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ALOE FHRoR 3= Low-Cement-Castable(LCC)d] &4 o-Fu}, Zr(, ALTIOs, ALON(SAIN-9ALO;),
SipNy 2 SiCE-s] tlakgt *Pﬁr 2wl AEE A5 FAAE microfiller AEEteadd. 2 AaElE e 38 B4
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A2 22 muerofiller 2b4ts] SA4e] LCCH] Abe S o)A o g delR i vehd BASS &
B A e “Microsilica™) 3 LCCS mlmsbgiv}, &4 2ol ZrQ, ¥ ALONGAIN-9ALO,) 3 ‘?r LCC+=
gl gA Aelgt Ff Al v]awshe] 1000T °VJ'°H/']3] 4 7= (HMOR)7F 9831 weken, sh5<d 87 5(soft-
ning behaviowr under load) W WudSH 4z $opsban), ALTIOE microfiller® 5% gk A-e}8e 2%
A Zn|Fol] Ha HaHn]) gagieh

ABSTRACT

Several axide (ZrQs, ALTIOs reactive AlOs) and nonoxide (SiC, SN, “ALON" (BAIN-9ALQ4)) additives
were used as a microfiller for alumina hased LCC (Low-Cement-Castable). High temperalure properties (HMOR,
softening under load) and the phase changes of developed LCC on various sintering temperatures were exami-
ned. In addition, thermal shock test and corrosion test were accomplished. Based on these data the effects
of each micrefiller on the properties of LCC were estabhshed comparing 1o those of the commercial LCC
with amorphous silica as a microfiller. The castables, contaiming reactive alummea, ZrO, and “"ALON" {GAIN-
9A%09) as a [irst portion, exhibited considerably higher HMOR-values over 1000T, better creep behaviour,
and thermal shock resistance than those of castables with amorphous silica. The LCC with 5% ALT1O; showed
no corrosion against molten aluminum.
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Table 1. Chemical Compositions of Raw Materials
Coziif;:t}‘on 22:;; SIC | ALO; | Si0; | Fes0y| CaO | N2O |MgO| TiO: | Z:0 | Remarks
Aluminum oxynitride | 99.50 - — .05 | 0.03 — 0.35 - - - N=5.00
Aluminum titanate - — | 5380 | 790 | 020 | 005 | 020 | 210 | 3275 3.00
96.93
Zirconium oxide - - 0,07 | 018 | 006 | 009 313 019
(+HfOy)
Amorphous silica - - 021 9900 010 | 020 | 012 | 012 | <0.0] —
Reactlive alumina - - 9950 | 003 | 004 | 003 | 0.20 [ 0.20 —
Tabular alumma - - 9950 [ 0.06 | 0.05 — 0.20 — - —
Alumina cement — — |80~81| 010 - |18~19| -— - —
Silicon carbide - 93.50 - 2.0 - 0.08 C=2975
Silicon nitride N=37.51, 0=082
2 T de A oheds] sl 4SS Ao o Table 2. Batch Compositions of Castables (Part)

fd o2 H e e g W HEe] z ER2
S, A AHA R Eefll A oferlA] Held BAem
L AL E(ALTIO; ZrQy, reactive ALOS)
7} SiC, SigNy 2 “ALON"(BAIN-9ALOy ¢ LCCY mic-
rofiller 245 HgA Q3§ T} Eg Aule
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2. AU
2.1, AERR
FEA 2 APARE 2A@YTFoIe ndFet A

E{"Secar 80" /Lafarge Fondu Inlernational, France)
74 AMRE[O]FH 7, Bl Mo pm ofE) g = 4o oA
2] #H" Microsilica” /ELKEM, Norway) = 241 «f3n)
VAL /Alcoa, USAY #]el] ALTIOS("ATMS3" /Dynarmut
Nobel, Germany), ZrOw(*PSM”/Huels Troisdorf AG.
Germany), HAIN-BALO,"ALON"/RUMICO FEUERF-
EST BAUSTOFFE GmbH, Germany), SiC 2 SpN7b

JaEgles, B Fo AREEE Table 19 2k,

Component

Castables

S, A AT, Z, AN, 5C, 5N

Tab. Alumina {<6 mm)

Alumina-Cement
Microfiller *
Deflocculent

Water™

88
7
5

0.05

4.3~6.0

(#): S=Amorphous Sihica, A=reactive Al:0s, AT=
ALTiOs, Z=7r0, AN=AIN-9ALOs, SC=5iC, SN=
SizM,

(*): The ameunt of mixing water is based on the solids.

