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Development of Mechanical Property of Fired Body of Composite Material
Using Clay and Aluminum Sludge

Isao FUKUMOTO*, Shunei MEKARU and Jiro MATSUDA

** Department of Mechanical Systems Engincering, University of the Ryukyus,
L Senbaru Nishihara, Okinawa, 903-0213 Japan

Composite material mixed with Okinawa Kucha clay and the heat treated sludge which is an
industry waste from sash factory was fabricated by compression molding and injection molding.
These obtained results were as follows; (1) In the compression molding with no use of binders, a
alumina sludge particles inhibited the enlargement uf numbers and size of pores caused by melting
clay and the growing of pores when increasing the firing temperature.  (2) The dimensional
accuracy of fired body in injection molding was improved by increasing the content of sludge. (3)
From the analysis of variance of bending strength, sludge conlent and injection pressure were
specilied as the significant factors on improvement of bending strength. The sludge particles perform
the role of a reinforcement in the clay-sludge composite material. ((4) By firing the body using micro
wave sintering furnace, the sintering effect attributed to decrease the pores in the body comparing
with the electric furnace. Especially, the bending strength improveil drastically at the sludge content
of 65%. .
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WEiRWTE, e, SLORE, B BRIBE
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$AAT vy L IBTIK TR T DL a TAITOR MBI
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3425y URHVEBAHERERLT, SRREIKC
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Tablel Chemical composition of Kucha Clay (masa%)

B8i0; AlzOs FezOs CaOQ MgO NaxO KaO Ig.loss

659 169 7.8 27 28 13 33 9.3

Table 2 Chemical composition of sludge (maes%)

§i0; AlaOs Foi0; Ca0 MgO NaaO Ig.loss

099 9120 030 002 021 072 6.56
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1123 1273 1323 1313 M23 W4 473

Firiag tamperaturs (K}

Fig.1 Comparison of water absorption ratio when
varxving the firing temnerature
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Firing temporature (K
s0 {A) Kucha clay

13713 1473 1573 1073 1778

Firing temperature (K)
(B) Composite materls!

Fig.2 Comparison of specific gravity whea varying
the firing temperature
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REL, YRR RREERLCHERAALORE
CRENBEEIADILD, RILKISKLLTHXTD
LEbIhD. Thitfl, e A7y VRFETRALEES
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RELRERMMTIbOLEDAS. 22T, Th
LORADHELSBARBEOTEREDL S REW
&526#%*5&».Qﬂoﬂ&mﬁ?bmﬁ#ow
BB WTRILE, EOBREE S ITRY. BLo
ZOHAANT 1828K L EIBVTRAMARBELRT
B, o K L OB R R AR RS D L
Bbh3. ehicftl, e 2Ty VHFLRELEEEH
BOBEREBHICBV TR MISKEU LB TRBRR
WAL, IETSKICRBOTRLIBER A CHBIR
oTHY, EREEBLe AT yVEBEALTIILE
IRt ROREGLERTH L 16%16M T% 18P
LTHD*E(&E&hwa:&ﬁbma.:hﬁi
sudite ATy URTILE Y AAORBENMTD
HBER, < oHERRBACBRENIIBREE L
B THIEIRETILBbNS.
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18 BY MIEASDEO L18 OHRREAVTRMLE.
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Bzt ARORE, RE, HROREREL, A
AL FOBRBE LIRAOFERBERY, BAKLD
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ArEdh, RRRTEBRRL EBRBREERMT
EHDICBRIEOFELHALE. FTEIRHLEE
OB D FRHITE 3 TFRTEFEABERRL,»0 18
EYOMBELEO LIS OEEREAVTRINLE. &

80
8.0
g 40
20
00 =
1373 1423 1473 1513 1813 1173
Firing temporsture(K)
(B) Composite material
20

Shrinkage (%)
-

o

° ,
1123 1273 1323 1373 1423 1448 14N
Firing temperature (K;
{A) Kugha clay
Fig.3 Comparison of shrinkage when varying the
firing temperature
Table 8 Factors and levels in experimental design
Pactor Level
A Kneading time (h) i 1 8
B__Sludge content (%) 35 50 65

C__ Cylinder temperature (K) 373 393 418
D _Injection pressure(MPa)

40 60 80

E Degreasing speed (K/h) 3 16 27
F__Rising temporature (h) 1 2 3

G Firing temperature (K) 1478 1673 1673

Table 4 Result of specific gravity and SN ratio

Specific gravity 7 (dB)

266 267  2.61 264 | 824
211 216 221 214 | 666
218 216 210 212 | -661
230 268 2567 252 | -8.01
246 262  2.66  2.56 | -8.05
252 262 261 257 | -8.28
301 804 308 304 | 563
224 292 270 273 | -850
268 283 278 276 | -8.88
10 | 258 264 258 273 | 843
1 | 288 28« 234 236 | -7.88
12 | 197 192 187 201 | -688
18 ) 271 2771 278 285 | -8.87
14 | 245 250 239 241 | 174
15 | 278 268 256 246 | -8.28
18 | 277 278 283 279 | -882.
17 | 309 s00 808  3.07 [ 974
18 | 248 271 282 274 | -8.60°
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W EAMAFORRERTRFT. FREOHR, 5%
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ERBVE, e ATy UEHRANAMMTIB/S NI
IRy, FEMERALLEb oS RMMERST
LRbhs. ThbL, BEOEGBICEVCHBRMEN
BNBARBROBEN2ZEND N, HIGHERE R
ZBRABVTRAL VY —ORRICHESTROREL
RBORENEHMCRENI LD, AROAKLER
OLERRENCTVEDREROBROBAELELD
v, EOR, RBEOABIIEROTAITESTS
BaATFy UNTEEHTEHAIIZa AT v VTS
HEBCSRLTV I EDBROBNE CHORNE
TRML, ¥R aRT o UVSHENMT S L EOHRI
HEBLEDWhD. RiZ, a ATy VEHR (B) LB
mitE (E) 02@FCHEMELRET S L RERN
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‘Table 5 Analygis of Variance of spacific gravity

