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Abstract 

 In this study, the performance of temperature control microwave closed system (TCMCS) assisted with 
fluid sealed stirring device was described. The performance of modified microwave closed system were assessed by 
calorimetric methods before modification, after modification without stirring system and after modification with 
stirring system were explained in detailed. The result of % microwave powers absorbance of TCMCS with fluid 
sealed stirring device is 92.04% as compared to 92.04% for without stirring system at 700Watt. The standardized 
coefficient (ß) test shows that the stirring system is an important factor in the uniformity of the heat distribution in 
the microwave system.  Regression analysis of R2 observed the quadratic model of TCMCS with fluid sealed stirring 
device is a good model as compared to TCMCS without stirring system. The volume rate of heat generation in each 
microwave power level and different solvent was calculated and it was concluded that the result of TCMS at 700 
Watt and water is higher due to longer pulse period and high dielectric properties respectively. 
 

I. Introduction
Microwave oven consists of three major 

components: the sources, the transmission lines and the 
applicator. The source generates the electromagnetic 
radiation and transmission lines deliver the 
electromagnetic energy from source to the applicator. In 
the applicator, the electromagnetic energy is either 
absorbed or reflected by the material. The applicator is 
critical to microwave heating because the microwave 
energy is transferred to the materials through the 
applicator. Multi mode applicators are used for designing 
domestic microwave oven. It is usually much larger than 
one wavelength. The presence of different modes results 
in multiple hot spots within the microwave cavity 
(Lovas, et al. 2011). Non-homogeneous energy 
distribution in the cavity will create non-uniform heating 
(Drouzas et al., 1999). Continuous microwave irradiation 
causes the heating temperature to raise uninterrupted and 
consequently, results from burning or overheating. Thus, 
more uniform heating within the smaller multi-mode 
oven is the choice. Another technique to improve the 
uniformity is through stirring system. Even microwaves 
with exceptionally good heat patterns, it’s still have hot 
and cool spots were stirring system will minimize the 
variation.  

Thus, the objective of this study is to investigate 
the performance of temperature controlled microwave 
controlled system (TCMCS), which is developed by 

modification of small cavity of domestic microwave 
oven and append with fluid sealed stirring device. The 
efficiency of TCMCS before and after modification, also 
with and without stirring system was studied properly to 
know the mechanism of microwave power distribution of 
each microwave pulse level and to investigate the rising 
temperature uniformity, in fact of stirring system. 
Consequently, the volume rate of heat generation in each 
microwave power level was determined to support the 
system efficiency. 
 

II. Material And Methods 
2.1 Microwave Oven Modification 

Figure1. shows the schematic diagram of the 
modification cavity details of Haier domestic microwave 
oven model: EA 180M used in this study. The 
temperature control microwave extraction system 
assisted (TCMCS) with fluid sealed stirring device 
comprises a domestic microwave, a quart glass wider 
neck vessel, two neck socket lids, Y-type connecter, fluid 
sealed stirring device made by Teflon, and a capillary 
thermometer probe.  
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Figure 1: 3D diagram of experimental setup of temperature 

control microwave closed system 
 
2.2 Conversion of Microwave Energy into Heat 

The thermal properties of materials are also an 
important factor in the study of microwave heating. As a 
material is heated by microwaves, the mass heat capacity 
(Cp) of the microwave absorbing material is required to 
determine the amount of energy absorbed by the 
material. The mass capacity is the quantity of heat 
required to raise the temperature of a given mass by 1ºC. 
The energy absorbed produces a rise in temperature, ∆T. 
If a quantity of energy delivered for a unit of time (P) 
absorbed by a substance (power density) in the 
microwave cavity may be expressed in the following 
relation (Kingston and Jessie, 1988).The following 
equation (1.1) is used to calculate the energy 
requirements: 

iipabsorbed mCK
t

T
P ∑×∆= ,       

                       (1.1) 
where: 

P =  the apparent power absorbed 
by the sample in watt (W) (joule/sec) 

K = the conversion factor for 
thermochemical sec-1 to watt (K=4.184) 

