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Modeling and Monitoring the Experimental Implant for 

Measuring the Ethanol Concentration  
Erinda Piluri

1
, Dhurata Premti

2 

1
General Directorate of Metrology, Albania 

2
Department of Industrial Chemistry, University of Tirana, Faculty of Natural Sciences, Albania

Abstract-In this set of experiments we have tried to monitor a system of three reactors placed in series through experimental 

measurements of the ethanol concentration, temperature, flow and pressure at the outlet of system. We compared the results 

when the system has different metallic tubes used between vessels. For each set of experiments, we have used tubes with 6 

and 8 mm diameter because they influence the pressure drop in our system. 

Keywords- Continuous system, Ethanol concentration, flow, pressure and temperature parameters. 

I. INTRODUCTION 

The objective of this experimental work is to determine the concentration of ethanol in a system and to study the parameters 

affecting it. An important part are also the factors that are influencing the calibration solution. We can mention the physical 

and chemical properties of each component; the interval of ethanol concentration on the solution and the ability to work and 

change the parameters in the solution (temperature, pressure, flow). 

 

FIGURE 1: System for monitoring the ethanol concentration. 

II. RESULTS 

In this set of experiments we have tried to monitor a system of three reactors placed in series through experimental 

measurements of the ethanol concentration, flow, pressure and temperature at the outlet of system. We compared the results 

when the system has different metallic tubes used between vessels. For each set of experiments, we have used tubes with 6 

and 8 mm diameter. The gas flow was kept from 10 to 20 L/min and temperature 34 
0
C. After receiving all the values from 

the experiments we had these results: 
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FIGURE 2: Graphic presentation of flow dependency from concentration with 6 and 8 mm connectors 

 

FIGURE 3: Graphic presentation of flow dependency from pressure with 6 and 8 mm connectors 
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FIGURE 4: Graphic presentation of flow dependency from the difference of pressure with 6 and 8 mm 

connectors 

III. CONCLUSION 

We studied the dynamic model that gives the correlation of ethanol concentration with parameters affecting thermodynamic 

equilibrium. The parameters:  

 Temperature – The increase of the temperature, rise an increase of ethanol concentration in the gaseous phase with 

a fixed ratio of ethanol separation in the gas on the solution.  

 Pressure- The increase of the pressure drop difference results reduces the decrease in the gas phase concentration. 

 Flow rate- The increase of the flow rate of gas reduces the ethanol concentration in gaseous phase. 
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Tannic Acid-Terminated Poly(Propylene Oxide) as Efficient 

Dispersant for Multi-Walled Carbon Nanotube to Prepare Highly 

Conductive Composites 

Pei-Ni Song
1
, Jin-Long Hong

2* 

1Department of Materials and Optoelectronic Science, National Sun Yat-sen University 
*2Department of Materials and Optoelectronic Science, National Sun Yat-sen University, Kaohsiung, Taiwan 

80424, ROC 

Abstract—In this study, multi-functional tannic acid (TA) was incorporated with soft poly(propylene oxide) (PPO) chain to 

result in a TA-terminated JTA polymer, in which the TA terminals impart reversible aromatic and hydrogen bond (H 

bond) interactions to JTA polymer. Moreover, the aromatic TA terminals of JTA can preferably bind to the surface carbon 

rings of multi-walled carbon nanotubes (MWCNTs) to result in JCTx composites containing large amounts (up to 96 wt%) of 

MWCNTs. The sorption isotherm study indicated a two-step sorption mechanism of the sorbed JTA on MWCNT. Dependent 

on the MWCNT content, JCTx composites can be healable elastomers with high fracture strain (up to 700%) or plastics with 

outstanding conductivity (up to 1.21×10
6
 m-1). Experimental mechanical modulus and conductivity of JCTx also were 

approached by the theoretical Kolarik model and scaling law, respectively. The result was explained in term of 

morphological arrangement of the MWCNT, evaluated from scanning and transmission) electron microscopies in JTA 

matrix. This study provided theoretical evaluation of highly MWCNT-loaded composites. 

Keywords—Tannic acid, MWCNT, carbon material dispersion, stacking, hydrogen bonding, conductive composite, 

Kolarik model, scaling law. 

I. INTRODUCTION 

Molecular engineering using delicate design and testing of molecular structures and interactions enables the fabrication of 

advanced materials with different application fields. Given the extraordinary mechanical, electrical, and thermal properties, 

carbon nanotubes (CNTs) provided versatile routes for the preparations of advanced materials, among them, polymer/CNT 

nanocomposites
1,2

were studied frequently despite the existing difficulty in fabricating homogenous composite products. 

Primarily, dispersing CNTs without destroying the superior mechanical and electrical properties, with some notable 

exceptions (<10%)
3-5

, were hampered by the lack of effective method in dispersing large amounts of CMTs. Primarily, it is 

difficult to disperse nanotubes in water due to the repulsive interactions
6-8

 between nanotubes and water. Moreover, the large 

attractive interparticle potential between the nanoscale tubes
9,10

 caused the easy formation of aligned aggregated tubes. 

Several methods have been developed to disperse CNTs
11-13

 previously, nevertheless, the amounts of nanotubes incorporated 

in the polymer composites are limited (< 10 wt%) due to the preferable aggregation tendency of nanotubes in the polymer 

solutions. 

