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Fig.4 Fracture load distribution of rice kernel at 16 C with
different moisture content
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Analysis of rice compression fracture load in processes with various
temperatures and moisture content

Wu Zhonghua’?, Wang Shanshan!, Dong Xiaolin!, Li Kai', Zhao Lijuan?, Zhang Zhongjie?
(1. College of Mechanical Engineering, Tianjin University of Science & Technology, Tianjin 300222, China;
2. Research Center of Low-Carbon Green Process Equipment, Tianjin 300222, China;
3. Academy of State Administration of Grain, Beijing 100037, China)

Abstract: Harvested fresh rice kernels would encounter compress load with various intensities in the sequent drying, storage
and milling processes. Excess compress load which exceed the fracture load of the rice kernel may cause rice cracking, which
reduces the head rice yield and its economical value of the rice kernel. The compress fracture load is an important property
parameter of paddy rice in sequent processing and it is necessary to know exactly the value of this parameter. In this paper, the
compression fracture load of rice kernel was determined using the statistics analysis method. A series of mechanical
compression experiments were conducted on the rice kernels with various moisture contents of 14%-21% and temperatures of
16-60 C and the value of the compression fracture load in each experiment was recorded. Through the large sample statistics
analysis, it was found that under the same temperature and moisture content, the compression fracture load of rice kernels had
different values which may be caused by the various growing environment and the statistical distribution characteristics was
demonstrated for the compression fracture load. In the view of statistics, the concept of the median and large compress fracture
load were proposed and used to express the compression fracture load statistically. In the case of the moisture content of 14%
and temperature of 16 ‘C, the rice kernels was determined to have the median fracture load F'50 of 63 N and the large fracture
load F90 of 80 N. The effects of two important process parameters of the rice temperature and moisture content, on the
compression fracture load of rice kernel were also investigated and it was found that the compression fracture load decreased
with the increase of the rice kernel temperature, and increased with the decrease of the moisture content of the rice kernel, and
the moisture content had a greater impact on the fracture load than the temperature. When the moisture content of the rice
kernel was decreased from 21%, to 18%, 16% and 14% at the temperature of 16 “C, the median compression fracture load F50
was 47, 51, 58, 63 N and the large compression fracture load F90 was 60, 65, 74, 80 N. When the moisture content of the rice
kernel was decreased from 21%, to 18%, 16% and 14% at the temperature of 60 C, the median compression fracture load F50
was 27, 33, 42, 49 N and the large compression fracture load £90 was 35, 42, 52, 60 N. The glass transition theory played an
important role in explaining the change of the fracture load of rice kernel. In this paper, when the rice kernel from a high
temperature and high moisture content (60 ‘C, 21%) status changes into a low temperature and low moisture content (16 C,
14%) one, it transits correspondingly from the rubber state into the glass state, and the large fracture load F90 increased from
35 to 80 N. The fracture load of rice kernels obtained in the view of statistics have more accurate physical meaning and was
helpful to rice process optimization and improvement of rice quality.

Keywords: drying; stress analysis; glass transition; hot air drying; rough rice; statistical analysis