Cp = the heat capacity, thermal 
capacity or specific heat [cal/(g*°C)] of    

water (heat capacity of water 
at 25°C is 0.9997) 

m = the mass of the water sample 
in gram (g) 

T = the final temperature minus 
the initial temperature (°C)  

t = the time in seconds (s) 
 

The one-dimensional unsteady state heat conduction 
equation with heat generation may be used to describe 
microwave heating of material (Taher and Farid, 2001) 
undergoing to the materials as shown in equation 2.15: 
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where 

mixρ = bulk density of dope solution (gm.cm-3) 

mixpC ,  = specific heat capacity of mixture of 

material (cal.g-1.0C-1) 

t

T

∂
∂     = raise of temperature due to 

microwave radiation (0C.sec-1) 

mixσ     = thermal conductivity of mixture of 

material (cal.cm-1. 0C-1)  
y = location of sample 

 
Equation (1.3) comprises of three terms, 

convective heat transfer, radiation heat due to microwave 
and conductive heat in the sample respectively. The 
effect of radiation is very small as well as the convective 
term, since the sample container (glass) has a low 
dielectric constant. Therefore, it’s in heat generation 

MWq  (cal/sec cm3) is assumed to be negligible. The 

volume rate of heat generation with respect to rate of 
temperature rise (0C.sec-1) would be given by equation 
1.3:: 

dt

dT
Cq mixpmixmw ,ρ=

    

              
(1.3) 

MWq is a constant depending on the electric field and 

mobility of the materials at fix location. 
 
2.3 Statistical and Analysis Data 

Standardized coefficients or beta (ß) and the 
mean values of the data from each system were 
compared using one-way analysis of variance (ANOVA) 
using SPSS ver. 16.00. P-value of less than 0.05 was 
considered significant. Regression quadratic was used to 
correlate the relationships between rising temperature 
and stirring system using Microsoft Excell 2003. 

 
III. Results And Discussion 

3.1 Calibration of Microwave Power  
Prior to oven modification and after 

modification, the microwave power absorbance of each 
microwave power level was conducted. This was carried 
out to obtain the actual power output since the power 
absorbance may differ from the value stated by the 
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manufacturer. The microwave power output for each 
microwave setting was determined calorimetrically. 
Accurate power measurement is based on a calorimetric 
method that depends on heating a known amount of 
water for a certain amount of time. Table 1.1 depicted 
the power distribution of magnetron for each pulse.  

Upon assembling the setup as shown in Figure 
1., the measurement of % absorbance of microwave 
output before modification, after modification with and 
without stirring system was performed using Equation 
1.1. In all the tests, the output power was noted at low 
(140 watts) to high pulse (700 watts). The amount of the 
sample used in this experiment was same as mentioned 
above with the initial temperature 28°C + 2. To measure 
the microwave output after the modification with stirring 
system, water was continuously stirred at 200rpm and the 
final temperature was read.  % of absorbance was 
calculated using the same calorimetric method as 
mentioned above. Table 1.2 shows the microwave power 
output for each microwave power setting before and after 
modification. The table observed the maximum output 
power of the existing microwave oven to be 661.92 
watts, which is 94.56% of nominal value of 700 watts. It 
was also observed that, the rates of rising temperature 
were decreased at when the water almost reached the 
boiling points. The occurrence is due to the decreasing 
dielectric properties of water with regards to temperature 
increase. Moreover, the minimum microwave output 
power was found to be 72.01% at the low power level 
which is 100.8 watts of nominal value of 140 watts. The 
heat loss of 140 watts power level due to longer off 
period as can see in Table 1.1 where the rest time of 140 
watts was 53 sec as compared to 280 watts, 420 watts, 
560 watts and 700 watts, which show 51, 37, 23, 8 and 0 
sec out of 60 sec of the complete cycle respectively. 