Introducing conductive materials into insulating hosts
14- 16

always is an attracting topic because of the scientific and practical 

importance. The electrical conductivity of nanotubes can reache 10
6
 S m

-1
, but polymer matrices usually are poor in 

conductivity with values between 10
-16

 and 10
-12

 S m
-1

. Adding small amounts of nanotubes to polymer matrices significantly 

increased the conductivity
17-24

 (to 10
-6

 S m
-1

, approximately), which stimulated the practical applications of polymer/carbon 

nanotube (PCNT) composites in electronics, sensors, and actuators, as well as many others
25,26 

in the electronics industry. 

The critical concentration
27,28

, known as percolation threshold, at which conductive networks start to form is inversely related 

to the aspect ratio (length per diameter) of the dispersed nanomaterials. Regarding the high aspect ratio of nanotubes, PCNT 

nanocomposites generally exhibit extremely low (< 0.5 wt%) percolation thresholds
29-33

. Experimental and theoretical 

approaches for the percolation thresholds indicated that conductivity od PCNTs was limited by the potential barriers between 

nanotubes and polymer because the surfaces of the nanotube bundles always were covered by polymer coatings. 
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Besides conductivity, a percolation threshold, known as mechanical percolation, also was observed in the mechanical tests of 

PCNTs. Previous study
34,35

 had interpreted the high levels of modulus in reinforced composites and nanocomposites by 

mechanical percolation. CNTs show Young‟s moduli of around 1000 GPa as well as tensile strengths in range from 10 to 50 

GPa
36

. The excellent mechanical performance as well as the extraordinary physical properties, such as high aspect ratios and 

large surface areas, justifies their beneficial role in PCNTs. Again, the advantage of nanotubes was only realized when they 

are uniformly dispersed in the polymer matrices, because that they tend to aggregate/agglomerate
37

seriously in the processing 

solution step. Therefore, more promising PCNTs
38-49

 with low (e.g. 0.8 wt%), medium (e.g. 10 wt%) and high (e.g. 33 wt%) 

nanotube content had been previously attempted. Among them, poly(acrylic acid)/poly(ethylene oxide)−poly(propylene 

oxide)−poly(ethylene oxide)
49

 (PAA/F108) was used as excellent dispersant of CNT to result in PCNT with a high amount 

(33 wt%) of CNT. The facile hydrogen bond (H bond) interactions between carboxylic acids in PAA and over the active 

surface of CNT are responsive for the homogeneity of the resulting PCNTs. 
 

As a universal environmental organic molecule, tannic acid (TA)
50,51

 was previously used as effective dispersant for CNTs. 

The enriched aromatic rings and phenolic hydroxyl OH groups of TA are responsible for the effective dispersion of CNTs 

and accordingly, a two-stage sorption mechanism
50

 was proposed: the TA molecules were adsorbed first onto the surfaces of 

CNTs with the aromatic rings binding to the surface carbon rings of CNT via the aromatic π-π interactions, forming a 

monolayer in the interface, which further adsorbed the dissolved TA molecules by the self-interacting H bonding and other 

possible polar interactions. The adsorbed TA molecules increased the steric repulsion between individual CNT, which then 

acted to disperse the loose CNT aggregates to result in the stabilization of CNTs in the TA solution. The sorption and 

suspending process also was examined by transmission electron (TEM) microscopy, providing further evidence for the above 

sorption mechanism. 

In this study, we designed and synthesized a TA-terminated poly(propylene oxide) (PPO) of JTA (Scheme 1), which turned 

out to be effective sorbent for MWCNT exclusively binding to various amount of MWCNT to result in JCTx (x: wt% of 

MWCNT, ranging from 1 to 96) composites with high conductivity (from 1.20 x 10
-3

 to 1.21 x 10
6
 S m

-1
) and excellent 

mechanical properties to be studied with. The multi-functional JTA polymer is an elastomer due to its unique molecular 

feature that the soft PPO chain is the mobile and stretchable part while the aromatic π-π and H bond interaction sites of TA 

terminals provide mechanical strength susceptible to external deformation. TA terminals of JTA also imparted exclusive 

aromatic π-π interactions to the surface carbon rings of MWCNT, rendering stretchable elastomer (while MWCNT content is 

low (< 40 wt%)) or hard conductive plastics (while MWCNT content is higher than 40 wt%) with interesting mechanical and 

conductive properties to be studied with. Rather than previous study
52,53

 always concentrated on PCNTs with concentration 

below percolation threshold, the JCTx composites provided us the opportunity to approach the experimental mechanical 

modulus (E) and conductivity with theoretical Kolarik model
54

 and scaling law
55

, respectively, at concentration well beyond 

percolation threshold. Staring from the sorption study in the solution state, a two-stage sorption model was proposed to 

illustrate the interaction between MWCNTs and JTA. Mechanical and conductive properties of the solid composites also 

were correlated with the morphogical arrangement of MWCNTs in JTA matrix evaluated from scanning (SEM) and 

transmission (TEM) electron microscopies. This study therefore provided theoretical background on the highly MWCNT-

loaded PCNTs. 

