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Abstract

The objective of this study was to develop formulations and  avors of wine fermented with mint 
leaves to meet consumer preferences. The experiment was divided into two phases. In the  rst 
phase, suitable fermentation conditions for wine production were investigated. The experimental 
design was created using a Central Composite Design (CCD) from the Response Surface 
Methodology (RSM) software. Two independent variables were studied: sugar content (oBrix) 
and fresh mint leaves weight (g/600 ml). Two levels, low (-1) and high (+1), were de  ned for 
each factor using a two-level factorial design. A total of 14 experimental sets were conducted, 
and various parameters were measured every 3 days for 15 days. Sample 4, which used 75 g 
of fresh mint leaves and started with a sugar content of 22 oBrix, exhibited the highest alcohol 
content at 9.15 % and 10 oBrix. Sample 4 was therefore deemed suitable for further investigation 
in phase 2, which focused on studying the sensory acceptance of consumers towards wine 
fermented for 0 - 2 weeks and had its sugar content adjusted to 10, 12, 14, and 16 oBrix after 
2 weeks of fermentation. The samples that underwent a 2-week fermentation period and 
had their sugar content adjusted to 12 oBrix showed the highest overall preference scores.

Keywords: Wine; Mint Leaves; Aged Wine

1 Faculty of Interdisciplinary Studies, Khon Kaen University, Nong Khai Campus
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Introduction

At present, the alcoholic beverage industry in Thailand is experiencing a slow growth. 
Alcoholic beverages with the highest consumption and market value are beer, accounting for 
72.2 % of the total alcoholic beverage consumption, followed by spirits (25.9 %), and wine 
(1.0 %). It has been observed that although the wine consumption rate in Thailand is still 
relatively low, there is a continuous upward trend [1]. This has led to a signi  cant number of 
wine products entering the market. While most foreign wines are produced from grapes, 
Thailand produces various types of wine mainly from di  erent types of fruits. Only a small 
proportion of wines are made from herbs [2]. Surojanametakul, V. and Karuwanna, P. [3] 
produced herbal wine from herbal plants including mint, ginger, lemongrass, bael fruit and 
ka   r lime. Thailand imports a signi  cant quantity of wine. Wine production, therefore, o  ers 
an alternative for processing and adding value to local products. The overall quality of herbal 
wine is determined by its clarity, color, aroma, and accepted taste. When physically examined 
using testing methods, each characteristic must score an average of at least 60 % from all testers, 
with no individual characteristic scoring less than 30 % of the maximum points. Adulteration 
with non-original ingredients and visible bubbles due to repeated fermentation are not allowed.
 The Community Product Standard for Herbal Wine (MoPCh.31/2546) [4] de  nes 
herbal wine as a type of distilled alcoholic beverage that is produced by processing herbal 
ingredients. Herbal wine should have an alcohol content not exceeding 15 degrees per 
100 milliliters by volume. 
 Mint, scienti  cally known as Mentha cordifolia Opiz, is a local herb commonly found 
in Thailand. It belongs to the Lamiales order of the Lamiaceae family. It is a low-growing 
plant with soft, short hairs covering all parts of the stem. The stem is square-shaped, with 
green-purple-brown coloration. The leaves are wide, oval-shaped, and have an opposite 
arrangement on the stem. They are smooth on the surface, have short stalks, rounded tips, and 
serrated edges and measure 1.5 - 2.5 cm in width and 2 - 3 cm in length. The  owers are 
arranged in clusters that arise from leaf axils. One of its distinctive features is its refreshing 
and cool aroma, attributed to the presence of menthol oil [5]. It has a taste similar to lemongrass, 
lime, and alcohol [6]. As a result, mint is used as an ingredient in various food products, such 
as ice cream and herbal hot and cold teas. It is also mixed with other herbs in dishes, fresh 
fruits, desserts, and wine [7]. Picard, M., Franc, C., Revel, G., and Marchand, S. [8] stated that 
mint contains important compounds, such as monoterpenes, which can in  uence the aroma of 
wine. The addition of mint to wine ingredients results in a minty aroma that enhances consumer 
preference. Martín-Garcia, A., Abarca-Rivas, C. Riu-Aumatell, M., and López-Tamames, E. [9] 
emphasized that aroma is a crucial qualitative parameter for wine. They identi  ed more than 
60 compounds from various chemical classes, including esters, alcohols, terpenes, furans, 
norisoprenoids, and fatty acids. Volatile evaluations over time revealed a signi  cant 
relationship between furans and aging.
 Herbal wine fermentation present various challenges, such as o  -tastes, undesirable 
colors or odors, low alcohol content, and sweetness [7]. Therefore, the objective of this study 
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was to  nd the appropriate conditions for fermenting wine from mint leaves and stems to 
achieve the standard alcohol content of 7 - 15 degrees, which is the standard for industrial wine 
products [2]. Additionally, the study aims to enhance the value of mint and add uniqueness to 
Thai beverages.

Materials and Methods 

 1. Studying the Suitable Conditions for Wine Fermentation
  The Central Composite Design (CCD) experimental design from the Response 
Surface Methodology (RSM) was employed to study two independent variables: sugar content 
(oBrix) and the weight of fresh mint per 600 ml. Each parameter was de  ned at two levels 
(two-level factorial design): the lowest (high; -1) and the highest (low; +1) values, as shown 
in Table 1. The minimum sweetness level was set at 16 and the maximum at 22 oBrix, based 
on sweetness levels reported in wine fermentation [10]. This range was chosen to avoid 
excessive yeast growth and to consider cost-e  ectiveness.
  The minimum weight of fresh mint was set at 25 g and the maximum at 75 g. 
These values were based on a 1:12 ratio (g/ml) of mint from a report published by 
Karuwanna, P. [7]. The total number of experimental sets to be conducted was calculated using 
Equation (1), resulting in a total of 14 experimental sets. The detailed experimental design is 
presented in Table 2.

Number of Experimental Sets (N) = 2^n + (2 x n) + 6 ………………….. (1) 

  Where
     N = the number of experimental sets
     n  =  the number of independent variables

Table 1 The independent variables in the CCD for  nding the suitable conditions for wine 
  fermentation

 Factor Name Coded Low ( -1) Central (0) Coded High ( +1)

 A Sugar content (oBrix) 16 19 22
 B Mint content (w/v) 25 50 75

  The fresh mint leaves were sorted and cleaned before being weighed according to 
the experimental sets and blended with 400 ml of clean water. The sugar content was measured 
using a hand refractometer, and adjusted to the desired level for each experimental set by 
adding sugar, following the Pierce-Square method [11]. The pH was then adjusted to 3.4 - 3.5 
using 0.1 NaOH and 0.1 M citric acid. Subsequently, (NH4)2HPO4 was added to achieve a 
concentration of 0.003 %, and the volume was adjusted with distilled water to reach 600 ml. 
The mixture was pasteurized at 100 oC for 5 min and poured into a fermentation tank. 
Dry yeast, Saccharomyces cerevisiae K1V-116 (1016-02), were prepared in a ratio of 0.3 g 
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per 1 liter of sample and added to the fermentation tank. The fermentation tank was sealed 
with an airlock and incubated at room temperature (25 - 30 oC) for 15 days. The parameters 
were then recorded throughout the fermentation process by collecting 5 ml samples on days 
0, 3, 6, 9, 12, and 15. The sugar content, alcohol, acidity, and pH levels were analyzed to 
determine the optimal fermentation conditions for the next steps.