Factor 3 S v Fo 0
A 1 0.06 0.06° 156 .
B 2 10.18 5.08 127%* 58.3
C 2 2.83 1.41 85.26%* 16.0
D 2 0.70 0.36 8.76*% 3.7
E 2 1.78 0.87 21.75** 9.7
F 2 111 0.55 138.75% 6.0
G 2 0.51 0.26 6.6" 2.5

AXB 2 0.02 0.01° 0.26

Opooling & 0.20 0.04

Trble 6 Result of diameter of fired body and SN ratio

No. Diameter () n (dB)
1 4.832 4.836 4.815 4.817 53.5
2 6.220 5172 5495 6.198 309
8 65.622 65.417 5.282 - 80.0
4 4.945 5.128 5.033 5.088 86.6
5 5.215 5.036 5.235 5.190 36.1
] 4.858 4.860 4.908 4.867 456.8
7 4.716 4,735 4.725 4.717 54.3
8 5.478 5.485 5.433 5.425 45.0
9 5.120 5.107 5.145 5.182 50.0
10 4.940 4.878 - - 41.0
11 5.187 5.016 5.085 5.143 38.7
12 5.495 B.768 5.465 5.936 29.6
138 4.858 4.776 4.800 4.860 41.1
14 5.200 5.173 5.127 5.150 44.4
16 5.087 5.083 5.058 6.027 46.2
16 4.862 4.882 4.857 4.892 49.4
17 4.763 4.745 4.848 4.748 39.6
18 5.343 5.372 5.310  5.332 46.3
Table 7 Analysis of Variance of dimensional accuracy
Factor f ] v Fo )
A 1 1.39 1.39° 0.06
B 2 872.26 186.13 8.18* 30.3
C 2 136.45 68.28 2,99
D 2 61.84 30.92° 136
E 2 268.69 134.34 5.89¢ 20.7
F 2 66.69 83.29° 146
G 2 96.48 48.26 212
AXB 2 69.69 34.84° 1.58
Opooling 9 205.28 22.81
50 50
[~ ~
Se B
& =~
30 L L $0
35 50 65 3 15 27
Sludge content (%) Dogreasing spoad

Fig.4 Comparison of SN ratio in each level of factors

of sludge content and degreasing epeed

4 =BstE1— T =474+47.2—-41.8=5628 (1)
(2L T3S Ni&RD EBROBTHE)
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Table 8 Result of bending strength
No. Bending strength (MPa) 7 (dB)
1 86.46 96.74 99.09 99.89 39.6
2 81.26 72.32 66.06 59.91 '36.3
] 45.26 34.33 29.85 - 30.9
4 183.8 108.14 106.17 114.6 41.0
[ 66.48 7681 78.61 72.61 87.3
6 109.76 104.85 104.87 105.88 40.6
7 158.56 161.39 166.37 168.0 44.3
8 63.94 6§3.81 57.44 69.14 36.3
9 88.71 99.83 99.84 96.19 39.6
10 37.92 36.76 26.11 - 30.1
11 117.08 92.35 76.15 82.83 39.0
12 20.78 18.34 27.69 23.69 26.8
18 136.81 11212 1461 178.71 42.8
14 68.1 129.08 - - 38.6
16 101.66 856.86 11047 89.68 39.6
16 106.7 155.836 160.31 13249 42.6
17 227.95 21549 184.12 150.19 45.4
18 79.68 77.61 93.27 74.08 38.2
u =B1+Da— T =232.8+37.6—87.7=82.7 (2)
(L, TikS NHERDEBROREHH)
82.7dB 248 bh, REHREB,D, T,
u = Ba+Di— T =40.0+40.7 —37.7=489 (8)

43.8dB L & Y HABOKkEIE 11.2dB L2535, Ric, Ml
HERIZRVNTIE, 847 Ai1BiCaDsEsF2Ge Tt 87.9dB, &
% pt: AsBsC1D1E:1FiGs X 43.7dB FB D i1 6.8dB
LY, +HRBRERROARNo RN, HANAE

Tablo 9 Analysis of Variance of bending strength

n (dB)

Factor f [} v Fo o
A 1 188  1.33° 0.16 :
B 2 22393 11197 13.39* 89.6
c 2 §3.03 2652 8.17
D 2 10894 6197 8.22% 16.7
E 2 29.68 14.84 1.78
F 2 12.74 6.37° 0.78
G 2 6366 26.83 8.21
AXB 2 26.28 13.14° 1.57
Opooling 7 58.66  8.36
50 50
] S O\)\O
[ -]
30 L 30
35 50 85 <0 &0 20

Studge (1) Injaction Pressure (MPs)
Fig.5 Comparison of SN ratio in each level of factor

of sludge content and injection pressure.

Fig.6 SEM photographs of fracture surface
in bending test.
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Fig.7 Relation between bending strength and firing
tompeorature
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Fig.8 Comparison of specific gravity between
electric furnace and micro wave furnace
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