Table 1.2 also revealed that after microwave 
modification, the results of microwave power absorbance 
are lower than before modification. The measurement of 
microwave powers absorbance before oven modification 
was performed in the reaction vessel closed with glass 
plate but after modification, it was carried out with the 
complete set system as shown in Figure 1.  The high 
dimension of a complete set of TCMCS was influenced 
the heating rate of water. In addition, the instrument of 
the complete system absorbed microwave energy to a 
certain degree based on the value of the dielectric loss 
factor depends on the material. In this study, quartz was 
the use as material of the reaction vessel was categorized 
as low dielectric loss material but microwave still pass 
through with little, if any attenuation (Rahmat, 2002).  
Overall, the microwave power absorbance shows linear 
behavior according to ascending microwave power level 
of microwave before and after modification and with and 
without stirring system. As observed, the rising 

temperature of the water increase linearly with the 
increased of exposure time. Similar finding was reported 
by Jemaat (2006) who studies the relation between the 
microwave exposure time and the temperature of the 
sample at various water-oil ratios. 
 

Table 1.1: Domestic microwave oven power 
distribution 

 
 

Table 1.2: Calibration of TCMCS before modification, 
after modification with and without stirring system to 

heating the water (500g) at 28+ 1 oC 

 
 

3.2 Stirring System Efficiency 
3.2.1 Percent (%) Absorbance of Microwave 
Output 

Based on the % absorbance readings Tabulated 
in Table 1.2, Figure 2 was plotted to present the relation 
between stirring system efficiency with microwave 
output at each level. The experimental results as 
illustrated in Figure 2 shows the output power of the 
microwave oven after modification with and without 
stirring system is to be 92.33% and 92.04% of nominal 
value of 700 watts respectively. The results revealed that 
after microwave modification the % of absorbance of 
TCMCS with and without stirring system are 7.67-
32.05% and 7.96-32.48% respectively; lower than before 
modification, which shows 5.44-27.99% of absorbance 
and also with the actual microwave power setting given 
by manufacturer. This is attributed that after the 
modification, the microwaves might be having some 
leakages; however, the microwave leakage detector 
showed the microwaves in safe mode. Give another 
reason like surface area of complete system and 
dielectric properties of each material involved in the 
complete system like stirrer, reaction vessel and 
condenser. 
As can be observed in Figure 2, the result of % 
absorbance of the microwave oven after modification 
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without stirring system was lower than with stirring 
system. This is attributed by the design of the domestic 
microwave oven itself. Domestic microwave ovens are 
designing with multi-mode system. The presence of 
different modes results in multiple hot spots within the 
microwave cavity. A hotspot is a type of thermal 
instability, which arises because of the non-linear 
dependence of the electromagnetic and thermal 
properties of the material (Kelen et al., 2006). In order to 
get uniform heating of domestic microwave, the 
materials should be stirred to increase uniformity of the 
sample where the stirring system tends to even out the 
temperature caused by uneven heating. Kovachs et al. 
(1998) shows that mode stirrer provides some 
improvements in the field uniformity within hot and cold 
spots, which resulted higher % of absorbance where 
cannot be reached without stirring system.  

Based on Figure 2, the rising temperature of the 
water was increased linearly with the increased of 
exposure time ascending to microwave power level of 
microwave before and after modification with and 
without stirring system. The rate of rising temperature 
for each examination was dependent on the radiation 
time used in each power level. Overall result shows at 
700 watts, the % of absorbance was quite high as 
compared to other power levels. In this level, the rate of 
the temperature increase is high because of continuous 
pulse without rest time. However, according to Bicerano 
(2002), higher pulse level making it more difficult for 
dipoles to align in the direction of an applied electric 
power field on amorphous polymer. But that finding not 
applicable for water because of it was high in dielectric 
properties and polarity.  
 

 
 

Figure 2: % absorbance of microwave output before 
modification, after modification without stirring system and 
after modification with stirring system to microwave power 

level 
 
3.2.2 Standardized Coefficients or BetaTest 

The direction of the relationship between 
dependent and independent variables can be determined 
by looking at the regression coefficient associated with 
dependent variables. There are two kinds of regression 
coefficients: B (unstandardized) and beta (standardized). 
The B associated with each variable is given in terms of 
the units of the variable. The beta uses a standard unit 
that is the same for all variables in the equation. Beta 
values are useful to compare two variables that are 
measured in different units. Values fo r standardized and 
unstandardized coefficients can also be derived 
subsequent to either type of analysis. But in many cases, 
we need to standardize the coefficients in order to make 
comparisons. Because a regression carried out on 
standardized variables produces standardized 
coefficients. 