Table 2  The parameters designed using the CCD method within the RSM program 

 
Treatment

 Mint content (g/600 ml) Sugar content (oBrix)
  or 4.16 - 12.5 % (w/v) 

 1 25 16
 2 75 16
 3 25 22
 4 75 22
 5 31 19
 6 69 19
 7 50 16.73
 8 50 21.27
 9 50 19
 10 50 19
 11 50 19
 12 50 19
 13 50 19
 14 50 19

 2. Study of Wine Maturation at Di  erent Times
  The optimal conditions determined from the previous experiments were used. A clear 
solution was separated from the mixture,  ltered through a  ne white cloth. Wine sedimentation 
was settled by adding an 8 % bentonite solution at a rate of 6 ml per liter. The solution was 
then stored at temperatures ranging from 4 to 15 oC for 2 days. Afterward, the clear solution 
was separated and clari  ed using aseptic techniques, and then  ne-  ltered using a WHATMAN 
membrane  lter Nylon 0.2 um, 47 mm in diameter. The clari  ed wine was then bottled, sealed, 
labeled, and matured at 15 oC for 0, 1, and 2 weeks. The wine samples from each week of 
maturation were tested for sensory acceptance by 30 consumers. Additionally, sugar content, 
alcohol, pH, and acidity levels were analyzed in 3 replicates of each sample at 0, 1, and 2 weeks.
 3. Parameter Analysis
  The alcohol content (%) of the wine was estimated using chemical equations, 
and the results were expressed as a percentage (V/V). A graph illustrating the relationship 
between time and alcohol content was created.
  Sugar content (oBrix) of the wine was analyzed using a hand refractometer, and 
the results were recorded. A graph illustrating the relationship between time and sugar content 
was created.
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  pH values were measured using a pH meter (Mettle brand, Five Easy model, United 
States), and the results were recorded. A graph illustrating the relationship between time and 
pH values was created.
  Citric acid content in the wine was analyzed using a titration method with 0.1 N 
sodium hydroxide solution [12], and the results were recorded. A graph illustrating the 
relationship between time and acid content was created. 
  Sensory evaluation was performed on 30 general consumers, including university 
students and sta   from Khon Kaen University, Nong Khai Campus. Consumer acceptance was 
assessed using a 9-Point Hedonic Scale, where 1 indicated 'dislike extremely' and 9 indicated 
'like extremely.' The characteristics evaluated included appearance, color, odor,  avor and 
overall preference. The evaluations were conducted in a laboratory under white light.
 4. Statistical Analysis
  The parameter values were expressed as means ± standard deviations. Variance 
analysis was performed using Analysis of Variance (ANOVA) at a 95 % con  dence level. 
Di  erences in means were analyzed using Duncan's Multiple Range test with the SPSS Windows 
Version 28 statistical software.

Results and Discussion

 1. Suitable Conditions for Wine Fermentation
  The parameter values analysis, including sugar content (oBrix), alcohol content (%), 
acidity (g/100 ml), and pH in the 14 wine treatments during the fermentation process on days 
0, 3, 6, 9, 12, and 15 are shown in Figure 1. An increase in alcohol content was observed 
from day 0 to day 7 in all experimental sets, after which the slope began to decrease from day 
9 until day 15 (Figure 1(a)). This trend correlated with the sugar content, which continuously 
decreased from day 0 to day 7, after which the slope remained constant from day 9 until day 
15, as depicted in Figure 1(b). The experimental set 4 had the highest alcohol content, which 
was 9.15 %, followed by experimental set 7, with an alcohol content of 8.15 %. Both of these 
sets had remaining sugar content of 7 and 3.15 oBrix, respectively. Meanwhile, the acidity in 
all experimental sets slightly decreased from 0.43 - 0.57 % to 0.27 - 0.37 % on day 15, 
as shown in Figure 1(c). This was consistent with the pH values, which remained relatively 
stable, ranging from 3.33 - 3.56 on day 1 and 2.96 - 3.65 on day 15, as illustrated in Figure 1(d). 
Both acidity and pH values were in  uenced by the raw materials and the fermentation 
process, with the latter being a signi  cant factor in the production of herbal wines. The organic 
acids that may form during fermentation include succinic acid, lactic acid, citric acid, and 
pyruvic acid [13]. The acid content and pH values obtained were close to those reported 
in herbal wines, with acid levels typically ranging from 0.3 - 0.5 % and pH values in the range 
of 3.0 - 3.5 [7]. Based on the experimental results, experimental sets 4 and 7 were selected for 
sensory evaluation by 30 general consumers in order to identify the most suitable conditions 
for further study in phase 2.
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(a) Changes in alcohol content during fermentation 

(b) Changes in sugar content during fermentation 
Figure 1 Sugar content, alcohol content, acidity, and pH values in the 14 wine treatments
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(c) Changes in acidity during fermentation

(d) Changes in pH content during fermentation
Figure 1 Sugar content, alcohol content, acidity, and pH values in the 14 wine treatments (Cont.)

  The sensory evaluation of the wine products from experimental set 4 (mint leaves 
75 g, 22 oBrix) and experimental set 7 (mint leaves 50 g, 16.73 oBrix) is shown in Figure 2. 
The analysis using One-Way ANOVA (F-Test) at a 95 % con  dence level showed that the 
experimental set 4 received signi  cantly higher scores in terms of odor, sweetness, residual 
taste, and overall preference compared to experimental set 7 (p<0.05). This could be attributed 
to the higher alcohol content in the experimental set 4 compared to set 7. These two sets were 
palatable to the majority of consumers owing to a stronger and more distinct aroma. Based on 
these test results, experimental set 4 was selected as the suitable condition for further study.
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Figure 2 Sensory Evaluation of Wines from Experimental Sets 4 and 7

 2. Wine Fermentation at Di  erent Times
  Fermentation of mint wine using the conditions from experimental set 4 (mint leaves 
75 g and sugar content of 22 oBrix) was compared at di  erent fermentation times and  avor 
re  nement. The experiment was designed in three sets, including: 1) fermentation for 2 weeks 
followed by aging for 2 weeks, 2) fermentation for 2 weeks followed by aging for 1 week, and 
3) fermentation for 2 weeks without aging. The results of various parameters, including 
alcohol content, acidity, and pH are shown in Table 3. No signi  cant di  erences were observed 
in the parameters of all the experimental sets at a 95 % con  dence level. Generally, sweetness 
decreased by approximately 1 - 3 oBrix per day as sugar was converted into alcohol [10]. 
However, the alcohol content obtained from all three experimental sets was relatively low 
compared to the initial fermentation experiment. This might have been due to the high and 
 uctuating temperatures during fermentation, which led to reduced yeast activity [10]. 

When alcohol content is low, the remaining sweetness tends to be relatively high. Nevertheless, 
the acidity and pH values for all three experimental sets remained within an appropriate range. 
In conclusion, the 2-week aging period did not signi  cantly a  ect the 4 parameters. Wine aging 
is a process that bene  ts from a longer duration, as it involves chemical reactions between various 
substances such as acids, sugars, alcohol, esters, and phenolic compounds. It also involves the 
precipitation of proteins, microbial cells, and various suspended particles to clarify the wine, 
resulting in a clear wine with desirable taste, color, and aroma.