II. EXPERIMENTAL 

2.1 Materials 

Amine-terminated PPO (Jeffamine, Mn=4,684 g/mol, Sigma-Aldrich) and hexamethylene diisocyanate (HDI, Mn =168 

g/mol, Acros) and TA (Mn=1,701 g/mol, Acros) were directly used without purification. MWCNT was purchased from 

Golden Innovation Business Co., Ltd, which was claimed to have inner and outer diameters of 10 nm and 20 nm, and 1 to 2 

um in length, respectively. Preparation method is Model equation and parameter definition (CVD).N, N-dimethyl formamide 

(DMF) was refluxed over CaH2for two days in prior to distillation for use. 
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2.2 Preparation of JTA 

The JTA was synthesized by a two-step reaction procedure (Scheme 1). Briefly, solution of Jeffamine (5g, 1.07 mmol) and 

HDI (0.38 g, 2.25 mmol) in dry DMF (25 mL) were heated at 70 
o
C for 3 hr to result in homogeneous JHDI solution. A small 

portion of the solution was taken and extracted by hexane before being precipitated from distilled water to obtain JHDI for 

analysis. Afterwards, TA (4.55 g, 2.68 mmol) was added to the solution mixture and the reaction was continued at 80 
o
C for 

another 24 hr. The reaction mixture was then cooled to room temperature and extracted by hexane for several times before 

being precipitated from distilled water. The slurry-like product was filtered and dried at 70 
o
C for 24 hr under vacuum.  

2.3 Preparation of conductive composite film 

Calculated amounts of JTA and MWCNT were sonicated in DMF (5 mL) for 1 hr to ensure complete dispersion of MWCNT. 

The resulting homogeneous solution was then drirf under vacuum for 24 hr to result in JCTx composite films for study.  

2.4 Sorption and Stabilization Experiments 

Sorption isotherms were obtained using a batch equilibration technique at 25
o
C. Two hundred milligrams of MWCNTs were 

added into 20 mL vials with different JTA concentrations of 0,8.9, 44.5, 89, 445 and 890 mg/L. The whole vial was sonicated 

for 1 hr before standing still for equilibration for 7 days, and the resulting supernatants, the stable suspensions possibly with 

dispersed individual nanotubes, were taken out and measured with UV-Vis spectrometer (Jasco V-770, USA) at 800 nm. 

Measurement at 800 nm had been used to quantify MWCNTs in DMF phase. Preliminary experiments indicated that the 

absorbances at 800 nm are the same for solutions after being sonicated for 0.5 hr and 3 hr, thus, the suspended MWCNTs in 

the supernatants after sonication were considered to be stable in JTA solutions. 

2.5 Characterizations 

1
H NMR spectra were measured using a Varian Unity VXR-500 MHz spectrometer (McKinley Scientific, Sparta, NJ, USA), 

with d6-DMSO as the solvent and tetramethylsilane (TMS) as the external standard. A mass spectrum was obtained by using 

a Bruker Daltonics Autoflex III Maldi-Tof mass spectrometer with trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-

propenylidene] malononitrile (DCTB) as matrix material. The number and weight-average molecular weights (Mn and MW) 

and polydispersity (PDI) were determined from gel permeation chromatography (GPC) using a Waters 510 high-performance 

liquid chromatography system and DMF at 45 
o
C as the eluent (flow rate: 0.6 mL min

–1
). The electric properties were 

determined at room temperature by an LCR Tonghui TH 2829 meter at 1 kHz with each data point as the average value of 

five measurements. Bright field TEM images of mass-thickness contrast were obtained using a Jeol JEM 2100 TEM 

spectrometer at an accelerating voltage of 200 kV. The samples were prepared by air-drying a drop of the suspensions onto a 

copper TEM grid. SEM images were obtained using a Jeol JSM 6700F microscope operated at 10 kV. 

III. RESULT AND DISCUSSION 

As illustrated in Scheme 2, the preparation of the desired polymer JTA required the preliminary synthesis of a key precursor 

JHDI. The reaction of the amino terminals of Jeffamine with excess (2.1 eq) HDI resulted in an isocyanate-terminated JHDI, 

which under attack of the phenolic OH groups of TA (2.5 eq) produced the desired JTA for study. To examine the efficiency 

of the applied end-capping reaction, the 
1
H NMR spectrum of JTA. including all peak assignments, was compared with those 

of d6-DMSO, Jeffamine and JHDI in Figure 1. The average HDI unit per Jeffamine chain of JHDI was determined from the 

integration ratio between resonance protons He at 2.89 ppm and Ha,d at 0.93-1.14 ppm. Here, the peak intensity of protons He 

was used to calculate the fraction of Hd in the overlapped Ha,d peaks as He and Hd belong to the same hexamethyl unit of HDI 

terminals with a fixed ratio of 1 to 2. Accordingly, the average HDI unit per Jeffamine chain of JHDI is 1.93. Likewise 

deduction, from the integration ratio between protons Hh1+h2+j1+j2 and Ha,d, resulted in an average 1.89 TA terminals per JTA 

chain. The resolved Mns (5,009 g/mol for JHDI and 8,289 g/mol for JTA) listed in Table 1 are comparable with those 

determined from Maldi-Tof mass spectroscopy but are smaller than those from the GPC analysis. The high molecular 

weights determined from GPC can only be regarded as reference values because GPC analysis involved only excluded 

volume of the polymer, rather than real molecular weights, in DMF eluent. 
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FIGURE 1.
 1

H NMR spectra of d
6
-DMSO, Jeffamine, JHDI and TA-terminated JTA (d

6
-DMSO). 

