compositions with 3% cement were damaged by the
hydration test up to 6 hs independently of the ARl a
magnesia size. With 12 hs of curing only composgiof
coarse magnesia were damaged by the hydrationRest.
coarse magnesia no damage by hydration was obsaftexd
24 hs (AP-l and Ill) and after 72 hs (AP-Il). Again
compositions with fine magnesia have developed ghdri 2
hydration resistance in a shorter time. Sy o 00 %0 3

35

Temperature (T)

Fig. 2. Exothermic profile of matrix compositionaded on

Compositions with 6% cement and 6% magnesia castables with 6% CAC and 6% magnesia.

The results for the formulations with 6% cemerd &fo
magnesia are presented in Table V.

The formulations with 6% cement presented earlier
strength development and higher final GCCS when
compared to the latter compositions, except whémguaP-

1. In this case the improvement observed was gegll.

Compositions with fine and AP-I developed a reatda
resistance with 12 hs. The same system with Alellched
the same level of resistance after 24 hs. In généra
GCCS was more dependent to the magnesia particée si
than to the AP.

On the other hand, with AP-II, the magnesia pkrtsize
had minor importance, at least up to 7 days ofnguriAs
mentioned before, it is expected that, for longeing times,
AP-Il could be more sensitive to the magnesia plarsize.
AP-ll seems to work as a stronger retarder of thment
hydration and, in order to notice, a higher GCCSulddoe

necessary cure the compositions longer than 7 days but this is not in agreement to the experimentsilis.

mcr_?r?se ;fhe tcu][l_ng temperatttrgjre. i tent frota 8% The GCCS increases with time and cement content as
be € e'(I: 0 |tncdrea5|{1hg € iﬁmen_ con feln r_oB F °  would be expected for AP-I and AP-IIl. For the fie& hs
can be easily noted on the exothermic profile, righ. For the cement content followed by the additive typensgto be

example, composition 6C/6M-l, compared to the - ; ; -
composition 3C/9M-I, presented a higher peak teatpes tmhggrr:}?us(;e|r]:rc1)pr)?rr]t:1rgcvggable inorder to achieve ezt
I .

and positioned towards a shorter time. The same wa

Regarding the autoclave test, in the first 6 hk al
compositions with 6% cement were damaged, except fo
compositions 6C/6M-1 and 6C/6M-IIl. Twelve hours of
curing was enough to enhance the hydration resistéor
the coarse magnesia compositions. Compared to the
compositions with 0% and 3% cement, 6% cement ptesno
a faster hydration resistance development.

As observed elsewherand confirmed here, there was
no direct relation between the GCCS and the slaking
resistance of the compositions. Compositions wiihe f
magnesia developed a fast slaking resistance cahpar
the one with coarse magnesia, in opposite to wivichid be
expected. It's worth to mention that as microsilmantent
was fixed at 1%, the availability of microsilicarfthe coarse
magnesia grains would be higher and, thereforeigheh
slaking resistance for the coarse particles woel@xpected



In the case of AP-Il, during the whole curing tintkee
amount of cement and the magnesia particle sizendid

The hydration resistance of the compositions \iitie
magnesia was higher with HA than with cement. As

show a significant effect on the GCCS. Comparing th observed with cement based compositions, increasiag
compositions with no cement and different additive binder content and using fine magnesia gives bétiier

packages there was no big difference of the fin@ICGS.
However, introducing cement to the system, thel i3@Ccs
was strongly dependent on the AP. This result miggat
related to the stronger retarder effect of AP-Iltbe cement
hydration.

Compositionswith Hydratable Alumina (HA)
The results for the formulations with hydratablienaina
instead of cement with AP-II are presented in TaHleThe

index.

CONCLUSIONS

The composition 6C/6M-I could be considered thstbe
one in terms of GCCS evolution and hydration rasise.
Curiously, the product based on this formulations vhae
worst in an industrial point of view, since a langember of
pieces would present cracks after being dried. l@nather
hand, the product based on composition 6C/6U-Il has

GCCS development for HA compared to the cementpresented a modest GCCS evolution and its mecHanica

compositions with 3% and 6% of binder reveals ariera
evolution and a higher final GCCS for the HA systehs

resistance was lower than the 6C/6M-1 compositidespite
of these properties the product based on this ceitipo has

discussed by Ahari etalthe presence of MgO appears to been produced since 2006 and no cracks have beenved

accelerate alumina hydration due to the formatidnao
hydrotalcite-type hydrate. It's also known that mesgja
accelerates the cement hydrafitn

As the final GCCS was higher for the HA composifio
than for the cement ones, this might suggest tregmesia
has a stronger effect on the hydration of the H&/anAP-I|
has a selective retarder effect on cement basegasitions.

The final GCCS and

size. The higher HA content with fine magnesia gawe
highest final GCCS while the low HA content withacse

Parallel to the development of the system with ex@m
and coarse magnesia, studies with hydratable aluiméve
been done in order to enhance GCCS and, at the thame
to keep the absence of cracks after drying. Temie fbeen
initiated with formulation 6HA/6U-1I with very good
performance results at the customers and a fred-cra
production so far. The higher GCCS for the last position

the GCCS evolution were has also avoided some handling problems observethéo
dependent to the HA content and to the magnesitcigar

6C/6U-Il in the first 24 hs.
In general, the hydration behavior was dependeihe
curing time, additive package and magnesia partide. It

magnesia gave the lowest final GCCS. The exothermiseems that when increasing the binder contente tivas an

profile for the HA compositions, figure 3, confirrhis
behavior. The strongest peak was the one for

increase of the slaking resistance for shorterngutimes.

théHowever, for these compositions, increasing the exegnor

composition 6A/6M and the weakest peak was for thehydratable alumina content means a reduction of the

composition 3A/9U.

Table VI. Compositions based on hydratable alunand
AP-I1.
3HASM-I 3HAQU-I 6HABM-II 6HAGU-I

VWater(%a) B 50 B.1 55
Flow 0" 193 141 168 148
Flow 30" 163 117 145 134
GCCSE h 5.4 1.7 96 36
GCCS 12 h B8 1.7 11.2 36
GCCS 24 h 7.7 25 18.3 3.2
GCCS72h | 161 11.1 23 218
GCCS1EBh 224 213 115 271
HR (h) =B =72 5 =12

— 6HA/6U-II

—— BHA/6M-II

3HA/QU-II

1A
1

3HA/OM-II

Temperature ()

1200 1500 1800 2100 2400 2700 3000 3300 3600
Time (min)

Fig. 3 Exothermic profile of matrix compositionssiea on
HA system.
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magnesia amount which might explain part of thisaéor.

Therefore, the crack phenomenon observed aftangiry
the pieces appears not to bedirectly related t@36ES and
the hydration resistance, but might have other more
important factors that is not being considered.
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