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A synthesis of cordierite from aluminium slag
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Abstract

This research focused on the synthesis of cordierite from aluminum slag fo produce kiln furniture.
The compositions based on an industrial Al-rich sludge, kaolin, ball clay, talc, and quartz af sintering
temperatures of 1250, 1280, and 1300 'C. The properties of synthesized cordierite, namely phase
compositions by means of X-ray diffraction (XRD), physical properties, strength (Modulus of Rupture), and
thermal expansion coefficient were evaluated. The XRD analysis confirmed that the major phase of
sample synthesized at 1300 ‘C was cordierite. The sample had firing shrinkage between 8.1-9.9%, water
absorption in the range of 13.8-16.8%, density (Bulk density) between 1.80-1.88 g/c:ma, strength between
20.7-22.7 MPa, and thermal expansion coefficient in the range of 3.199—3.694 x 10°/°C. In addition, the
composition with the highest cordierite phase and strength were selected to form a V-shape, 5 cm high

kiln fumniture prototype using a slip casting method.lease the fragrance.
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2. 18N197998 (Experimental)
2.1 NManAResLATEIianeselss

ﬁm@@ﬁmqﬁuﬁﬁﬁmﬁ AmuadUNALT
1 luntsmeass uadiunauliazidenluniiaum
'%ugﬂ%vummaﬂu Lmﬁ@mmﬁ 1250, 1280 W@z 1300
ANTATEE NAFaUANTINIINNEN T dutlszney
yauSen Anuuiause wasAndunlezAviannsuene
Fuila¥eu @WﬂﬁuﬁmLﬁaﬂqmaLﬁama‘:ﬁﬁﬂiﬁrﬁ il
U meaawindunan U AULLY

21.1 Faghuild

- mznfuazqililey (Aluminium slag)
9.4YNTANAT

- AUYT (Koolin) Uil Cerafast 21N
U3EmauAamsealiuuaianiiaaaliuum 910

- AUAN Bdll clay) Uiln Ceragobe a7
U3EmauAamsealiuuaianiiaaaliuum 910

- AIAT (Quartz) UM Cerasil 27N
U3EmauAamsealiuuaianiiaaaliuum 910

- vian (Tale) afla special AnUTENITRS
drdunesiuduuua 1in mﬁﬂi”ﬂ@umqmﬁmm

@

nQAL Ul unNAaed uansly ANged 1

] 8 | Bulletin of Applied Science Vol.2 No.2 August 2013.



Table 1 Chemical composition of raw materials used in the experiment

Composition Aluminium slag

Talc Ball clay Kaolin Quartz
(%) (calcined)
AlLO, 77.14 0.6 31.3 37.3 0.18
Sio, 8.75 62.7 49.8 47.2 99.22
Fe,O, 6.67 0.1 1.2 1.0 0.1
MgO 1.81 32.3 0.1 0.06 0.1
CaO 1.41 1.9 0.4 0.1 0.1
Na,O 0.72 0.5 0.5 0.4 0.03
K,O 1.18 0.1 1.6 1.7 0.07
TiO, 0.61 - 0.7 - 0.05
MnO, 0.23 0.002 0.03 0.06 -
L.O.l. - 1.6 13.7 13.0 0.3
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Figure 1 Phase diagram of MgO - AI203 - Si02 system
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Figure 2 Triaxial table used to determine the formula

Table 2 Oxide compositions for cordierite body formulas

= ﬂw T L3 Q‘l
an MgO ALO, sio, 2.1.3 Nawwsautiapasine lsALasiunngay
TegmaTngnu Aalumgen 3 39U 5 ams
A 12 32 50 lnaunazans drdsunauunlundaunliaziden
v aa a) v nIJ o 1
arenauaLtlen Tananlunisum 24 99lus Unldenu
B 13 34 47 ,
v a
MZWNTY 100 LY UWAZBUUANTQUNYL 110 B9AY
C 9 34 51 wadea antuindusadaunsya NuAzunss 50
IS 2
waz 70wy wanilldndugdiunaaauluuuy
NUNLANZUUNA 30x60x10 ALINTLARLLAT AILILATRY
E 11 33 50 dnlansean Iaaldussdn 140 Alanfumamisng
EruAmg lunan 20 3uni waztirlienlumd i

Hfgaunad 1250, 1280 WAz 1300 BIANLTALTHA
TneldidmsnLsa 150 avATaldaanadilug aulnni

AUVNNAIEA 120 UT
9 uU uU 9

20 | Bulletin of Applied Science Vol.2 No.2 August 2013.



Table 3 Raw material compositions used in the experiment.

Aluminium slag Quartz
Sample Talc Kaolin Ball clay
(calcined)

AS_1.2_A 35.4 10.7 21.2 22.9 9.8
AS_ 1.2 B 34.3 13.2 26.2 23.9 24
AS_ 1.2 C 23.6 13.8 27.5 23.2 12.0
AS_1.2_.D 29.5 11.6 23.0 24.0 11.9
AS_ 12 E 324 11.6 23.0 23.9 9.1
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il
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Table 4 Physical properties and strength of samples firing at temperature 1250, 1280 and 1300 C

Sample Firing temp, °c AS1.2A AS1.2B AS1.2C AS1.2D AS1.2E
Shrinkage, % 1250 9.59 10.45 7.98 9.68 9.50
1280 9.46 9.78 7.93 9.44 9.41
1300 9.49 9.86 8.09 8.86 9.30
Water absorption, % 1250 16.28 14.36 17.69 15.96 17.13
1280 16.12 14.07 16.73 15.26 16.53
1300 16.83 13.81 15.79 15.21 16.24
Bulk density, g/r:m3 1250 1.85 1.92 1.80 1.86 1.82
1280 1.83 1.88 1.80 1.85 1.82
1300 1.80 1.88 1.82 1.84 1.81
Modulus of rupture, MPa 1250 22.55 23.53 22.37 21.70 22.51
1280 21.69 24.66 22.48 24.33 22.91
1300 20.99 22.70 2217 21.74 20.73
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Table 5 Thermal expansion coefficient of samples firing at
temperature 1300 C

Firing | Coefficient of thermal expansion
Sample temp,
°G (30-1000 °C), x 10%/°C)
AS_1.2_A 3.694
AS_1.2.B 3.199
AS_1.2_C 1300 3.155
AS_1.2.D 3.617
AS_1.2_E 3.354
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Figure 4 XRD patterns of sample AS_1.2_A - E

firing at temperature 1250 C
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Figure 7 V-shape prototypes from AS_1.2_B at firing temperature
of 1300 C
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