TABLE 1 

MOLECULAR WEIGHT OF JHDI/JTA EVALUATED FROM 
1
H NMR, MALDI-TOF MASS SPECTROSCOPY AND 

GPC 

Sample 

1
H NMR

a
 Maldi-Tof mass spectroscopy

b
 GPC

c
 

Mn 

(g/mol) 

Mn 

(g/mol) 

Mw 

(g/mol) 
PDI 

Mn 

(g/mol) 

Mw 

(g/mol) 
PDI 

JHDI 5009 5405 5545 1.03 6081 7175 1.18 

JTA 8289 8952 9848 1.10 9445 11646 1.23 

 

The resulting JTA is an elastomer with fracture strain (f) of 813% at fracture stress (f) of 0.2MPa (Figure S1) and 

moreover, it is a healable elastomer with high healing efficiency. All these referred to the unique molecular feature of JTA 

that the soft PPO chains represent the stretchable part while the aromatic TA terminals provide the reversible aromatic π-π 

and H bond interactions required for the mechanical strength and the observed autonomous recovery process. More 

importantly, the aromatic TA terminals of JTA can bind to MWCNT, rendering JCx composites with varied MWCNT 

contents (from 1 to 96 wt%). 

3.1 Sorption isotherm and morphology 

The superior mechanical and electrical behavior of MWCNT stimulated our study on using MWCNT as building block to 

develop advanced JCTx composites. Generally, transforming MWCNT into soluble materials that can be easily manipulated 

in the solution state may be subjected to dispersion difficulty and so, the effective utilization of MWCNT strongly depends 

on two factors: homogeneous dispersion of nanotubes throughout the polymer matrix without destroying the integrity of the 

tubes, and adequate interfacial adhesion between the nanotubes and polymers. The first factor can be demonstrated by the 

homogeneity of the solutions we prepared (Figure 2(a)), in which the dispersed MWCNTs can remained in the solution after 

a long period of time (> 1 month), which demonstrated the great dispersion power of JTA for MWCNTs. The second factor 

can be seen from the elastomeric properties of certain elastomeric JCTx (x = 10 to 40), which can sustain high strain (with 

high f values ranging from 100 to 700%) without mechanical failure. 

Basically, there are four commonly used models
56

 for nonlinear isotherm behavior, including Langmuir (LM), Dual-mode 

(DMM), Dual-Langmuir (DLM), and Freundlich (FM) models. Specially, the LM was developed to describe individual 

chemical adsorbents and is applicable to monolayer physical adsorption
57

, and DMM model was originally proposed for 

describing the sorption behavior of natural organic matters
58

. The FM is an empirical approach for adsorbents with uneven 

adsorbing site energy and is applicable to adsorption for a single-solute system within high- and middle-concentration 

environments. For FM, the goodness of fit varied with the MWCNTs (Figure S2a). The results suggested that the fit of FM is 

better than LM at high concentration but is worse at other range. Good fit was obtained for DLM (Figure S2b) with adj r2 
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0.98. However, two parameters among the four, i.e., adsorbed capacity (Q2
0
) and DLM constant (b2) of site population 2 were 

significantly unreliable with p>>0.01 (Table S1). Thus, the sorption process of JTA by MWCNTs may not be limited by the 

two types of adsorption sites. As a result
50

, our initial attempt for sorption used both DMM and LM to fit our experimental 

result. 

The result from LM estimation deviated from the experimental data of JTA by MWCNTs (Figure S3), which can be also 

seem from the low adj r
2
 value of 0.87.Significant deviation of LM result from the experimental data was observed for LM at 

high concentration. The deviation indicates that the sorption of JTA, on the MWCNTs, may not be monolayer formation on a 

homogeneous surface, that is, the MWCNTs aggregated in the JTA solutions and the adsorbed JTA monolayer may continue 

to sorb the dissolved JTA molecules, via H bonds and other polar interactions, till the state that most MWCNT aggregates 

were surrounded by majority of JTA polymers. 

 
FIGURE 2. (a) Solutions of MWCNT (200 mg/L) in DMF (20 mL) with varied concentrations of JTA (from 

left to right: with 0, 8.9, 44.5, 89, 445 and 890 mg of JTA in 1 L of DMF, respectively) (b) sorption 

isotherms of JTA and MWCNTs revealed a good fit with the theoretical curves predicted by the dual-mode 

model (DMM) and (c) compared with the result based on pure TA (dashed line) and MWCNT of the same 

dimensions. 

Sorption isotherms by DMM was examined in Figure 2(b), which exhibited non-linear relationship between equilibrium and 

sorbed JTA concentrations. We further transformed the JTA concentration into TA terminal concentration (Figure 2(c)) 

based on the 
1
H NMR result that Mn of JTA is 8289 g/mol and there are 1.89 TA terminals per JTA chain. Both non-linear 

isotherms in Figure 2(b) and 2(c), using parameters (Table S1) of MWCNT with the respective inner and outer diameters of 

10 and 20 nm, revealed a good fit between DMM estimation
58

 and experimental results. The good fits (adj r
2
 is 0.99) 

suggested that the sorption of JTA by MWCNT followed the same two-step sorption model previously proposed for pure TA 

on MWCNTs
50

 that TA terminals of JTA may be sorbed first onto MWCNTs with its aromatic rings binding to the surface 

carbon rings of MWCNT via π-π interactions, until forming a monolayer, and then the JTA monolayer formed further sorbed 

the dissolved JTA by H bonds and other polar interactions. The sorbed JTA increased the steric repulsion between individual 

MWCNTs, which might disperse the relatively loose MWCNT aggregates and result in the stabilization of MWCNTs in JTA 

solution. 