If the regression coefficient is positive, then 
there is a positive relationship between variables.  If this 
value is negative, then there is a negative relationship 
between dependent and independent variables. Thus, the 
more specifically determine the relationship between 
dependent and independent variables by looking at the 
beta coefficient (Beta/ß).  Standardized coefficients or 
beta are the estimates resulting from an analysis carried 
out on independent variables that have been standardized 
so that their variances are 1. Therefore, standardized 
coefficients refer to how many standard deviations a 
dependent variable will change, per standard deviation 
increase in the predictor variable. In addition, 
standardized beta coefficient also can be used to compare 
the strength of the effect of each independent variable on 
the dependent variable. The independent variable with 
the largest standardized Beta (independent of the sign) 
has the strongest effect.  

The multiple linear regression analysis findings 
out of the original (unstandardized) variables produce 
unstandardized coefficients, which are presented in Table 
4.5. Without stirring system, the rising temperature for 
every 20 sec on distilled water (β=0.230) was 
significantly associated (p<0.05) with positive 
correlation. The stirring system (β=0.304) had a positive 
correlation (p<0.05) with the rising temperature. The 
result before modification is not significant (p<0.05) and 
it can be clear observed in Table 4.6. From this result, we 
can conclude that the stirring system was very important 
in the microwave process as compared to other factor 
parameters.  

This result was shows that the stirring system is 
an important factor in the uniformity of the solvent in the 
microwave system. According to Kovach et al., (1998), 
mode stirrers and moveable platforms provide some 
improvements in the field uniformity. The electric field 
in a microwave oven can become nonhomogeneous after 
extended use, but by using stirring system the hot spots 
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and cold spots present in the irradiation chamber can be 
easily homogenized. Therefore, in future experiment, the 
stirring system was applied in the extraction process 
because of it believed that during the extraction the 
uneven heat production is equilibrated, and extraction 
reproducibility is improved by stirring system. 
 

Table 1.5: Model summary of extraction effect between 
system and temperature                                 difference 

increased for every 20 secs. 

 
 
3.2.1 Heating Mechanism of TCMCS under 

Different Condition 
3.2.1 The Influence of Stirring System 
 Figure 1.3 presents of a heating mechanism of 
TCMCS before and after modification; with and without 
stirring system. Temperatures of all conditions were 
measured across the vertical mid-plane of the reaction 
vessel. In this study, the TCMCS performance assisted 
with fluid seal stirring device were investigated at the 
full microwave power level (700 watts)and the 
temperature of water was recorded from the microwave 
oven at 60 sec, 120 sec, 180 sec, 240 sec, 300 sec, 360 
sec, 420 sec, 480 sec, 540 sec and 600 sec. The 
temperature measurements were made using the type-K 
thermocouple probe connected to a digital meter.  

Generally, Figure 1.3 indicates that the 
temperature increased with respect to increased of 
exposure time. In the first 240s of microwave radiation, 
the temperature was increased before become constant 
when reached the boiling points led by the microwave 
which is after modification with stirring system, followed 
by before modification and after modification without 
stirring system. At 600 seconds microwave radiation, 
microwave after modification with stirring system 
achieved the highest temperature of 105⁰C, while the 
lowest temperature recorded was 97⁰C, indicated by after 
modification without stirring system. In this study, the 
temperature was reached well above the boiling point of 

the solvent because the system was categorized as closed 
vessel. 

The temperature elevation is very much 
dependent on the non-uniform heating due to ‘hotspot’ 
formation phenomenon in microwave cavity 
(Kriegsmann and Varatharajah, 1993). This thermal 
uncertainty ascends because of the creation of standing 
waves within the microwave cavity results in some 
regions being bare to higher energy than others (Jones et 
al., 2002). Therefore, stirring system is an important 
factor in the control, or the utilization of this hotspot 
phenomenon especially in liquid form inside the reaction 
vessel as shown in this study. 