Table 22} 733

pm e}EPERE 35 335 x Jé& %” %%1119} R EP ]
33 Eql malz@stedch og AFE o] L 2
Hela TRk 2/3 AR 5% Fab Feo® E
gk F oha] vpelx] B Hrpele] 252 2ol EgE)
Al

222 A

EFHE A8E 427 ATEYst] AlAs Azs
v}

Ad

2.2. AlHHIZE 9 Ade 20T sk 2R Peais
Algdel| AbEE A ~elE AlH2 26 PRE(The Euro- (o) 95%)el| Al 24417} wkAlEly, wEE T oopA
pean Federation of Refractories Producers)-Recomme- Pe A 24A)7EER) afEl o] A]=L 1107
ndation, Part 1] o2} Azajden), 2 948 A534 A 2427 AzAgcDh A4E BA d3E gkl
Hae ofgg gk g AHe 7 A2 12230 F-2]8te Az}
221 & el 444 2245 EE 28 PRE-Recommendatione]
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Table 3. Batch Composilions of Pastes for XRD

1EE Microfillers] A}z AAHE dFeju) slielg 2]

Compon Fastel vl z | an| sc|sN
Tah. Alumina (<45 pm) | 52 | 52 | 52 | 52 | 52
CA-Cement 28 [ 28|28 | 28| 28
ALTiOs 20
210, 20
BAIN-9AL0, 20
51C 20
513Ny 20

oAb elllg} el ==
1200T 744] @ 5C/min
1200C ©]4F . 2C/min

(=3
7}g u]_&g <t _,E_u]b}, AlE 2 GFuul Ah =)
Hsle detsls] $&ke] Tabhle2 =
]—a—} o #ltdale AdEWEe R paste 39
z3le] XRDE 7} £4 254 w2 HEAY
Jaleic), 7+ AHe] 3L Table 3¢ v)e}

rl!
2.3
L ol o
ald ;
m[o
ri’
)v

=

o
=
3
o

i

>,
v
P

4
2o e
I

o

£ &

2.3.2, 4717} = (Hot bending strength) ¥ &%« 57
F(Softning hehaviour under load) &3

WE R AFURAT 29 A A 4w
(25X 25X 125 mm} ¥ #E(2]73 (50 mm, WA 125
mm. =°] 150 mm)e} APH-L | 2Eky] o v(Table 24
24 Ax), A ARe 9dRe) A 7 Age
FollA 12413k hzdstAlalel e 1500TH 4] 12471
al#] AA4% F PRE-Recommendation III 25(PRE/R18}
78 2 German norm DIN 51053, Sheet 1] 2] d&-3
2 3h9ich,

233 &F 4F

Table 298] =4%& zH= LCC Al@d% = oaAA e
7h T B F 4 gobF o]
el A RS 26 -r]?s}til ErhIH(DIN
51069. part 2)<l 214k A2 A gL Fdsdct A
Ak sk LCCE Abzb Ao #el(60X60 % 67 mm,
THEe] T 40mm, FHAE 30 mm)e] AHL 4

A 324 A9 &(1995)

B oz =3
F, o1& 1000Ce4 1247k 248t =rhg Azs

ar o] mrh) Frlde] sge ohFo|E(Al 99.99)%
AN Egdvh A9 950T A 160417 Fab olE
371l A g Ehdch

2.34. W9 42 ¥({Thermal shock resislance}

DIN 51062(part )=} ASTM C 1100-88« whal g
FAAH L st o) Table 28] 2A4do) wha} A)3hgl 25
% 25X 67 mm Z7)¢] AlE-2 2bz 1000C 2 1400Cel A
124)17F gab &AdEkdch 7z A|HEL 9507Te] e
I5E53E F3A12] F 7o) £l 33 5 §447]12
of 3 #d g 4 AEg Hako R dakslgiend, o
23 Felt) some flow times sonic velosiy 3 A4
shaich w3 &AL alg] A2 10T <F 308 7)1
7] F opa] 950C R F78 kel Geoi 9o} 22
3L 305 wEEty