Experimental data in Figure 2(c) also compared with the result
50

 from pure TA (dashed line) and MWCNT of the same 

dimensions. Despite being lower in TA concentration, JTA nevertheless is superior to pure TA in dispersing MWCNTs. We 

attributed this high dispersion power of JTA to two factors: DMF solvent used in our example is a better dispersion solvent 

for MWCNTs than water used in previous case. Moreover, with the PPO chain, JTA should be superior to TA in 

hydrophobicity and in dispersing the hydrophobic MWCNTs. The superior dispersion power of JTA thereby imparts high 

loads of MWCNTs in DMF, providing JCTx composites containing large amounts of MWCNTs (from 10 to 96 wt%) after 

removal of DMF. 
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The solid JCTx composites are either stretchable elastomers when x < 40 (Table 2) or rigid and highly conductive plastics 

when x > 50. The morphology of JCTx with small (40 wt%, Figure 3(a)), medium (70 wt%, Figure 3(b)) and large (96 wt%, 

Figure 3(c)) concentrations of MWCNTs was primarily examined by SEM. The resolved images are fundamentally similar 

with each other, all exhibiting tree branch-like bunches in micrometer sizes all over the samples. The randomly distributed 

branches should consist of inner MWCNT core wrapped by outer JCTx wall. The higher is the MWCNT content; the lower is 

the diameter of the resolved branches. The branches with smaller diameter may have tighter aggregation and entanglement, 

which may not be able to be dispersed by JTA during the preparation step in DMF. The looser agglomerates of the larger 

branches could be dispersed by JTA with shaking in DMF. The branch density also increased with increasing MWCNT 

content and the highest MWCNT-loaded JCT96 composite exhibited a morphology that the densely packed branches were 

interconnected with each other to result in a 3D crosslinked network with irregular, large knots, constituted by aggregated 

and entangled MWCNTs, as the crosslinking points to maintain the integrity of JCT96. 

TABLE 2 

CHARACTERISTICS OF THE JTA COMPOSITES FROM JCT1 TO JCT96 

 
Mass fraction 

p (%) 

Volume fraction 

φ
f 
(%) Density (g/ml) 

Stretchablility 



Pa

f


Conductivity 

σ (S.m
-1

) 

JTA ---- ----- 1.17 Yes ( 813, 0.20 ) ----- 

JCT1 1 0.01 1.18 Yes ( 797, 0.23 ) 1.2x10
-3

 

JCT10 10 0.09 1.20 Yes ( 690, 0.52 ) 7.14x10
-2

 

JCT20 20 0.18 1.24 Yes ( 524, 0.80 ) 9.84x10
-1

 

JCT30 30 0.26 1.27 Yes ( 350, 3.09 ) 3.2x10
1

 

JCT40 40 0.32 1.30 Yes ( 175, 6.06 ) 6.55x10
2

 

JCT50 50 0.41 1.34 No (--) 3.02x10
3

 

JCT60 60 0.49 1.37 No (--) 9.15X10
3

 

JCT70 70 0.59 1.40 No (--) 6.76x10
4

 

JCT80 80 0.70 1.43 No (--) 3.46x10
5

 

JCT90 90 0.84 1.47 No (--) 8.31x10
5

 

JCT96 96 0.92 1.49 No (--) 1.21x10
6

 

 
FIGURE 3. SEM images of (a) JCT40, (b) JCT70, and (c) JCT96 and TEM image of (d) JCT50 
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To see the interior of the tree branch, a JCT50 sample was then investigated by TEM. The small, white spherical images of 

the TEM micrograph (Figure 3(d)), which illustrated the vertical view of MWCNTs, are due to the inner empty core while 

the black images in between the white ones represent the outer wall of MWCNT. All these vertically erected MWCNTs are 

aggregated into large bundles and interestingly, all these vertical bundles are surrounded by extended rope-shaped tubes (red 

arrow), which represent the parallel view of MWCNT with the respective inner and outer diameters of 9.6 and 18.8 nm, close 

to the respective values of 10 and 20 nm given by the supplier. The sharp boundary between the inner vertical bundle and the 

outer parallel tube corresponds to flaws with mechanical weakness, which should lower the mechanical strength of the JCTx 

composites, a point will be discussed next. It is difficult to avoid aggregation of MWCNTs into bundle in considering that the 

TA terminals of JTA are insufficient in number to cover all the vast surfaces of the nano-sized MWCNTs. In consequence, a 

plethora of MWCNTs should associate together into large-sized bundles with much reduced surface areas to be covered by 

JTAs. Besides the MWCNT bundles, there are certain large black regions, which should correlate with the embedded JTA 

aggregates and the JTA polymer in the interphase region (blue arrow). Several vertical MWCNT bundles inside the 

interphase region may be an indication of how well the MWCNTs can be dispersed by JTA. 

3.2 Mechanical properties of the JCTx composite films. 

As the effective conductor, MWCNT also acted to reinforce the mechanical strength of the JCTx composites. Without 

MWCNT, pure JTA is soft and highly stretchable with the resolved f value of 813% (Figure 4(a)) and the incorporation of 

rigid MWCNTs raised the mechanical strength at the expense of stretchability of the JCTx (x < 40) films. With 40 wt% of 

rigid MWCNT, the JCT40 composite is still an elastomer with a high f value of near 200% (Table 2), which demonstrated 

the strong interfacial adhesion between MWCNT and JTA. Higher content of rigid MWCNT nevertheless resulted in non-

stretchable, rigid JCTx (x > 40) composites. Because all the JCTx composites prepared in this study having a MWCNT 

content well beyond the percolation threshold (generally, < 0.1 wt%), the mechanical and conductive characterizations 

conducted hereafter are unprecedent.  

Because the SEM image of JCT40 (Figure 3(a)) suggested the continuous distribution of the branches over the polymer 

matrices, the Kolarik
54

 model based on a 3D cross-orthogonal skeleton (COS) should be appropriate in analyzing the 

mechanical property of the stretchable JCTx (x from 0 to 40 wt%) at concentration well above the percolation threshold. 

