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Abstract

This research project comprised three main parts. The first part concentrated on eggshell
powder preparation, eggshell heat treatment and characterization of eggshell powder and the treated
eggshell powder. The second focused on the preparation and characterization of eggshell powder
filled high density polyethylene (HDPE) as well as the effect of eggshell content, size and addition
of a compatibilizer on physical properties of the filled HDPE. The third was the study of effect of
heat-treated eggshell powder content and addition of a compatibilizer on physical properties of heat
treated eggshell powder filled high density polyethylene.

From the first study, it was confirmed that chicken eggshell consisted of 97 wt% calcium
carbonate in calcite crystal form and 2 wt% organic substances. Eggshell, after grinding, had a
particle size (D) of 12.7 um and D[4,3] of 23.6 pm with a particle size range of 0.9 — 124 pm. The
eggshell matrix protein, shell membranes, and organic substances were removed by the heat
treatment. The removal efficiency of those depended on treatment temperature and time. When the
treatment temperatures were 650°C and 670°C, it took more than 24 h and 16 h, respectively, for
removing all organic substances. At higher treatment temperatures, 770°C and 800°C, it took 4 h
and 3 h to entirely remove the substances, respectively. However, with increasing temperature and
time of treatment, calcium carbonate was transformed to calcium oxide. In addition, if calcium
oxide was exposed to atmosphere it was turned to calcium hydroxide. Therefore, the heat-treated
eggshell prepared at 800°C for 3 h was employed for preparing HDPE composites. The main
component of heat-treated eggshell powder (HT-ESP) for preparing the composites was calcium
hydroxide.

For the study of eggshell powder (ESP) filled HDPE composites, the shear viscosity of the
composites was increased with increasing ESP content. The addition of ESP at various contents did
not affect thermal stability of HDPE. In addition, yield strength, tensile stress at break, elongation at
break, flexural strength, impact strength, and hardness of the composites were not significantly
enhanced by increasing ESP content. However, Young’s modulus, flexural modulus, and heat
distortion temperature of composites were increased by increasing ESP content.  The ductile-brittle
transition of the composites occurred at 20 wt% ESP. The rheological, thermal, and mechanical
properties of the HDPE composites prepared with ESP were comparable to those of the composites

prepared with CaCO,.



In addition, when the particle size (DSO) of ESP was reduced from 17.1 um to 14.4 pm, the
apparent shear viscosity, melt flow index, thermal stability, and mechanical properties of the HDPE
composites prepared with 40 wt% ESP were not significantly different. Furthermore, the 40 wt%
ESP/HDPE composites compatibilized with 2 wt% HDPE-g-MAH did not show significant
improvement in rheological, thermal, and some mechanical properties such as Young’s modulus,
and flexural modulus. However, it was found some improvements in these properties, yield strength,
tensile stress at break, flexural strength, impact strength, and heat distortion temperature, of the
composites.

For HT-ESP/HDPE composites, the apparent shear viscosity of the HDPE composites
increased with increasing HT-ESP content. The thermal stability of HDPE composites was slightly
improved by increasing HT-ESP content. Young’s modulus, yield strength, tensile stress at break,
flexural modulus, flexural strength, hardness, and heat distortion temperature of the composites
were increased with increasing HT-ESP content. However, elongation at break and impact strength
of the composites were decreased with increasing HT-ESP content. In addition, failure behavior of
the composite was changed from ductile to brittle at 30 wt% HT-ESP.

Furthermore, the 40 wt% HT-ESP/HDPE composites compatibilized with 2 wt% HDPE-g-
MAH had the same rheological, thermal, tensile, flexural, hardness, and heat distortion properties to
those of the uncompatibilized HT-ESP/HDPE composites. However, impact strength of the
composites was improved by the compatibilization. In addition, the composites at 40 wt% HT-ESP

with and without compatibilization were ruptured before yielding under the tensile test.
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DTGA Differential Thermogravimetric Analysis
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HDPE high density polyethylene
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HDT heat deflection temperature
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a0 T,... | Weight loss | Weight loss | Weight loss Weight loss
T, . (°C) (%)
(°C) (%) (§(®) (%) (°C) (%) (%)
ES 55 1 326 2 - - 800 45 52
ESP 60 1 320 2 - - 789 45 52
CaCo, - - - - - - 790 45 54

HT-ES (650°C, 16 h) 83 1 - - 444 18 696 11 70
HT-ES (650°C, 20 h) 82 1 - - 439 16 671 6 77
HT-ES (650°C, 24 h) 69 1 - - 445 14 675 6 79
HT-ES (670°C, 12 h) 84 1 - - 443 16 732 16 67
HT-ES (670°C, 16 h) 70 <1 - - 439 11 683 5 84
HT-ES (770°C, 4 h) 65 2 - - 430 23 603 3 72
HT-ES (770°C, 6 h) 82 1 - - 441 23 615 2 74
HT-ES (800°C, 3 h) 74 2 - - 437 23 611 3 72
HT-ES (800°C, 4 h) 80 1 - - 442 22 613 3 74
HT-ES (800°C, 5 h) 69 1 - - 438 23 621 3 73
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ESP2/HDPE/HDPE-g-MAH
aNNITMINGN
mixing temp (°C) 170 170
mixing time (min) 15 15
rotor speed (rpm) 70 70
anzMsIug
melting temp (°C) 190 190
molding temp (°C) 25 25
screw speed (rpm) 104 104
injection speed (rpm) 57 57
holding pressure (kg/cmz) 960 960
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