HEA

3.1. oM=L et

aqEre o Abdst @ daE Table 480
velglet

A9 8CH M= vw]% SiC7l 1000C2E] AkEkEle)
Alzbsle, sEE AR SiO.& cristobalte HEE Fa)

k) Alel 2 AEa qhgsle] o3 CaQ-ALO-Si0, 4|

AFE(EF59 1 117008 FAgch 1300c-rL1L SiC 2]
4bEl7 SR Ca0-ALO-SI0; A HA-§5HEH2
sko] Z7}&hT) E Ao cristobaliles) s Hergnule] vt
2o ¢l& mulliter} A= Table 4). A]H SNel| 4=
SN, gl akEke) 800T el A zksted 12000C
Zrteto 24 CaQ-AlLO-SI0, 2 H&REHe] A
Zallgkel, Mullite &2 431 5C 52 #e] 13007
el A defu}?] Ak Table 5).

S5AIN-9ALOy 7} paste(AN)2] 7+ aluminium oxi-
mtride(y-ALONY?} 1000~1200C ¢ 2x #1942z
3] a-ALOLE AREEE, calciumaluminatesy® CA—CA,
—=CA.2} o] wH3lgcHTahle 6).

ALTIO. A7} paste(AT) = aluminium titanate’= 1000
~1200°C Alelell ] Zaf =] 1300C | 4= 2+H3] a- Al

0.2} Rutil(Ti0n=E &gk ALTIO.2] &2 <l
A E ALOR= 1300°C ofAbell A Alul= F2] CA, HE1)
wh8-3le] CA,2 #AFck(Table 7).

20, HE 7 paqte(?)oﬂ A& 1000C B-Zeo4] o

B L0 LT A3 £ M 2ol 410
2} ube-sle] spinel 4} o} #HAx%]7] A =g, e)2lyk

ol 4] 73]
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Tahle 4. Reaction Products m the Paste SC

Temperature {C)

a-A

B-A

-5C

CAS

CA

800
1000
1200
1300
1400

3V

SV

5V
v

v

w
W

SV

v

AY

w

8

sV

£ F =

sW

g

Table 5. Reaction Products in the Paste SN

Temperature (C)

o-A B-A

a-SN

M

Si

CA,S

CAy

Cl.2A7

800
1000
1200
1300
1400

BV

5V

e
v

v

w
SW

m

w

W
&

w
W
3w
5
&

< 5 @ |Ww

2

5w
W

< <« B £

W

Table 6. Reaction Products in the Paste AN

Temperature (T)

o-A

B-A

CA,

80O
1000
1200
1300
1400

8V
L
sV
SV
5V

w
W
W
W
w

i o« o =

Table 7. Rcaction Products in the Paste AT

Temperature (C)

a-A

B-A

a-AT

T

CIEAT

§00
1000
1200
1300
1400

5V
5V
5V
3V

sV

w
W
SW

SW

swW

<

Table 8. Reaction Products in

the Paste Z

Temperature (1)

-A

B-A

800
1000
1200
1300
1400

8V
sV
5V
sV

v

W
w

=

&V

5w

v
5V
5V
S5V

5V

< 8 #

sW
SW

SW

Abbreviation:

A=ALD, C=Ca0, n-A=a-ALD,, p-A=[(-ALO; (Nay0-5AL0O,), AN=5AIN-8ALO,, T=rutl (Ti0y), a-AT=0-ALTiOs,
B-AT=(-ALTs, Z =cubic ZrQh, Z,=monoclinic ZrQ,, Z,=tetragonal ZrQ; MA=spinel (MgALO,), «-SC=qa-5iC
B-SN = B-51iN), 0-SN=g-Su;N;, M=mullite (3AL0525i0;), 5=5i0s, Si=silicon, CAS.=anorthite (Ca0-ALO;-25i0y)

Indication for the reflex intensity:
sv=very strong, v=strong, m=nmiddle, w=weak, sw=very weak, s—trace
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Fig. 1. Bulk density of the alumina based LCC Z, AT,
SC, SN and AN.
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32, 45, 2128 % EHM=

