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Thesis Summary (approx.800 English Words )

Fiber Reinforced Plastic (FRP) has gained attention because their high specific strength. Well-
known applications are those that require lightweight materials with high mechanical properties, e.g.,
airplanes or automobiles. On the other hand, FRP is also widely used in chemical industry due to its
high chemical resistant properties and ease of construction. Typical FRP chemical tank service
lifetimes are expected to be 10—25 years. However, some accidents have been reported where the
FRP chemical tank containing 35 mass% HCl has failed at a roof. These failures have occurred within
a much shorter time period than the expected service life. The roof failure mechanism is still difficult
to explain by isothermal condition. In normal operation, FRP composites are inevitably exposed to
changing environmental conditions. These conditions usually involve large variations in temperature
which could result in a dynamic solution condition in the vapor phase. Hence, more comprehensive
study of material under wide range of temperature is important to extend knowledge of material
failure.

“Chapter 1. Introduction” describes the background of this research with the knowledge on FRP
material. The purpose of this research is (1) to prove that roof material is weaker than walls and
bottom, (2) to prove that dynamic solution condition can accelerate material failure in the vapor
phase, (3) to suggest the roof failure mechanism and (4) to propose life time prediction method for
material under dynamic solution condition

“Chapter 2. Investigate of FRP Chemical Tank” describes the methodology to analyze FRP chemical
tank. Used FRP storage tank which was investigated. Strength of roof material is 50% lower than the
standard suggestion and also lower than walls and bottom materials. Chloride element is detected in
roof material but calcium is disappeared. Microvoids and cracks are observed near surface inside the
specimen.

“Chapter 3. Study of Material Property Under Isothermal Condition and Cyclic Solution
Temperature” aims to clarify the effect of isothermal condition and cyclic solution temperature.
Specimen is exposed to water, H,SO4 and HCI at various temperatures. The rate of mass uptake of
specimen increases with increasing solution temperature. Strength of material in liquid phase of 35
mass% HCI under isothermal condition is lower than the vapor phase which is contracted to the roof
failure of FRP chemical tank. Surprisingly, strength of specimen exposed to the vapor phase of 35
mass% HCI under cyclic solution temperature decreases lower than the liquid phase. Microvoids and
cracks are observed in the white layer near surface inside the specimen exposed to the vapor phase
under cyclic solution temperature which is also found in roof material of FRP chemical tank.
“Chapter 4. Study of Material Property Under Dynamic Solution Condition” focuses on the effect of
temperature gradient, concentration gradient and cyclic solution concentration on material property.
Strength of specimen exposed to 35 mass% HCI at 20°C and 50°C is 50% decrease in 4 weeks.
Combining concentration gradient with temperature gradient can further accelerate the failure of
material. In addition, specimen is immersed into two different chemical solution concentrations at
40°C. The result of mass uptake shows that after specimen is exposed to 35 mass% HCI and
immersed into water, the rate of mass uptake is significantly increased. Crack and microvoid can be
observed from the surface. Strength of material is slightly decrease to 20% of initial strength in 30
days. H,SO, solution is also examined, however the strength of specimen does not affect. Depth of




crack increases with increasing exposure time. From these results, it can be seen that the effect of
cyclic solution concentration plays an important role to accelerate the failure of material. When
solution temperature increases, the concentration of HCI in the vapor phase is relatively high. When
temperature of FRP chemical tank decreases lower than dew temperature, HCI and water in the vapor
phase is dew at ceiling. After roof is heated by sunshine, HCIl can easily evaporate resuling in
concentration gradient. This phenomenon may take place every day during day/night time which can
gradually decrease the material performance of roof material.

“Chapter 5. General Conclusion” concludes the main purpose of this study. FRP chemical tank
analysis indicates that roof material is more damage than walls and bottom. Isothermal condition
experiment cannot be used to explain the failure of material in the vapor phase. However, cyclic
solution temperature experiment shows that strength in the vapor phase more damage than the liquid
phase. Temperature and concentration gradients experiment can accelerate the failure of material.
Cyclic solution concentration shows that it can significantly decrease material performance. Color
change and cracks are observed during specimen is immersed into water after 35 mass% HCI. Life
time prediction of material exposed to cyclic solution temperature is analyzed. From the equation,
the decreasing tendency of strength has a good agreement with the experiment data which is analyzed
from many used FRP chemical tank.

i FRSCEEIX, FA3C 2000 52 & BE3C 300 7 A 1 ERT O S0 b L UFBEIC 800 7EA 1 EHEHI L TS 72 &0y,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

R RSUERE, RLKRV—FURTN (T2R)ICTAU H— Ry MARSNET O T, AR FEERFIHONE TERL TES 0,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).