Table 3 Parameters of Wine fermentation at weeks 0, 1, and 2

 
Set

 Aging time Sugar content Alcohol content  Acidity 
pH

  (week)  (oBrix) (%) (g/100ml)  

 A 2  10.00±0.10 7.81±0.08 0.34±0.03 3.72±0.01
 B 1  10.33±0.23 7.85±0.15 0.32±0.02 3.71±0.04
 C  0  10.13±0.12 7.90±0.13 0.34±0.02 3.70±0.02

Mean ± Standard Deviation
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  The sensory evaluation of mint wine products was conducted using the experimental 
set A (2 weeks aging), with sugar levels adjusted to 12, 14, and 16 oBrix using spearmint syrup. 
This evaluation involved 6 samples with varying fermentation times and sugar adjustments, 
as depicted in Figure 3. It was observed that all samples di  ered signi  cantly in terms of odor, 
sweetness, bitterness, residual taste, and overall preference, with statistical signi  cance at a 
95 % con  dence level. However, there was no di  erence in color and clarity among the samples.
  The overall preference scores showed that samples with a sugar adjustment of 12 oBrix 
received the highest scores for odor, sweetness, residual taste, and overall preference, compared 
to set C (samples with a 2-week fermentation time and no sugar adjustment) with 10 oBrix. 
The di  erence in overall preference scores was not statistically signi  cant (p>0.05). In contrast, 
samples with no aging received the lowest overall preference scores, with statistical signi  cance 
(p<0.05). Samples with a sugar adjustment of 16 oBrix received the highest scores for color, 
clarity, and odor, although there was no statistically signi  cant di  erence compared to samples 
with a 12 oBrix sugar adjustment (p>0.05).
  These results suggest that aged wine had better sensory characteristics compared to 
non-aged wine, even though there were no signi  cant di  erences in their chemical and physical 
attributes. Sensory characteristics could be further improved by adjusting  avoring agents, 
taste, and sugar content. This aligns with research on wine consumption behavior and consumer 
attitudes towards homemade wine in the middle-market [14], which identi  ed key factors in 
wine selection as cleanliness, sweetness, and the prominence of ingredient aromas. Longer 
aging processes also contribute to desired sensory attributes, as they involve various chemical 
reactions between substances such as oxygen increase on the surface, esters decay, and the 
precipitation of proteins, microbial cells, and various suspended particles, resulting in clear 
wine with a pleasant taste and aroma.

 
Figure 3 Sensory evaluation of wines with di  erent aging and sugar adjustments
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Conclusion 

Set 4 (mint leaves 75 g, 22 oBrix) had the highest alcohol content in the  rst phase of the experiment, 
and consumers were also the most satis  ed with its aroma and residual taste characteristics of 
set 4. Therefore, set 4 was deemed suitable for further study in phase 2, where it was observed 
that aging did not signi  cantly a  ect alcohol content, sugar, pH, and acidity levels. However, 
consumers expressed greater satisfaction, particularly in the sample aged for 2 weeks with a 
sugar adjustment of 12 oBrix, which received the highest scores for aroma, sweetness, residual 
taste, and overall preference.
 This study highlights the potential bene  ts of mint beyond its general use as a herb or 
food additive. It underscores the value addition potential of mint, particularly when further 
developed and enhanced. Such e  orts can increase the value of mint leaves and promote the 
development of innovative products derived from mint.
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Abstract

The objective of this research  was to investigate the e  ect of water hyacinth bio-extract on 
the germination of lettuce seeds. Lettuce seeds were soaked in four ratios of  bio-extract and 
distilled water: 1:250, 1:500, 1:750, and 1:1000 v/v. The soaking duration were 6, 9, and 
12 hours. The germination test of the soaked lettuce seeds was performed using top of paper 
and  eld emergence methods. The results showed that  the ratio of 1:750 v/v with a soaking 
duration 9 hours gave the highest results in both germination percentage and germination 
index. The germination percentage was 86.58% in both methods. The germination index by top 
of paper method and  eld emergence method were 10.68 % and 10.01 %, respectively 
(P<0.05). Therefore, the application of water hyacinth bio-extract could be a way to promote 
the germination of lettuce seeds. This could also be another way to get rid of water hyacinth 
and solve the water  pollution problem.

Keywords: Bio-extract; Water Hyacinth; Germination of Seed; Lettuce
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 [10]    90  

5    3   
2    1   4   
1:250 1:500 1:750  1:1000   

 (pH ) 
  [11] 

 2   3   6 9  12  
  100  

 3   
 3  

 [12]  Top of paper  
 5   

  7  
   

 
  Top of paper  2 
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 Completely Randomized Design (CRD)

  
  pH = 4.16  

  pH  
  1:250 1:500 1:750  1:1000  pH = 4.40 5.12 6.14  6.03 

 1.  Top of paper
   

 (P<0.05)* 
  ( )  

 ( ) 1:1000  
 1:750

  
  (P<0.05)** 

 1:750   9  
   86.58  10.68   

 6   85.47  10.57 
 Top of paper  1  3 

 1:750   9  

 1  Top of paper

   (v/v)      
   ( .)   
   71.56±1.75 47.22±1.49 24.34±2.77 4.06±0.75
 1:250   78.22±2.62 51.22±1.17 27.00±2.47 5.65±0.03
 1:500  6 79.56±1.26 52.99±1.75 26.57±1.75 7.75±0.37
 1:750   85.47±2.26** 52.99±1.75 32.48±1.75 10.57±0.12**
 1:1000   77.22±1.92 48.22±1.60 29.00±1.75 7.49±0.39
   71.56±1.75* 44.22±1.61 27.34±2.96 5.62±0.11
 1:250   81.56±2.14 52.99±2.09 28.57±1.75 8.15±0.58
 1:500  9 83.22±1.26 52.22±1.26 31.00±1.75 9.29±0.34
 1:750   86.58±1.26*,** 55.22±1.92 31.36±1.75 10.68±0.16**
 1:1000   78.22±1.26 59.56±1.28 18.66±2.14 8.29±0.67
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 1  Top of paper ( )

   (v/v)      
   ( .)   
   71.53±1.74 44.21±2.14 27.32±1.29 5.69±0.64
 1:250   81.53±0.41 52.94±2.98 28.59±1.92 9.45±0.18
 1:500  12 83.21±0.41 52.21±1.15 31.00±1.75 9.75±0.24
 1:750   86.54±0.41** 55.21±1.81 31.33±1.92 10.67±0.33**
 1:1000   78.21±1.26 59.53±1.17 18.68±1.26 8.82±0.01

 *, **  0.05  (P<0.05) 

( ) 6 

( ) 9 
 3  Top of paper 
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( ) 12 
 3  Top of paper 

   ( )

 2. 
   

 1:750  9  
 Top of paper  

 (86.58 %  10.01) 
 (56.99 %  5.58)  (P<0.05) 

  2  4

 2 

   (v/v)      
   ( .)   
  9 56.99±3.09* 41.99±1.11 15.00±3.98 5.58±0.32*
 1:750   86.58±2.62* 74.22±1.68 12.36±2.96 10.01±0.05*

 *  0.05 
   (P<0.05)

  
 7    1:750  
 9   4.63±1.47   

3.16±1.61   (P<0.05) 
 Top of paper   5 
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Abstract

This research aimed to explore the practical use of recycled polyethylene terephthalate yarn 
(rPET) in technical textiles, extending its application beyond the apparel industry. The speci  c 
objective was to produce woven fabrics from rPET yarn for the seats of portable chairs, 
which are commonly favored for outdoor events. Initially, the process involved twisting 
300 denier rPET untwisted yarn into rPET-1 (single-yarn) and rPET-2 (two-ply yarn). 
Six woven fabrics were then manufactured in three di  erent weave designs (plain, twill, 
and basket). The warp was rPET-1 at a density of 50 ends per inch, while the weft alternated 
between rPET-1 and rPET-2, each at 40 picks per inch. The results indicated that fabrics 
with rPET-2 as the weft exhibited superior tensile and tear strength compared to those 
employing rPET-1 as the weft. Plain fabrics demonstrated the highest tensile strength, 
while twill fabrics displayed the highest tear strength. Consequently, these two fabric types 
were selected to produce the portable chairs, in contrast to the conventional portable chairs 
constructed with polyester fabric. After subjecting the chairs to a compression test with a load 
of 150 kgf for 5 cycles, the chair with a plain fabric and rPET-2 as the weft proved the 
most durable. No damage was found on the seat or frame, and fabric stretching was minimal. 
In essence, this research underscores the potential of rPET in the durability and sustainability 
of outdoor seating solutions, while also demonstrating the feasibility of applying this 
recycled material in technical textile applications.