 
Figure 1.3: Rising temperature of TCMCS before 

modification, after modification without stirring system and 
after modification with stirring system to radiation time 

Figure 1.4 shows the heating rate of TCMCS 
before and after modification with/without stirring 
system. The heating rate was calculated by divided 
temperature increasing with microwave irradiation time. 
Results in Figure 1.4 show that the correlation of heating 
rate was inversely proportional with radiation after 
60sec.The trends of heating rate in those three conditions 
also began constant at 300s. The increasing of heating 
rate at the first 60 sec shows that microwave having a 
rapid heating especially for water which is highly polar 
solvent. Then the heating rate was reduced consistently 
until reaching a boiling point at 300 sec. From the result, 
we can conclude that the temperature increase was 
reflected to declining of dielectric properties of water. 
Water has a non-symmetric molecule which induces a 
temporary dipole movement inside the dielectric and 
generated a heat in the presence of an external electric 
field. When the temperature was increases in the matter 
of radiation time, the dipole rotation, alignment in the 
microwave field and dielectric of water decreases, which 
affected the ability of water to absorb microwave energy.  
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Figure 1.4: Heating rateof TCMCS before modification, 

after modification without stirring system and after 
modification with stirring system to radiation time 

 
In order to study the heating mechanism of 

modified TCMCS with and without stirring device, the 
relation of microwave power with respect to pulse and 
rest time on rising temperature of the water during 
heating at each microwave power level was analyzed 
respectively. In this study, the estimations of the 
regression coefficients of all models were done using 
Microsoft Excel 2003. Linear and quadratic graph was 
plotted in respect of rising temperature in every 20 sec 
and the figures with and without stirring system at each 
power level from 140 watt to 700 watt. The results of the 
regression analysis were tested for R2 value will give 
some information about the goodness of fit of a model 
were summarized at Table 4.6. R2 was used to 
statistically measuring of how well a regression line 
approximates real data points. R2is a descriptive measure 
between zero and one, indicating how good one term is 
at predicting another where R2 of 1.0 indicates that the 
regression line perfectly fits the data (Himmelblau, 
1970). In this topic, the microwave oven before 
modification was not studied because the rising 
temperature for every 20 sec are not significant at 
(P<0.5) as shown in Table 1.6.  

The TCMCS performance for the water in 
without stirring and with stirring system under 
microwave irradiation was shown in Table 1.6 at 140, 
280, 420, 560 and 700 watts, respectively. In this study, 
the quadratic model is the best prediction model which 
actual data can fit the model as compared to linear 
model. The quadratic model observed that the 
interactions between temperatures different of every 20 
sec are strongly affecting the length of pulse of 
microwave power. It was observed that the temperature 
difference (∆T) of water was rising gradually according 
to irradiation time as per microwave power enhancement, 
even though without stirring device. But the 
enhancement of temperature profile is not uniform for 

the water sample without stirring device as can be 
observed from the plot. The table also revealed that 
during the first 20 sec. of radiation, fluctuations occurred 
for all the pulses, due to many variables such as the 
alignment of the polar and dipolar molecules oscillation. 
A physical distribution of the solution shows a 
significant temperature fluctuation by polar groups. 
However after this duration, the rates of temperature 
increase remain almost constant. 
 

Table 1.6: Regression coefficient model for with and 
without stirring system 

MW Linear model (R2) Quadratic model (R2) 

Power Without With Without With 

140 0.03 0.08 0.692 0.704 

280 0.437 0.725 0.684 0.874 

420 0.675 0.875 0.718 0.886 

560 0.665 0.797 0.711 0.893 

700 0.628 0.738 0.811 0.901 
 
Table 1.6 was also shows the quadratic model of 

TCMCS with stirring system is a good model as 
compared to TCMCS without stirring system. From these 
result, we found that the rising temperature  could not be 
eliminated by mechanical stirring system  since the 
stirring proved to be efficient method for less viscos to 
highiest viscos materials to heatup the sample inside 
microwave cavity. The enhancement of temperature 
difference profile significantly uniform at presence of 
stirring device, solvent-free or dry media reactions and 
for very viscous or biphasic reaction systems where 
standard magnetic stirring is not effective. 