Based on the COS structure, Kolarik calculated the tensile modulus (E) of the composites with co-continuous morphology 

using: 

E = Em(1 – f
2
) + Eff

2
 + [f(1-f) Em]/[1- f+ (fEm/Ef))       (1) 

1-f- (1-f)
2
(1+2f) = 0          (2) 

Where in equation (1), Ef and Em are the tensile moduli of the filler and the JTA polymer matrix, respectively, f is the filler 

volume fraction and the f-dependent parameter f can be determined from equation (2). Rather than small nanotubes, the 

filler phase contained in JCTx are large branches constituted by rigid MWCNT bundle core surrounded by soft JTA walls, 

which also is correlated with a 3D co-continuous structure and should be valid for Kolarik approach, too. 

 
FIGURE 4. (a) Stress-strain curves and (b) comparison of the experimental moduli Es of JCTx (x from 10 to 

40) with the theoretical values determined from equation (1) 
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The experimental E values as function of MWCNT content were plotted in Figure 4(b) to correlate with the calculated results 

based on Kolarik model. The Em, Ef and parameter f involved in calculation of the theoretical E values were summarized in 

Table S2. The results depicted in Figure 4(b) clearly indicated the fair agreement between the experimental and the 

theoretical data. The Ef value of 85.6 MPa was obtained from fitting experimental E value of JCT40 into equation (1). 

Previous approach had commented on the dilemma in evaluating the mechanical property of MWCNT: although the strength 

of individual CNT shells is extremely high (with E up to 1,000 GPa), weak shear interactions between adjacent shells and 

tubes lead to significant reduction
59

 in the effective strength of MWCNTs and CNT bundles down to few GPa. The present 

case nevertheless illustrated an even lower Ef value of 85.6 MPa, which may be attributed to the nature of the structural unit 

evaluated from SEM and TEM analysis. Instead of MWCNT bundles, the responsive structural unit in JCTx is branches 

consisting of inner MWCNT bundles wrapped by the outer polymer wall. The embedded polymer and the polymer wall all 

are soft segments representative of mechanical weak points acting to lower the E value of the JCTx composites, which is 

plausible for the low Ef value of 85.6 MPa for JCT40.  

3.3 Conductive properties of the JCTx composite films.  

JTA polymer is an insulator but the incorporation of MWCNT with a concentration well beyond percolation threshold 

resulted in conductive composite with high conductivity (Table 2). At percolation threshold, conducting network forms in the 

polymer matrix starts to transfer electrons and creates the conductivity. SEM images (Figure 3(a) ~ (c)) revealed the presence 

of branches, which constituted the interconnected network effective in transferring electrons, in the JCTx composites. All 

JCTx composites are good at electron transfer according to the result that JCT1 is a semi-conductor with a conductivity of 

1.2x10
-3

 Sm
-1

, and the increase of MWCNT content enhanced the conductivity to an ultimate high value of 1.21x10
6
S m

-3
 for 

JCT96. Essentially, the dense-packed branches of JCT96 contributed to its high conductivity, which is close to the 

conductivity (10
7
 Sm

-1
) of pure MWCNT. 

According to classical percolation theory
55

, the conductivity of composite materials as conductive filler content is increased 

can be described by a scaling law of the form 

∝–

            (3) 

where  is conductivity, p is mass fraction, pc is the electric percolation threshold (EPT)
55

and exponent t is expected to 

depend on sample dimensionality with calculated values of ~ 1.33 and ~ 2.0 in 2 D and 3 D arrangements, respectively. For 

the present case, p is much larger than pc, therefore eqn (3) can be further simplified: 

∝p
t
             (4)  

In Figure 5(a), the dc conductivity data are shown on a semilogarithmic scale versus ln(p).The expected linear relationship is 

observed, with the solid line as a good fit with a slope of 1.92. The resulting t value of 1.92 for JCTx is found to agree with 

the universal value of 2 observed for composites in which the conductive fillers form a continuous 3D percolating path 

throughout the matrix
60

.The percolation path of JCTx refers to the continuous branches distributed randomly in 3D 

dimension.  

 
FIGURE 5. Comparison of experimental conductivity of JCTx (x from 10 to 96) with the theoretical values 

determined from the scaling law of (a) eqn (4) and (b) eqn (5) 
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The change in the electrical conductivity of the composite materials, when the EPT is reached in coincidence with the 

formation of a conductive path inside the material, can be interpreted in terms of electron tunneling. According to this model 

the electrons „„jump‟‟ from a conductor to the closest stone over a small distance of the order of a few nanometers
61

.A 

method reported in literature
62,63,55

 to verify that the electron tunneling is the main electrical transport mechanism in nano 

filled resins is based on the occurrence of a linear relation (Fig. 5(b)) between the electrical conductivity (in natural 

logarithmic scale) and p
−1/3

, valid for mass fraction (p) above EPT: 

ln(σ) ∝p
−1/3

            (5) 

The straight line is the fit curve of the experimental data: the value of R
2 
here is close to 1, which confirms that the electrical 

conduction network in the composite materials is mainly achieved through the quantum tunneling effect. The current and 

therefore the electrical conductivity of the resulting composites are related to the intrinsic features of the adopted conductive 

filler. The conductive filler illustrates here covered the whole branch consisting of MWCNT core and JTA wall, which 

provides 3D conductive paths for fluent transport of electrons. The TEM and SEM images (Figure 3) suggested the presence 

of several conductive flaws, including boundary between the vertical MWCNT bundles and the surrounding parallel tubes, 

the interfacial region and the polymer insulator between branches, in the composites. At these conductive flaws, electrons 

had to “jump” from one MWCNT to the closest stone over a small distance of a few nanometers, resulting in the perfect fit of 

experimental data to equation (5). 