Keywords: Recycled polyethylene terephthalate; Woven fabric; Plastics bottle; Recycling

  “ ”    

   
 

  (Recycled Polyethylene Terephthalate, rPET) 
  (Staple Fibers)  

(Filaments)  (Yarns)    
  

 (Polyethylene Terephthalate, PET)  
   

 [1] - [3]  PET  (Mechanical Recycling) 
  [2] - [5]    [4] 

  
 [1], [6], [7]  

 
  rPET  100 % 
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 [7]   rPET    [1] 
 rPET  [8] 

  rPET   
 1.2   38   

    (Single Jersey) 
  rPET   PET 

 [3]  (Satin)  PET  
rPET  125    

 [6]  
 rPET  300   PET 

 385   [4]  
 rPET   

 rPET  6   11   PET  
 [9]

  
 rPET    rPET 

  
   

  
  
 
 [10]  

 
  rPET 

 
 

 rPET 

 5     
   

 1.  
   300  (Denier, D) 

     ( )  Z  Two for one 
twister     4,530   4  

 1   2   rPET-1  rPET-2
 2. 
   Mini warper (CCI SW550) 

 Evergreen Sampling Loom (CCI SL8900)  1  
3    (Plain Weave)  (Twill Weave) 
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 (Basket Weave)  rPET-2 
 50  (End Per Inch, epi)  rPET-1  rPET-2 
 40  (Pick Per Inch, ppi)  6 

 1

 1  rPET

 #    

 1  rPET-2 rPET-1 Plain-1

  
 2  rPET-2 rPET-2 Plain-2
   

 3  rPET-2 rPET-1 Twill-1 
 
  
 
 4  rPET-2 rPET-2 Twill-2
  

 5  rPET-2 rPET-1 Basket-1
  

 6  rPET-2 rPET-2 Basket-2

  
 

 1  
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 2  

 3. 
   

  24.2 x 42.5   
1   2   (PFAFF 9063) 

 4. 
  4.1  
      

 ASTM D1059  10   
ASTM D2256  Universal Testing Machine (Instron series 2701)  10 
  4.2  
     ASTM D3776 

 Fabric Sample Cutter  5   
ASTM D1777   5  

 5 
     ASTM D737  Air 
Permeability Tester (SDL Atlas M021A)  125 Pa  
38   5 
     
Universal Testing Machine (Instron series 2701)   

  ASTM D5034 
 10  

 ASTM D2261  5  

 5. 
   

  Universal Testing 
Machine (Chun Yen CY-6040A12)  3   

  
 8   1   7.6   



Woven Fabric Properties with Di  erent Weave Designs Using Recycled PET Yarns for Portable Chairs

 29
https://ph01.tci-thaijo.org/index.php/rmutijo/index

 150 kgf  10   
 5   3  

  

 

 3 

 rPET  
 

 
 1.  rPET
   rPET  300 D  1   2   rPET-1  
rPET-2  2   rPET  1 

   
  rPET-2  2 

  
   

 [11]  

 2  rPET

   (D)  
    (kgf)   (mm)
 rPET 315.0+2.9 1,111.4+27.3  27.4+1.9
 rPET-1 317.0+2.6 1,127.5+9.7  28.5+0.6
 rPET-2 634.5+3.2 2,316.8+24.3  28.4+0.7
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 2.  rPET
   4 

  
 

  2.1   rPET
     3  

  rPET-2  
rPET-1  31 - 36  
      Basket-1  Basket-2  rPET-1 

 rPET-2    
  rPET-1  rPET-2 

 
 4  rPET

 3   

   (g/m2)  (mm)  (cfm*)
 Plain-1 207.2±5.0 0.39±0.09 6.77±0.48
 Plain-2 274.6±4.3 0.53±0.03 3.99±0.36
 Twill-1 217.6±2.2 0.51±0.01 40.28±1.73
 Twill-2 296.8±4.2 0.52±0.01 34.30±5.21
 Basket-1 218.4±2.6 0.72±0.02 107.40±5.52
 Basket-2 287.2±12.9 0.73±0.02 50.89±3.94

 *cfm: cubic feet per minute
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  2.2   rPET
     rPET 

 3  
  rPET-1  rPET-2 

    
   rPET-1  rPET-2  

 rPET-2  rPET-1 
 rPET-2  2   

   rPET 
 [6]

  2.3   rPET
     

 
 rPET  5  

 
 rPET-1  rPET-2 
 

  [10]  5  
   

  
 

  2/1  2/2 
  

 
 

 [10]  rPET-2 
 rPET-1 

     4   
   

     
  rPET-2 

 rPET-1  rPET-2  
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 5  rPET

 4  
 
       
     (kgf)   (mm)  (kgf)   (mm)
 Plain-1
 -  367.66±3.39 26.95±2.07 15.38±1.99 44.65±10.02
 -  183.13±4.08 22.51±1.44 16.22±0.99 36.93±2.98
 Plain-2
 -  364.89±4.48 38.39±2.05 11.49±0.73 27.63±3.94
 -  320.30±15.92 22.64±3.83 13.65±1.14 25.83±7.56
 Twill-1
 -  336.23±10.03 18.99±0.77 16.25±3.14 48.66±10.62
 -  135.50±4.57 16.99±0.62 15.05±1.88 43.33±4.46
 Twill-2
 -  383.54±12.01 25.23±1.21 28.46±1.68 40.59±2.85
 -  240.75±18.23 19.10±1.71 33.37±1.94 47.13±4.68
 Basket-1
 -  226.10±27.37 15.62±1.16 0.37±0.32 39.53±9.95
 -  119.46±6.69 17.10±0.65 2.90±0.95 51.76±8.70
 Basket-2
 -  221.84±26.95 16.25±1.17 0.64±0.58 40.12±3.94
 -  231.95±10.00 20.84±1.26 1.31±0.90 50.17±6.59

  2.4   rPET
    

 
     

  [10] 
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 rPET-2  rPET-1
     
Twill-2   Plain-1  Twill-1 
     

 rPET-2  Plain-2  
 rPET-2  Twill-2  

 
 6  rPET

 3. 
   Plain-2  Twill-2 

   F 
 NF  7  5  150 kgf  5  
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  Plain-2  12.53  
  Twill-2  17.45  

  
 

  16.84    
  24.61  

   

 
 7 

 5 

       (mm)
     
 Plain-2 - - - 12.53
 Twill-2 -   17.45
 F  - - 16.84
 NF    24.61

   Plain-2 Twill-2 
   rPET   Plain-2  

Twill-2     
 Plain-2  rPET-2  rPET-2  
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 rPET  4   1   2   
rPET-1  rPET-2   

      rPET-2
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 rPET-2  rPET-1 
    

    
  rPET-2  

 rPET-2   
 150 kgf  5    

rPET-2   
   

   
 100 %  

    
  

  rPET  
    

    
 

   
 rPET 
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Abstract

This objective of this research was to study the simulation of laser ablation on thermoelectric 
material (Lead Telluride: PbTe). The temperature change caused by laser beam ablation on 
PbTe target was simulated using both COMSOL Multiphysics 5.5 and ANSYS 2021 R1  nite 
element analysis software packages. The laser power varied between 10 to 40 W, while the 
speeds ranged from 1000 to 4000 rpm. The results showed that at any given laser speed, 
the local maximum temperature on PbTe increased with an increase in the laser power. 
The maximum temperature decreased with an increase in the laser speed at a constant laser 
power. The moving point heat source of laser at 20 W gave the maximum temperature, which 
was slightly higher than the melting point of PbTe, potentially resulting in the generation of 
PbTe nanoparticles. The results obtained from both software di  ered by about 10 %. 
Both software can be used to simulate completely and even more e  ective in the future.