In addition the stirring device of TCMCS, 
surprisingly was uniformed the temperature gradients on 
heating water inside a common double-mode microwave 
with various microwave power. In order to verify the 
influence of stirring system, a similar experiment was 
performed by Herero and co worker to heat a sample of 
N-methylepyrrolidone (NMP) using the microwave 
system assited with magnetic stirring  setup (Herrero et 
al., 2008).  They shows insignificant heating results and 
cocluded that if capable stirring/agitation cannot be make 
sured, temperature gradients may develop as a 
consequence of inherent field inhomogeneities inside a 
single-mode microwave cavity.  

From the result of quadratic model of the 
system, the TCMCS after modification with stirring 
system, at microwave power of 700 watt revealed a good 
model followed by 560 watt, 420 watt, 280 watt and 140 
watt. As can be observed in Table 1.1 the average of 
pulse time for 700, 560, 420, 280 and 140 watt is 60 sec, 
52 sec, 37 sec and  9 sec out of 60 sec of complete cycle 
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respectively. It shows the microwave pulse time length 
influences the water heating. It is suggested that of long 
pulse time period at high power level increase the water 
reached up the boiling points as compared to short pulse 
at lower power level. 
3.2.2 Volume Rate of Heat Generation 

The volume rate of heat generation of TCMCS 
before and after modification also with and without 
stirring system was calculated based on equation 1.1. The 
heat generation is directly related to the rate of 
temperature increase, density and heat capacity of the 
sample. Figure 1.5 illustrates the volume rate of heat 
generation of water relative to microwave radiation time 
at 700 Watts of microwave power. In this study, 700 
Watts was chosen as consequences of the result in 
previous section were in this power level, its shows a 
best regression model as compared to other models.  

Figure 1.5 illustrates that the volume rate of heat 
generation was influenced to TCMCS before and after 
modification also with and without stirring system. In 
general, the increasing order of volume rate of heat 
generation is as follows: before modification<after 
modification without stirring system<after modification 
with stirring system. This figure depicted the general 
trend shows the decrease of volume rate of heat 
generation as a function of temperature, except in the 
early experimental starts (60 sec). At the first 60 sec. of 
microwave radiation, the volume rate of heat generation 
increased rapidly. As the exposure time was increased 
further, the volume rate of heat generation decreased and 
in certain cases move towarded planteau condition.  

The decreasing of heat generation within 
radiation time is due to the decreasing dielectric 
properties of solvents with regards to temperature 
increase. The polarity of solvent decreses with increasing 
temperature, which resulted decreasing of the ability of 
water to absorb microwave energy and affected the 
dipole rotation and alignment in the microwave field. 
The dielectric property which is attributed to the solvent 
polarity is dependent on mobility of the dipoles within 
the structure (Rahmat, 2002). The dielectric properties 
which are affected the ability of samples to absorb and 
dissipitate the microwave energy are influenced by 
heating temperature (Eskilsson and Bjorklund, 2000; 
Chan and Chen, 2002; Saound, 2004). In general, the 
ability of material to dissipitate energy changes in the 
property of the material changes (Jemaat, 2006). 
 
  
 

 
Figure 1.5: Volume rate of heat generation of TCMCS to 

microwave radiation time 
 

IV. Conclusions 
In this study, the new concept of temperature 

controlled microwave closed system (TCMCS) equipped 
with a fluid seal stirrer was successfully built up and 
calibrated. After the calibration process, results were 
revealed the excellent of each microwave power 
absorbance at all power levels. The power absorbance 
performances of TCMCS with stirring system were much 
closed to the actual microwave power as compared to 
without stirring system. In addition, the fluid seal stirring 
system was found as an important factor to increase 
uniformity of absorption of electromagnetic energy in the 
water which reflects to TCMCS efficiency based on % 
microwave power absorbance and standardized 
coefficient (ß) regression analysis results.  
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