IV. CONCLUSION 

Through deliberate molecular engineering, we synthesized a TA-terminated JTA polymer with inherent aromatic phenolic 

rings and hydroxyl OH groups to promote the desired elasticity. The aromatic phenolic rings of JTA also bind to the surface 

carbon rings of MWCNTs, thus generating homogeneous JCTx composites with low (e.g. 10 wt%) and high (96 wt%) 

MWCNT contents.  

Tree branches, constituted by inner MWCNT bundles and outer JTA walls, are interconnected with each other to form a 3 D 

crosslinked network of JCTx composites. With concentration well above percolation threshold, soft JCTx (x from 1 to 40 

wt%) exhibited the elastic modulus correlated with theoretical Kolarix model based on All JCTx (x from 1 to 96) composites 

are conductive materials and the increase of MWCNT content largely promoted the composite conductivity to an ultimate 

excellent value of 1.2 x 10
6
 S m

-1
 for the JCT96. The conductivity of the JCTx composites can be appropriately fitted by the 

scaling law of ∝1.92
 according to a 3D network model. The tree branches are responsible for the effective electron 

transfer and the ideal conductivity behaviors of the JCTx samples. 

Dependent on the MWCNT content, the JCTx composite sensors can be highly stretchable or highly conductive. The highly 

conductive JCT96 is a sensitive sensor with keen response toward minor pulse beating. With good stretchability, the soft 

JCT40 is a stable sensor for the steady detection of large elbow bending motion. With the lowest MWCNT content, JCT10 is 

capable of repeatedly detecting a high strain of 220%. Through manipulating composite composition, JCTx sensors with the 

desired mechanical and conductive properties can be conveniently prepared and characterized. The developed JCTx 

composites in this study can also be applied to other practical application fields such as supercapacitor or lithium ion battery. 
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ANNEXURE: SUPPORTING INFORMATION 

1) Scheme 

 

SCHEME 1. The complexation of JTA and MWCNT to form JCTx composites and the potential interactions 

between JTA and MWCNT. 

 

SCHEME 2.Synthesis of JHDI precursor and TA-terminated JTA 
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2) Supplementary Figures: 

 

FIGURE S1. (a) Stress-strain curves and (b) the stress ƞ
ε

and strain ƞ
σ

healing efficiencies of the pristine and 

the healed JTA after different time of autonomous recovery. 

 
FIGURE S2. Model fits to the sorption data of JTA by carbon nanotubes (CNTs) by (a) Freundlich (FM) 

and (b) Dual-Langmuir (DLM) models. 

 

FIGURE S3. Model fits to the sorption data of JTA by carbon nanotubes (CNTs) by Langmuir model (LM). 
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FIGURE S4. (a) Photo of JCT96/DMF (96 mg MWCNT/4 mg JTA /2 mL, left) MWCNT/DMF (100 mg/2 

mL, right) solutions after settling for 30 days. 

3) Supplementary Tables: 

TABLE S1 

MODEL EQUATION AND PARAMETER DEFINITION FITS TO SORPTION DATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*q
e
 (mg/g) is equilibrium sorbed concentration; C

e
 (mg/L) is equilibrium solution phase concentration. Q

0

 

(mg/g) is the maximum monolayer adsorption capacity. b constant is related to the molar heat of 

adsorption. Kd (L/g) is partition coefficient 
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TABLE S2 

EXPERIMENTAL AND THEORETICAL MODULI ES OF JCTX (X FROM 10 TO 40) AND THE PARAMETERS 

INVOLVED IN EQUATION (1). 

 
a
  modulus E was calculated from eqn (1) based on a Ef  of 85.6 Mpa formulated from fitting modulus of JCT40 into 

eqn (1). calculated the tensile modulus of composites with co-continuous morphology. 
b
 densities of JTA was determined from the buoyancy method, by which JTA was placed in gradient of liquids of 

known density to approach the density. And the density of composites JCTx were from: D=DJTAPJTA+DCNTPCNT, 

where DCNT and DJTA are densities of MWCNT and JTA, respectively and PCNT and PJTA are mass fraction of 

MWCNT and JTA, respectively. 
c
 Volume fraction = (WCNT/DCNT)/ (WCNT/DCNT+WJTA/DJTA), where WCNT and WJTA are weights of 

MWCNT and JTA. 

 

TABLE S3 

EXPERIMENTAL AND THEORETICAL CONDUCTIVITIES OF JCTX (X FROM 1 TO 96) AND THE RELATED 

PARAMETERS USED IN FITTING EQN (4). 
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Abstract— The features of the impact of some tropical cyclones (TC) in the Indian Ocean on the environment after the 

eruption of Mount Pinatubo are considered. The 1992 North Indian Ocean cyclone season was unofficially the most active 

year on record for the basin, with 13 TC developing. It was shown that TC-05B, closing the chain of 10 TC before its 

destruction over the North Bay of Bengal, showed anomalous thunderstorm activity and contributed to the emergence of TC 

Aviona in South Indian Ocean. The strongest in season-92 TC-10B and TC Forrest, apparently, caused an earthquake in the 

Indian Ocean. At the same time, the strongest typhoons Hunt and Gay from 1979 to 2015 simultaneously developing in the 

Pacific Ocean caused the Burma Plate earthquake. Experimental data of anomalous features of the ionosphere during these 

events were obtained using the satellite Cosmos-1809.  