Keywords: Lead Telluride; Thermoelectric Material; Laser Ablation; Simulation; Finite Element Methods
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 ( ) Mesh  COMSOL Multiphysics  ( ) Mesh  ANSYS
 2 Tetrahedral Mesh 

 1  [10] - [14]

 Properties of PbTe Values

 Thermal conductivity ( ),  2.141 
 Density ( ),  8150 
 Speci  c heat capacity ( ),   155 
 Emissivity ( ) 0.8
 Melting point,  1190 
 Convection heat transfer coe   cient ( ),  10

 2 

 Parameters Values

 Laser Power (W) 10, 20, 30  40
 Laser spot size (mm) 0.2
 Absorption coe   cient 0.8
 Scanning speed (rpm) 1000, 2000, 3000  4000
 Time (s) 0.075
 Re  ection coe   cient 0.2

 1. 
    4000 rpm 

 0.075   10, 
20, 30  40 W  

 [16]  
  3   COMSOL Multiphysics 

 975, 1670, 2400  3060 K  4  
 ANSYS  915.43, 1627.7, 2291.5  2955.4 K  

  (Heat Flux)  (2) 



A Study of Laser Ablation Simulation on Lead Telluride

 43
https://ph01.tci-thaijo.org/index.php/rmutijo/index

 [4] 
 

 ( )  10 W ( )  20 W

 ( )  30 W  ( )  40 W
 3   COMSOL Multiphysics  

 10 - 40 W

 

 
 ( )  10 W ( )  20 W 

 4   ANSYS  10 - 40 W



   16  3 (  -  2566)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal) Vol. 16, No. 3, (September - December 2023)

44
ISSN 3027-6756 (Online)

 ( )  30 W  ( )  40 W
 4   ANSYS  10 - 40 W ( )

   5  6 
  COMSOL Multiphysics  ANSYS 

 0  0.075   0  
 300 K  20 W  

COMSOL Multiphysics  ANSYS  (Melting Point) 
 

 
 

 5  COMSOL Multiphysics 
 



A Study of Laser Ablation Simulation on Lead Telluride

 45
https://ph01.tci-thaijo.org/index.php/rmutijo/index

 
 6  ANSYS 

   10 20 30  40 W 
 COMSOL Multiphysics  ANSYS  

9.14, 5.44, 6.9  6.66% 
 2. 
   1000 2000 3000  
4000 rpm  40 W  0.075  

 
 [8]     7 

  COMSOL Multiphysics  5640 
4130 3430  3060 K  8   ANSYS 

 5292.3 3915.1 3328.7  2955.4 K  
 [13] 

 

 ( )  1000 rpm  ( )  2000 rpm
 7   COMSOL Multiphysics 

 



   16  3 (  -  2566)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal) Vol. 16, No. 3, (September - December 2023)

46
ISSN 3027-6756 (Online)

 ( )  3000 rpm  ( )  4000 rpm
 7   COMSOL Multiphysics 

  ( )
 

 
 ( )  1000 rpm ( )  2000 rpm 

 ( )  3000 rpm  ( )  4000 rpm 
 8   ANSYS  

   9  10 
  COMSOL Multiphysics  ANSYS 

 0  0.075  
 COMSOL Multiphysics  ANSYS 



A Study of Laser Ablation Simulation on Lead Telluride

 47
https://ph01.tci-thaijo.org/index.php/rmutijo/index

 

 

 9  COMSOL Multiphysics 
 
 

 10  ANSYS 
 

   1000 2000 
3000  4000 rpm  COMSOL Multiphysics  
ANSYS  8.8 8.09 7.0  6.66% 
 3. 
    10 W  4000 rpm 

  
  20 W  4000 rpm  40 W  

4000 rpm    
  11

 



   16  3 (  -  2566)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal) Vol. 16, No. 3, (September - December 2023)

48
ISSN 3027-6756 (Online)

 ( )  10 W  4000 rpm  ( )  20 W  4000 rpm
 

( )  40 W  4000 rpm
 11 

 (PbTe) 
   

 1.  
  20 W  COMSOL Multiphysics  

ANSYS  

 2.   COMSOL Multiphysics 
 ANSYS   1000  4000 rpm 

  
 

 3. 
 (PbTe)  COMSOL Multiphysics  ANSYS 

 9.1 5.44 6.9  6.66 % 
 8.8 8.09 7.0  6.66 %  

 error  10 % 
 [7]  COMSOL Multiphysics  ANSYS  10 % 

 



A Study of Laser Ablation Simulation on Lead Telluride

 49
https://ph01.tci-thaijo.org/index.php/rmutijo/index

 

 4.   
   10 W  4000 rpm 

 
  20 W  40 W  4000 rpm 

   

   
 ANSYS 2021 R1 

References

[1] Chubilleau, C., Lenoir, B., Migot, S., and Dauscher, A. (2011). Laser Fragmentation in Liquid 
 Medium: A New Way for the Synthesis of PbTe Nanoparticles. Journal of Colloid and Interface 
 Science. Vol. 357, Issue 1, pp. 13-17. DOI: 10.1016/j.jcis.2011.01.057
[2] Kosalathip, V., Dauscher, A., Lenoir, B., Migot, S., and Kumpeerapun, T. (2008). Preparation of 
 Conventional Thermoelectric Nanopowders by Pulsed Laser Fracture in Water: Application to the 
 Fabrication of a pn Hetero-Junction. Applied Physics A. Vol. 93, pp. 235-240. DOI: 10.1007/
 s00339-008-4650-8
[3] Phae-ngam, W., Suchat, S., Kumpeerapun, T., and Kosalathip, V. (2014). In  uence of Air Annealing 
 on the Structural, Morphology and Optical Properties of ZnSe Thin Films by CW-CO2 Laser 
 Evaporation. Advanced Materials Letters. Vol. 9, Issue 5, pp. 496-500. DOI: 10.5185/amlett.2014.4577
[4] Samantaray, M., Sahoo, S., and Thatoi, D. (2018). Computational Modeling of Heat Transfer 
 and Sintering Behavior During Direct Metal Laser Sintering of AlSi10Mg Alloy Powder. Comptes 
 Rendus Mecanique. Vol. 346, Issue 11, pp. 1043-1054. DOI: 10.1016/j.crme.2018.08.006 
[5] Indhu, R., Loganathan, S., Vijayaraghavan, L., and Soundarapandian, S. (2018). A Study on 
 Continuous Beam Laser Welding of Dissimilar Materials Using Multi-Physics Simulation. 
 Materials Science. COMSOL Conference 2020
[6] Said-Bacar, Z., Leroy, Y., Antoni, F., Slaoui, A., and Fogarassy, E. (2011). Modeling of CW Laser 
 Diode Irradiation of Amorphous Silicon Films. Applied Surface Science. Vol. 257, Issue 12, 
 pp. 5127-5131. DOI: 10.1016/j.apsusc.2010.11.025
[7]  Luo, D., Wang, R., Yan, Y., Sun, Z., Zhou, W., and Ding, R. (2021). Comparison of Di  erent 
 Fluid-Thermal-Electric Multiphysics Modeling Approaches for Thermoelectric Generator Systems. 
 Renewable Energy. Vol. 180, pp. 1266-1277. DOI: 10.1016/j.renene.2021.09.033
[8] Phae-Ngam, W., Kosalathip, V., Kumpeerapun, T., Limsuwan, P., and Dauscher, A. (2011). Preparation 
 and Characterization of Tellurium Nano-particles by Long Pulsed Laser Ablation. Advanced 
 Materials Research. Vol. 214. pp. 202-206. DOI: DOI:10.4028/www.scienti  c.net/AMR.214.202



