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Development of Ceramic Roll Materials for Food Grinding

Processing and Evaluation of Mechanical Behavior

Z 9
R
W. S. Kang

SUMMARY

In order to prevent the possibility of mixing of metal powder during food grinding proecssing with the
metal roll mill this study was conducted to develope the materials of ceramics roll as a substitute of gray
cast iron roll mill.

Since the ceramics is brittle material and can be broken easily by a crack, it was needed to develope
engineering ceramics roll materials with high elastic modulus and fracture toughness. Adding 0~50 wt%
ALO; as densification additives to porcelain body material and forming the ceramics an different condition,
mechanical properties were evaluated. The material structure’s densification process was analyzed by SEM
and XRD. The evaluation of the mechanical properties of ceramics roll materials were compared and
analyzed by non-destructive test using Young's modulus and destructive test using 3-point bending strength
and fracture toughness.

The results showed several correlative results. Porcelain body material with 40 wt% AlO; content heated
at 1.200C for 5h was high bulk density of 2.77. Young's modulus of 118.4 GPa, 3-point bending strength
of 137 MPa and fracture toughness of 2.88 MPa - m". After analyzing the relationship between non-destructive
test and destructive test, the coefficient of determination was more than 0.9. Therefore, the evaluation of
non-destructive test by ultrasonic was turned out to be feasible in evaluating the mechanical properties of
ceramics.
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Table 1 Chemical compositions of Al,O; powder and porcelain body material

(Unit : wt%)
Comp. .
SlOz A]zO3 F8203 MgO CaO Kzo NaZO ZI’O3 lg.lOSS
Sample
ALO; powder 2.58 93.8 0.17 0.836 0.17 1.65 0.55 0.05
Porcelain body 65.2 21.4 1.04 0.41 2.89 0.92 0.01 727
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Table 2 Bulk density, ultrasonic velocity and young’s modulus of porcelain body materials
with 0~50 wt% AlOs content heated at 1,200 ~1,400C for 5h

1200C 1300C 1400°C
Addition
of ALO3| Ve Bulk | Young's | Bulk | Young's v v, | Bulk |Young’s
(Wt%) /L /5 density | modulus /‘ . density | modulus /L /5 density | modulus
)L ety | (gpay | | )| e Gpay | ™9 ™ emy | Gpa
0 5915 | 3528 | 2.453 75.0 | 5685 | 2172 | 2.113 | 282 | 5596 | 2019 | 2.024 | 235
T50 | £94.4) £0.02 | +292 |+33.4]£759] +0.01| *+1.86 |+61.7| +27.0| +0.03| +0.64
1o | 6264 13191 | 2537 68.3 | 5475 | 2938 | 2.184 | 486 | 5507 | 2564 | 2.18 | 39,
+77.8) £193 | £0.04 | 7001 | 2133 119 +0.03| +3.28 | 124 ~100| =001 | +2.7
50 | 6199 3311 | 255 73.1 | 6307 | 3150 | 2.471 | 64.1 | 5827 | 2680 | 2.182 | 413
318 176 +0.02 | +£595 | +27 | +110] +0.07| £3.92 | £239] +113] +0.03| +28
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28 | F127 ) 001 | 599 |+29.1| £140| +0.02| £6.09 | =39 | +150| +0.04 | —4.89
so | 6743 3752 | 2.622 94.1 | 6817 | 3886 | 2.501 | 96.2 | 6809 | 3886 | 2.373 | 89.1
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Fig. 3 XRD patterens of porcelain body
materials with 0~50 wt% AlLO;
content heated at 1,200C for 5h.
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Fig. 4 SEM micrographs of porcelain body materials with [a] 0 wt%, [b] 10
wit%, [c] 20wt%, [d] 30 wit%, [e] 40 wt%, and [f] 50 wt% ALOs;
content heated at 1,200°C for Shr.
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Table 3 Relationship between Young’s modulus and 3-point bending strength, fracture
toughness of porcelain body materials with 0~50 wt% AlLO; content heated at
1,200C ~1,400C for 5hr

Addit 1,200°C 1,300C 1,400°C
ition
Young’s | Bending | Fracture Young’s | Bending | Fracture Young’s | Bending Fracture
Of Ale}
(Wt%) modulus | strength | toughness | modulus | strength | toughness | modulus strength | toughness
0 1 15 14
(GPa) (MPa) |(MPa - m™)| (GPa) (MPa) |(MPa-m”7)| (GPa) (MPa) | (MPa-m™)
0 75.0+ 67+ 2,19+t 28.2+ 41+ 1.75 % 235+ 35+ 1.28+
292 2,62 0.15 1.86 3.30 0.20 0.64 3.46 0.25
10 68.3 1 84+ 227+ 48.6 + 39+ 1.70+ 39.1+ 48+ 135+
7.01 3.80 0.18 3.28 1.93 0.20 2.7 5.55 0.23
20 73.1+ 81+ 223+ 641+ 48+ 1.76 = 413 ¢ 53+ 1.64 %
5.95 3.96 0.18 3.92 344 0.21 2.8 6.25 0.23
30 102.7+ 127+ 231+ 89t 68+ 1.92+ 724+ 84+ 1.82+
5.57 4.55 0.16 222 4.36 0.20 3.31 3.89 0.23
40 1184+ 139+ 2.88+ 109.4+ 117+ 1.99+ 955+ 100+ 217+
5.99 6.69 0.19 6.09 5.82 0.21 4.89 11.35 0.24
50 94,1+ 122+ 240+ 962+ 114+ 194+ 89.1% 91+ 1.82+
8.34 4.92 0.19 6.51 5.88 0.21 3.1 13.30 0.24
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Fig. 7 Effect of bulk density on the longi-
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