0 7lad 2 add de ANES
vl gk

SiC, SN, % ALTIO fighe Alelzs] Uere
Az Azlzle 4 7)€ AEEHEE03~-310 g
e’} A8 FEEHATHFig 1. SiC, SN, 2 ALTIO;
7t AzelE-g A HA o JAEE Aadd 24
1200~1500T+ 4 Wwrl 24 Z2715S &2 5 gk

ZrQ, 7l A#ME g AHFe wlE ez
EL EEE Held, 2% Abgd] 1} Ax Wiy} A
geluk ALON #l~el2e 1300CHE] dxrt 343
Agleled], o] o] 2EoAREl ALONe| N, w&%
Eal a5 Aztehe o) whel n)HaAe] b
ez AZE,

=g AEE Al el A 2R FakA Sl E
Ag)Ft 37l 3F A4, 12~15%)7 00 22 385
B ciFig 2). ole B Aol AEE ol AdEEo] v
A7 delzlel e Ymrt 23 e EFISER
g F& pRagpe] gu =Z2§ FU4YE geiz]s]
T o5 PR} SN, SiC 9 ALTWOs i 5] ~ehE
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Aol &+ 717 F AR} AYA 7| fELE ARFCh
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Fig. 2. Apparent porosity of the alumina based LCC
Z, AT, SC, SN and AN.
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Fig. 3. E-modules of the alumina based LCC Z, AT,

SC, SN and AN.
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Fig. 4. Hot bending strength of the alumina based LCC
5, A, 7 and AT.
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Fig. 5. Hot bending strenglh of the alumina based LCC
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Fig. 6. Softening behavior wnder load of refractory ca-
stables with 5% oxidic additives A, 8, AT and
Z. (Prefired at 1500C for 12 h; loading 0.2 N
Jmm?)
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Fig. 7. Softening behavior under load of refractory ca-
stables with 5% nonoxidic additives SC, SN and
AN. (Prefired at 1500C for 12 h; loadmng 0.2
N/mm?)

Table 9. Important Check Points in Softning Beha-
viours of the LCCs A, 5 AT & Z

Castables Doax Toa Toz Tio
(%)* (cr () €8}
g 1.000 1480 1510 1550
1.285 1670 1690 >1700
z 0.830 1580 1620 1660
AT 1.048 1430 1450 1470

{(#) Duax (%) maximal expansion of the loaded test
body, measurement based on the initial height of the
SpeCITEn.

{*) Tos Tos Tio (T} temperature at which the loaded
test body is compressed from the maximal expansion
pomt (D) by 0.3, 0.5, 1.0% of the initial height of
the specunen separately,

T

e Al ZE oF 1400T ) d3EL
18l &4 ghEt |SFSHS Bel SHot ¢
2}

WAk, S48

=

4 & e
el dEAes wa gk mE Ze AHu adde) 7t
A zlghck Al eF 15507 AT & 91%3-E wol
o Ty Fhe) 1700T o]4te]gdtH(Table 9 3+3). Fig 71}
Table 10614 & < gl ule} Ze] SN} SC& 1400~
15008 2xelA FAF Q84S Eele shdel
AH ANE FE EZ8 1600~1700C Falellad <13k
o] Aot

35 28 URolse g Y HE

A 32 A9 £(1995)

e8] B v o

Table 10. Important Check Points in Scftning Beha-
viours of the LCCs SC, SN and AN

Castables Do, Toa Tos Tio
(%) () () ()

SN 1.254 1430 1440 1470
5C 1.040 1470 1500 1540
AN 1012 1580 1620 1670

S5 4FeEed A AdE

o 2]9)] are} Holrh RAAY F ot F HF HEE
ez s AEE HheE Hhhg F HnHeR
wwe Paslelen, ®itg Fig 8~10 2 Table 11e
vhebd ot}

Fig. 8] 4 & 4 sl&e] AT JH-=
m1}e] wetlinge] HE vk o] A= Staudt =
£ ALTIOs A ZEalof g 4y Zijs} e Y
R o o Sl 2 L) B STel]
e wetting HHoMh, YIS AFE wA
AMeH{Table 11 3, IFA= 77
b ¥EACE e FEMERES B F dud
g9 £ ARgelAE wreel €T P4 dlale