   16  3 (  -  2566)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal) Vol. 16, No. 3, (September - December 2023)

50
ISSN 3027-6756 (Online)

[9] Caiazzo, F. and Al  eri, V. (2018). Simulation of Laser Heating of Aluminum and Model Validation 
 via Two-Color Pyrometer and Shape Assessment. Materials. Vol. 11, Issue 9, p. 1056. DOI: 
 10.3390/ma11091506
[10]  El-Sharkawy, A. A., Abou EI-Azm, A. M., Kenawy, M. I., Hillal, A. S., and Abu-Basha, H. M. 
 (1983). Thermophysical Properties of Polycrystalline PbS, PbSe, and PbTe in the Temperature 
 Range 300-700 K. International Journal of Thermophysics. Vol. 4, pp. 261-269
[11]  Hwang, J. -Y., Kim, E. S., Hasan, S. W., Choi, S. -M., Lee, K. H., and Kim, S. W. (2015). Reduction 
 of Lattice Thermal Conductivity in PbTe Induced by Arti  cially Generated Pores. Advances in 
 Condensed Matter Physics. Vol. 2015, pp. 1-6. DOI: 10.1155/2015/496739
[12] Dughaish, Z. H. (2002). Lead Telluride as a Thermoelectric Material for Thermoelectric Power 
 Generation. Physica B: Condensed Matter. Vol. 322, Issue 1-2, pp. 205-223. DOI: 10.1016/S0921
 -4526(02)01187-0
[13]  Shatma, P., Dubey, A. K., and Pandey, A. K. (2014). Numerical Study of Remperature and Stress 
 Fields in Laser Cutting of Aluminium Alloy Sheet. Procedia Materials Science. Vol. 5, pp. 1887-1896. 
 DOI: 10.1016/j.mspro.2014.07.510
[14] Kosky, P., Balmer, R., Keat, W., and Wise, G. (2013). Exploring Engineering. Academic Press
[15]  Hitesh, D. V., Santhanakrishnan, S., Harimkar, S. P., Sandra, K. S. B., and Dahotre, N. B. (2013). 
 One-Dimensional Multipulse Laser Machining of Structural Alumina: Evolution of Surface 
 Topography. The International Journal of Advanced Manufacturing Technology. Vol. 68, 
 pp. 69-83. DOI: 10.1007/s00170-012-4709-8
[16] Phae-ngam, W., Kosalathip, V., Kumpeerapun, T., Limsuwan, P., and Dauscher, A. (2011). Synthesis 
 and Characterize of Bi0.6Sb1.4Te3 Nano-particles from Long Pulsed Laser Ablation. Journal of 
 Applied Sciences. Vol. 11, Issue 21, pp. 3625-3629. DOI: 10.3923/jas.2011.3625.3629
[17] Linsen, S. and Guoquan, S.(2012). Temperature Field Simulation of Laser Drilling in ANSYS. 
 Advances in Intelligent Systems Research. In Proceedings of the 1st International Conference 
 on Mechanical Engineering and Material Science (MEMS 2012). DOI: 10.2991/mems.2012.139



E  ect of Rubberwood Fly Ash on Thermal Conductivity of Cement Fiber Board

 51
https://ph01.tci-thaijo.org/index.php/rmutijo/index

E  ect of Rubberwood Fly Ash on Thermal Conductivity 
of Cement Fiber Board

 
  1  1*  1  1  1

  1  1  1  1

 Chuthamat Laksanakit1 Sommart Swasdi1* Wisitsak Tabyang1 Nuntachai Chusilp1 
 Tavorn Kuasakul1 Taweesak Thongkun1 Nopadon Kongphet1 Theerawat Petchdee1 
 and Thanwit Naemsai1

Received: October 15, 2023; Revised: November 23, 2023; Accepted: November 30, 2023

   
 0 5 10 15  20  

 46  1    (w/b)  0.6 
 10 mm  25 Ton  

  
  

  20  0.620 W/mK 
 8

 : ; ; ; 

1  
1 Faculty of Engineering, Rajamangala University of Technology Srivijaya
* Corresponding Author, Tel. 08 1898 8759, E - mail: sommart.s@rmutsv.ac.th 



   16  3 (  -  2566)
Research on Modern science and Utilizing Technological Innovation Journal (RMUTI Journal) Vol. 16, No. 3, (September - December 2023)

52
ISSN 3027-6756 (Online)

Abstract

This research aimed to investigate the in  uence of rubberwood  y ash on the thermal conductivity 
of  ber cement sheets made from cement, rubberwood  y ash, paper pulp, and banana  bers. 
Rubberwood  y ash was used as a replacement for cement at percentages of 0 %, 5 %, 10 %, 
15 %, and 20 % by weight of the binder, while the paper pulp and banana  bers were  xed at 
46 % and 1 % by weight of the binder. The water-to-binder ratio (w/b) was set at 0.6, and 
the thickness of the sheets was 10 mm. The sheets were molded using a semi-dry process using 
a hydraulic pressing machine with a force of 25 tons. The results showed that increasing of the 
percentage of rubberwood  y ash reduced the thermal conductivity or increased thermal 
insulation and also improved sound absorption properties. However, it did not signi  cantly 
a  ectted density, compressive strength, and tensile strength perpendicular to the surface. 
The optimal ratio for satisfactory thermal conductivity was a mixture with 20% rubberwood 
 y ash, which had a thermal conductivity of 0.620 W/mK, higher than the typical cellocrete 

sheets with only 8 %.

Keywords: Para Rubber Wood Fly Ash; Fiber Cement Sheet; Thermal Conductivity; Thermal Insulation
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 ( )  ( )  ( )  
 

 ( )  ( ) 

( ) 
 1 

 1 

   w/b    
 (mm)   (g)  (g) (g) (g)

 10 FA00* 0.6 1000 0 460 10
 10 FA05 0.6 950 50 460 10
 10 FA10 0.6 900 100 460 10
 10 FA15 0.6 850 150 460 10
 10 FA20 0.6 800 200 460 10

* 
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( )  250 - 2000 Hz
 9  ( )

 10 

 3 

     (SAC) (%)  
NRC

  250 Hz 500 Hz 1000 Hz 2000 Hz  
 FA00 3.109 7.655 24.520 29.693 16.244 0.16244
 FA05 4.292 9.084 23.977 40.717 19.518 0.19518
 FA10 4.391 9.448 34.269 38.291 21.600 0.21600
 FA15 4.033 9.142 37.524 39.070 22.442 0.22442
 FA20 4.008 7.171 18.420 47.365 19.241 0.19241
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Abstract

