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Abstract

Changes in viscosity and dynamic rheological properties of Job's-tears were measured by Bohlin dynamic test-
er as a function of moisture, and measurement was performed within a linear viscoelastic range. The result of
the shear stress vs shear rate of Job's-tears at different moisture contents (50~75%) was applied to mathemat-
ical models and Herschel-Bulklcy model showed the highest correlation coefficient. Lower moisture content
(55%) produced higher yield stress and consistency index, but lower flow behavior index, whereas higher
moisture content showed reverse effects. Job's-tears with 50~70% moisturc contents showed a higher storage
modulus (G') than loss modulus (G") at all frequencies, showing a higher concentrated polymer characteristics.
However, higher moisture content (>75%) showed crossover point between G' and G", and frequency de-
pendency. As the moisture content was increased, the amount of viscoelastic properties such as ', G", com-
plex viscosity decreased during heating, and initial temperature and miximum valuc of viscoelastic propertics
shifted to higher temperatures, representing the moisture-dependence of Job's-tears upon rheological properties.
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Table 1. Regression coefficient (RY) values of different
models for viscosity of Job's-tears solution

moisture(%)
50 55 60 65 70 75
Bingham plastic 0.9 097 097 096 099 099

model

Casson 00 093 097 097 099 099
Moore 099 098 036 080 086 (159
Herschel-Bulkley 0.99 099 099 099 099 0.99
Power law 097 097 099 098 098 (.83
Cross 1.0 099 037 09 075 0.65
Ellis 096 075 099 099 098 0.89
Vocadlo 0.65 099 099 099 099 099

*Each model was determined as:

Bingham plastic: siress= A*shear rate+B
Casson: stress”0.5=A*shear rate”0.5+B"0.5
Moore: stress=A + (b-a)/((1+C*shear rate)
Herschel-Bulkely: stress=A+B*shear rate"c
Power law: stress=A*shear rate”c

Cross: viscosity=A+(b-a)/(1+C*shear rate”n)
Ellis shear rate=A*stress+B*stress”"c
Vocadlo stress=(e"1/A+B*shear rate)"A
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Fig. 1. Change in yield stress (A) of Job's-tears with dif-
ferent moisture contents. Herschel-Bulkely: Shear stress=
A+B*shear rate"c.
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Fig. 2. Change in consistency index (B) of Job's-tears
with different moisture contents. Herschel-Bulkely: Shear
stress=A+B*shear rate”c.
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Fig. 3. Change in flow behavior index (C) of Job's-tears
with different moisture contents. Herschel-Bulkely: Shear
stress=A+B*shear rate”c.
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Table 2. Changes in coefficients of Herschel-Bulkley
model for the viscosity of Job's-tears solution

moisture
Coefficient
50 55 60 65 70 75
A 1440 27.6 1357 146 1.03  0.066
B 1890 4823 1145 242  0.163 0.072
C 00185 0.655 057 0575 081 0.79

R2 value 0.99 0.99 (99 099 0.99  0.99

*Herschel-bulkley equ: Sher stress=A+B*shear rate”c.
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Fig. 5. Change in dynamic properties of Job's-tears
mixed with 50% moisture content. G storage modulus,
G": loss modulus, Visc.: complex viscosity. lM—M: Log
Visc, ¥—W¥: Log G'. ®—@: Log G"
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Fig. 6. Change in dynamic properties of Job's-tears
mixed with 55% moisture content. G": storage modulus,
G": loss modulus, Visc.: complex viscosity. l—M: Log
Visc, ¥—W¥: Log G', ®—@: Log G".
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Fig. 7. Change in dynamic properties of Job's-tears
mixed with 70% moisture content. G": storage modulus,
G": loss modulus, Visc.: complex viscosity. B—8: Log
Visc, ¥—W¥: Log G, 0—@: Log G".
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Fig. 8. Change in dynamic properties of Job's-tears mix-
ed with 75% moisture content at 20°C. G': storage mo-
dulus, G": loss modulus, Visc.: complex viscosity. H—M:
Log Visc, ¥—W¥: Log ', @—@: Log G".
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Fig. 9. Change in dynamic properties of Job's-tears
mixed with 50% moisture content at 40°C. G': storage
modulus, G": loss modulus, Visc.: complex viscosity. B—R:
Log Visc, ¥—W¥: Log ', @—@: Log ("
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Fig. 10. Change in dynamic properties of Job's-tears
mixed with 75% moisture content during heating. It
was measured at 0.1 Hz frequency and 0.5 Pa torque.
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Fig. 12. Change in dynamic properties of Job's-tears
mixed with 85% moisture content during heating. G"
storage modulus, G": loss modulus, Visc.: complex viscos-
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