ALON #% Algdlxe 2 %
£ - slstesh, 2ol Inm Azs 54 ol 4
2 2 o)glch SN& SN2l F4% el
Feoll diwr 2 o FaAde] ofr] ERETE] 23
oreda] algolsl BTE T &Rl AFalHe] yolTa
m?) Ale] als &Rz dolar 2

-
o s N |
syes B ? sigith czste] o 15 mm A5l

We g o

SC 9 S& &% 4Fuhlrl ghds] AFated 4|1l
Fwzba Ed Az Ak RyEgich 01 Hars
S04 Alell 2igh ghelibgo s Hg 2] =
o 2 gdale] gleta & < glep f\]ﬂi Sol]k—]‘—* Yo
02~12mm H=d FFELS & 5 209 2(Table 11
arz), Al AR} SColAe 0.2~06mm ol AFES

Wal o2l 04~08mm o FHAESFT P
& qlde.
dubzlen Ao of L vHz Ld22E wetla-
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Fig. 8. AT- and Z-crucibles after corrosion lest at 9507C-150 h m argon-atmosphere. {right: cut section, left: outside
skin)

Fig. 9. AN- and SN-crucbles after corrosion lest al 9507C-130 h in argon-atmosphere. (nght: cut section, lelt:
outside skin)
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Fig. 10. SC-, 5- and A-crucible after corrosion test at
oulside skin)

Table 11, Summary of the Corrosion Test

9507C-150 h 1n argon-atmasphere.

(right: cut section, left:

Charactenzation Z AT AN SN 5C
Penetration area (mm®)* 912 g2is 77 0 571 465 1033
Depth of reacton zone (mm) 0.6 1.2 - — - — 0.2

A, S SC: Strong corrosion

Evaluation of corrosion resistance SN. AN: Middle corrosion

according to DN 51069, part 2 Z: Very weak corrosion

AT: No corrosion
(*3: The infiliraled area is based on the cut section area

93 AR LFo)ro) 4

B SR A S0)eN FE s 4

A3231 A 9 5(1995)
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Fig. 11. Change of somc velocity for water quenching
at 950C. (1000T/12 h prefired)
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Table 12. Summary of the Results for Thermal Shock Resistance

Surface description Order
Microfiller Prefired at ranking*
1000712 h 1400%C/12 h
Amorphous 5% Hair cracks formation on surface & Hair cracks formation on surface nr
silica 9 Crack progress over edge 15 Slight prolongalion of hair crack
Small splitt of edge
12 Crack growth
Reactive 15 Hair cracks round grains 21 Hair cracks formation on surface I
alumina 21 Loosen of individual grains 24 Hair crack growth
on surface
ALTIO; 21 Strong loosen of individual 9 Many fine cracks on surface v
gramms on surface 12 Further crack branch out
24 Piece brake out 30 With hand crushed
Zr(0: 21 Loosen of individual grains 27 Hair cracks formation round I
an surface FrANS
SigMy 15 Hair crack formation on surface 15 Hair cracks formation round II
24 Crack prolongation grains
SiC 15 Hair crack formation on surface 5 Hawr cracks formation 111
21 Slight growth of hair crack % Strong crack formation
Crack growth and prolongation
27 Crack progress over edge
Edge splitt
ALON 21 Loosen of wndividual grains No visual change on surface I
(SAIN-9AL05) on surface up to 30ih quenching
27 Strong loosen of grains on surface
(*): T corresponds to the best and IV to the worst valuaton
(#): from the sonic velosity and the crack formation {visual lest)
(4 No. of quenching
ARl AlHS mAd(plastic)AF<l 2 A5k v 7] W Abge] AAge s ~etge] Eded vlAe ddE o
Feog AZdc) 1400CeM 24T ANS 3039 o FEle] olem e HES wdgch
FE ol = el =l whg MEE fEy S glich 47 1L ALTIO, SiC 2 SN »]dd-2.2 dga s
A42] A5E Table 126 Lofsieic. Bhee] WEE §00—~1400C Tkl wH A deizte
@hat Al 2eh g 5589100, Z:0. "ALON" (5AIN
42 £ 9ALOY TR Almle ddHen Stk dER =
= MimEEEE H 22X %”‘ o ) wlAd desE
Microfiller24 ciekgh 35 2 w485 A7l 2 Hat Aaeled v wslel 2 v)Eey 2gT &

A 232 A Ao {1995}
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