This paper focuses on the study of the axial load behavior and failure characteristics of 
rectangular concrete-  lled steel tubular columns using hydraulic cement (HC-CFST columns) 
under concentric axial loading. The experimental specimens consisted of 36 rectangular columns, 
each measuring 150 x 75 mm in cross-sectional dimensions and 750 mm in height. The key 
variables examined in this study encompass the type of cement, the thickness of the steel tube, 
the ultimate compressive strength of the concrete, and curing time. Two distinct variants of 
cement, hydraulic cement and ordinary Portland cement, were employed at three di  erent 
compressive strengths of 18, 25, and 32 MPa, with curing times of 28 and 90 days. Steel tubes 
were available in three thicknesses: 3.0, 4.5, and 6.0 mm. The compressive load was uniformly 
applied to the entire section and tested by progressively increasing the axial load until the 
column reached failure. According to the test results, the HC-CFST columns display linear 
elastic behavior up to almost 90 - 95 % of their maximum compressive loads, after which 
the behavior transforms nonlinear until failure. Cracking of the concrete core, as well as local 
buckling of the hollow steel tube, were observed as modes of failure in the HC-CFST columns. 
The PC-CFST columns demonstrated a maximum compressive load that was approximately 
1 - 2 % higher than that of the HC-CFST column at 28 days of curing. Nevertheless, for 90 days, 
the HC-CFST columns exhibited a greater maximum compressive load compared to the 
PC-CFST column due to the presence of pozzolanic components in the HC-based concrete 
instead of clinker. In addition, it has been observed that the ACI design equations are capable of 
accurately predicting the maximum compressive load of the HC-CFST columns. In summary, 
the  ndings of this study suggest that hydraulic cement could be used as an e  ective alternative 
to ordinary Portland cement in the case of concrete-  lled steel tubular columns.

Keywords: Concrete-Filled Steel Tube Column; Hydraulic Cement; Rectangular Steel Tube; 
   Axial Compression
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 1  CFST

     Concrete   Steel Tube  
 Group Specimen Binder        Number  
    (mm2) (MPa)  (MPa)  (mm)  (mm2)  (MPa) 
  HC-CFST-18-3.0 HC 9,959 18.2 21.9 3.0 1,291 384.5  2
  HC-CFST-18-4.5 HC 9,358 18.2 21.9 4.5 1,892 388.2 2
  HC-CFST-18-6.0 HC 8,787 18.2 21.9 6.0 2,463 395.4 2
  HC-CFST-25-3.0 HC 9,959 25.1 28.1 3.0 1,291 384.5 2
 1 HC-CFST-25-4.5 HC 9,358 25.1 28.1 4.5 1,892 388.2 2
  HC-CFST-25-6.0 HC 8,787 25.1 28.1 6.0 2,463 395.4 2
  HC-CFST-32-3.0 HC 9,959 33.8 39.0 3.0 1,291 384.5 2
  HC-CFST-32-4.5 HC 9,358 33.8 39.0 4.5 1,892 388.2 2
  HC-CFST-32-6.0 HC 8,787 33.8 39.0 6.0 2,463 395.4 2
  PC-CFST-18-3.0 PC 9,959 18.8 21.6 3.0 1,291 384.5 2
  PC-CFST-18-4.5 PC 9,358 18.8 21.6 4.5 1,892 388.2 2
  PC-CFST-18-6.0 PC 8,787 18.8 21.6 6.0 2,463 395.4 2
  PC-CFST-25-3.0 PC 9,959 25.4 27.9 3.0 1,291 384.5 2
 2 PC-CFST-25-4.5 PC 9,358 25.4 27.9 4.5 1,892 388.2 2
  PC-CFST-25-6.0 PC 8,787 25.4 27.9 6.0 2,463 395.4 2
  PC-CFST-32-3.0 PC 9,959 34.2 38.5 3.0 1,291 384.5 2
  PC-CFST-32-4.5 PC 9,358 34.2 38.5 4.5 1,892 388.2 2
  PC-CFST-32-6.0 PC 8,787 34.2 38.5 6.0 2,463 395.4 2

 3. 
   2  CFST  Universal Testing Machines (UTM) 

 50 mm  2   CFST 
  Linear Variable Di  erential Transformer 

(LVDT)  2   UTM 
 CFST   Pre-load  25 %  

 [20]  
 1 mm/min [14]  KYOWA DAQ  CFST 

 50 mm [21]
 

 1  CFST
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 2. 
   HC-CFST  PC-CFST 

 2  (Maximum Load)  HC-CFST  PC-CFST  28 
 90   Ptest,25D  Ptest,90D   2   

 HC-CFST  PC-CFST  
 [8], [27]  PC-CFST  28   

HC-CFST  1 - 2 %  1 
 PC  HC    90   HC-CFST 

 PC-CFST  HC 
  HC  90  [17]

 2 

 
Group Specimen Binder

   t Ptest,25D  Ptest,90D  Pn,ACI

    (MPa)  (mm)  (kN)  (kN)  (kN)

  HC-CFST-18-3.0 HC 18 3.0 685.8 714.2 650.5
  HC-CFST-18-4.5 HC 18 4.5 918.5 946.1 879.2
  HC-CFST-18-6.0 HC 18 6.0 1,165.7 1196.9 1,109.8
  HC-CFST-25-3.0 HC 25 3.0 742.2 771.8 708.9
 1 HC-CFST-25-4.5 HC 25 4.5 980.9 1004.8 934.1
  HC-CFST-25-6.0 HC 25 6.0 1,233.8 1279.3 1,161.3
  HC-CFST-32-3.0 HC 32 3.0 821.8 869.5 782.5
  HC-CFST-32-4.5 HC 32 4.5 1,032.8 1080.4 1,003.3
  HC-CFST-32-6.0 HC 32 6.0 1,263.0 1308.0 1,226.3
  PC-CFST-18-3.0 PC 18 3.0 693.5 704.3 655.5
  PC-CFST-18-4.5 PC 18 4.5 924.5 942.3 884.0
  PC-CFST-18-6.0 PC 18 6.0 1,170.5 1188.0 1,114.3
  PC-CFST-25-3.0 PC 25 3.0 748.7 767.9 711.4
 2 PC-CFST-25-4.5 PC 25 4.5 989.8 996.8 936.5
  PC-CFST-25-6.0 PC 25 6.0 1,243.1 1250.4 1,163.6
  PC-CFST-32-3.0 PC 32 3.0 829.9 850.5 785.9
  PC-CFST-32-4.5 PC 32 4.5 1,038.7 1069.8 1,006.5
  PC-CFST-32-6.0 PC 32 6.0 1,275.1 1300.5 1,229.3

 3. 
   HC-CFST  PC-CFST 

 ACI 318 [30]  HC-CFST  PC-CFST 
 (Full Interaction)  

 (Nominal Axial Load)  HC-CFST  PC-CFST  (1)

 (1)
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    Ac  Ast   
    fc

'  fy,st   

   5   HC-CFST  PC-CFST 
 ACI 318 (Pn,ACI)  5   HC-CFST 

 PC-CFST  28  
 ACI (Ptest,28D / Pn,ACI)  1.03 - 1.07  5( ) - 5( ) 

 1.00   ACI 318 
 HC-CFST  PC-CFST  

 [14], [29]  90   HC-CFST  PC-CFST  
 1.0 - 1.11  5( ) - ( )  28   

 3 - 4 % 

 
 ( )  HC-CFST  28  ( )  PC-CFST  28 
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Abstract

The objective of this research was to study the reinforced masonry walls with bamboo under 
the pendulum test. A total of 6 samples of masonry walls were tested, with an average size of 
600 x 600 mm, consisting of 1) non-plastered Mon brick wall (CT1), 2) plastered Mon 
brick wall (CT2), 3) reinforced masonry wall with bamboo at a distance of 50 mm (W1), 4) 
reinforced masonry wall with bamboo at a distance of 100 mm (W2), 5) reinforced masonry 
wall with bamboo at a distance of 150 mm (W3), and reinforced masonry wall with bamboo 
at a distance of 200 mm (W4). Assessments were performed using the pendulum test with 
application angles ranging from 5 to 90 degrees. The results found that samples CT1, CT2, 
W1, W2, W3 and W4 had impact load values of 9.04, 21.33, 39.2, 34.28, 26.92, and 
25.01 N.m, respectively. For the control sample CT2, it was shown that plastering the 
masonry wall resulted in a 2.36 times higher impact load when compared with sample CT1. 
In addition, when comparing the masonry wall samples reinforced with bamboo at a distance 
of 50 to 200 mm with the CT2 sample, it was found that walls W1, W2, W3, and W4 had 
1.83, 1.61, 1.26, and 1.17 times higher impact load, respectively. Thus, it can be concluded 
that reinforcement using the reinforced masonry walls with bamboo signi  cantly increased 
the impact load.

Keywords: Bamboo; Masonry; Pendulum Test
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Abstract

An Optimization in the coating thermistor sensors using the principle DMAIC. have objective 
In order to Optimization the coating of the thermistor sensor surface using the principle 
DMAIC. By improving the working method according to the DMAIC principle, it was found 
that the amount of coating solution used was too much left over from the container used 
to hold the dipping solution. So a new design was made.The research found that A new tray 
with a volume of 170,100 cubic millimeters. 200.20 grams of coating solution. The change 
of container size caused the coating to decrease by 30 % usage73.63 grams of coating per 
1,000 pieces. Design Simulate  nd Optimization value the break-even point is 3,600 pieces, 
30 times. The amount of coating used is 465.40 grams coating 56.98 %. The use of 93,427coatings 
was 8,335.13 grams using coatings of 5,732.53 grams or 68.71 % of coatings compared 
with 47.67 % of coatings. The di  erence was 21.04 %. The optimal formulation was Z min = 
200.20 + 8.84X.

Keywords: Optimization Value; DMAIC Process; Thermistor Sensors
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 [3]
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 2.  Measure
   Measure   

 
 

    . . 
2563  1   . . 2564  2

 1   . . 2563   . . 2564

   ( ) ( ) 
   93,354 93,236 99.87
   85,235 85,235 100.00
   111,542 111,542 100.00
   198,087 198,087 100.00
   89,061 89,061 100.00
   120,840 120,840 100.00
   67,938 67,938 100.00
   105,592 105,592 100.00
   102,984 102,088 99.13
   974,633 973,619 99.88
   108,293 108,180 99.88
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 2  . . 2563

       
    ( )  ( )  ( )  ( )
 1  5,885 1,020 458 562 44.90
 2  8,033 1,080 578 502 53.52
 3  5,588 960 403 557 41.98
 4  6,921 1,080 567 513 52.50
 5  7,057 1,140 605 535 53.07
 6  6,996 1,080 522 558 48.33
 7  5,684 1,020 416 604 40.78
 8  6,859 1040 507 533 48.75
 9  6,671 1,020 475 454 46.57
 10  8,094 1,200 611 589 50.92
 11  5,602 1,080 424 656 39.26
 12  8,079 1,320 646 674 48.94
 13  7,592 1,200 577 623 48.08
   89,061 14,240 6,789 7,360 47.67
  6,851 1,095.38 522.23 566.15 47.67

   2 
 (  )  . . 2563  89,061  

 14,240   6,789   7,360  
  47.67  6,850.85   

1,095.38   522.23   566.15   
52.33  50  9 
 4.  Improve
   Improve  [13] 

 50  
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  4.1  
     
(  )  
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 3   . . 2564

      
   ( ) ( ) ( )
   67,938 400 0
  105,592 400 0
   102,984 400 0
   276,514 1,200 0

   3    
. . 2564  276,514   400   1  

 3   1,200  
  4.2  
     

   46.32 
 

 53.68 
 (  )  (Rework)  

   
 [15] 

    4.2.1  
        × ×  = 90×300×9 mm.  
243,000   286.00   1

 1 

       × ×  = 70×270×9 mm.  
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 2 
        30 
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    4.2.2  
       

 3

 3 

 4 

     
  ( )  ( )  ( )  ( )
 1 120 200.20 8.84 191.36
 2 120 200.20 8.85 191.35
 3 120 200.20 8.85 191.35
 4 120 200.20 8.84 191.36
 5 120 200.20 8.85 191.35
 6 120 200.20 8.84 191.36
 7 120 200.20 8.84 191.36
 8 120 200.20 8.84 191.36
 9 120 200.20 8.84 191.36
 10 120 200.20 8.84 191.36
  1,200 279.79 88.43 191.36
  120 200.20 8.84 191.357

 
 

 

 

 

 

 

 



 DMAIC
Optimization in the Cotating Thermistor Sensors Using the Principle DMAIC

 97
https://ph01.tci-thaijo.org/index.php/rmutijo/index

        4   1,200   
88.43   191.36   

 8.84  
        
(  )  12,000  

 5

 5  

      
   ( )  ( ) ( )
 1 120 1 200.20 4.42
 2 240 2 209.04 8.46
 3 360 3 217.88 12.17
 4 480 4 226.72 15.60
 5 600 5 235.56 18.76
 6 720 6 244.40 21.70
 7 840 7 253.24 24.44
 8 960 8 262.08 26.98
 9 1,080 9 270.92 29.37
 10 1,200 10 279.76 31.60
 11 2,400 20 368.16 48.02
 12 3,600 30 456.56 58.09
 13 6,000 50 633.36 69.79
 14 12,000 100 1,075.36 82.21
  30,600 255 4,933.24 451.61
  2,186 18 352.37 32.26

        5 
 (  )  120   1  

 200.20   4.42 
 12,000   100   1,075.36  

 82.21   3,600   30   
456.56   58.09 
 5.  Control
   Control  

 
 . . 2564  6
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 6  . . 2564

       
   ( ) ( ) ( ) ( )
 1 6,913 58 424.17 624.37 67.94
 2 7,218 60 442.88 643.08 68.87
 3 7,536 63 462.40 662.60 69.79
 4 6,921 58 424.66 624.86 67.96
 5 7,057 59 433.01 633.21 68.38
 6 6,996 58 429.26 629.46 68.20
 7 6,819 57 418.40 618.60 67.64
 8 6,859 57 420.86 621.06 67.76
 9 6,671 56 409.32 609.52 67.15
 10 8,094 67 496.63 696.83 71.27
 11 6,672 56 409.38 609.58 67.16
 12 8,079 67 495.71 695.91 71.23
 13 7,592 63 465.83 666.03 69.94
  93,427 779 5,732.53 8,335.13 68.71
  7,187 60 441 641 68.71

        6 
 (  ) 

 . . 2564  13   93,427   8,335.13  
 5,732.53   68.71 

 13   7,1871   641   441  
 68.71

 1. 
   13   93,427   
8,335.13   5,732.53    641  

 441    68.71  
  . . 2563  47.67  

68.71  21.04 
 (  )  DMAIC [16] 

  4
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 4 

 2. 
   (  ) 

 DMAIC 
     Zmin  = 200.20 + 8.84X

     Zmin  = 
      200.20 = 
      8.84  = /  120 
      X    = 
     3,600   30  
      Zmin  = 200.20 + 8.84(30)
         = 200.20 + 265.20
         = 465.40
     = 56.98  47.67
    (  

)  3,600  30   50  56.98 
 47.67
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