Keywords— Indian Ocean, Tropical Cyclone, Pinatubo. 

I. INTRODUCTION 

The problem of the movement of several interacting tropical cyclones and their impact on the environment is complex. It was 

previously shown that two tropical cyclones, at a distance of less than 1,400 km from one another, begin to rotate around a 

common center and converge [1]. Currently, meteorology typically uses a modified ETA model: North American Mesoscale 

Forecast System (NAM) [2] or Weather Research and Forecast Model (WAR) [3] to predict the development of tropical 

cyclones. Manipulating the vast datasets and performing the complex calculations necessary to modern numerical weather 

prediction requires some of the most powerful supercomputers in the world. Examples of such calculations and detailed 

references are presented in the series of works by the authors [4]. 

Further studies showed that the nonlinear dynamics of internal gravity wave (IGW) structures of the dissipative ionosphere in 

the presence of a heterogeneous zonal wind can create both monopole vortices in the form of a tropical cyclone and a vortex 

path along the zonal wind [5, 6]. IGW can occur both in multiple lightning discharges and in the structures of a developed 

tropical cyclone [7-9]. The flow of atmospheric air over obstacles such as islands or isolated mountains sometimes gives 

birth to von Karman vortex streets [10]. The significant role of the structure of the lower stratosphere in the development of a 

tropical cyclone was noted in [11] and in separate sections of the annual reports of the Joint Typhoon Warning Center 

(JTWC) by J.C. Sadler. The structure of the equatorial stratosphere is associated with the development phase of the quasi-

biennial oscillation (QBO) [12, 13]. 

Analysis conducted by the authors according to the Cosmos-1809 satellite showed that a month after the eruption of Mount 

Pinatubo 12-Jun-91 [14], the plasma density of the upper ionosphere near the equator decreased approximately two times, 

and a continuous sequence of typhoons was observed in the western Pacific [15, 16]. 

In 1992, the cyclonic activity of the world's oceans, characterized by the Accumulated Cyclone Energy (ACE) index, 

increased by 50% [15]. TCs achieved the highest activity in September-November 92, when up to 10 TCs simultaneously 

developed. At this time the eastern phase of QBO was observed in the lower stratosphere [12]. IGW acoustic effects from 

numerous strong aftershocks of the Landers-92 earthquake and from underground nuclear tests (UNT) on the Nevada Test 

Site (NTS) on the atmosphere contributed to the development of a chain of interacting TCs in accordance with the theoretical 

conclusions of Aburjania [16-18].  

One of the authors' research results was the detection of the dependence of the earthquake occurrence during the 

intensification of TCs of the fifth category: Andrew (August), Bonnie and Charley (September) in the Atlantic Ocean, and 

Gay and Hunt (November) in the Pacific Ocean. Earthquakes occurred on the southern border of the American Plate in the 

South Sandwich Islands on August 24 (M = 6.1), September 24 (M = 5.5 and 5.6) and November 21 (M = 6.6) (Table 1). A 

possible mechanism for the occurrence of earthquakes is associated with the raising of tectonic plates in the zone of the “eye” 

of TC and lowering the opposite edge of the plate, what is suggested in the presentation of the report [18].  

https://en.wikipedia.org/wiki/Supercomputer
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The effects of the development of the Indian Ocean TCs in 1992, interacting with Pacific typhoons in the eastern wind phase 

of the lower stratosphere are considered in this paper as well as individual earthquakes, the occurrence of which may be 

associated with TC 10B and Forrest impact on the Indian Plate.  

II. FEATURES OF THE HIGH IONOSPHERE OVER THE INDIAN OCEAN 24-SEP-92 

In the middle of September, 92 tropical cyclones were observed only in the Pacific Ocean and nowhere more [19]. The 

names of these tropical cyclones were Typhoon Ted and Hurricane Roslin. September 17, before the autumnal equinox when 

the eastern zonal wind occurred in the lower stratosphere three Tropical Depression (TD) Bonnie, Seymour and Tina were 

formed near the American continent [11]. Bonnie formation was associated with a deep invasion of a cold front along the 

east coast of America. Tropical waves after crossing the Americas were upgraded into TD Seymour and Tina. TD Seymour 

reached hurricane strength on the 19th. TD Tina was alive from September 17 to October 11. This is the record for the 

eastern Pacific Ocean. 

The further development of TCs is in good agreement with the ideas of Aburjania [5, 6] about the formation of the Rossby-

Aburjania wave from the TC chain diverging from the San Andreas Fault. The additional acoustic impact from the nuclear 

test experiment (NTE) Hunter Trophy on September 18 led to an increase of Bonnie, Seymour, Tina and Ted intensity, as 

well as to the organization of TC Val in the western Pacific Ocean. September 21, with further self-organization of the 

Rossby-Aburjania wave TC Charley and Danielle arose in the Atlantic Ocean to the east of the San Andres fault, and TC 05B 

appeared in Indian Ocean on the other side of the wave. Fig. 1 shows the dynamics of the TC development in the Indian 

Ocean and the western Pacific Ocean. Moments of the NTE are marked by arrows in Fig. 1. 

 
FIGURE 1. Dynamics of TCs in the western Pacific and Indian Oceans in September 1992. 

After the next NTE Divider held on September 23, the trajectories of five tropical cyclones in eastern Pacific and Atlantic 

oceans changed dramatically, TC 05B and typhoon Ted dissipated, and a new TC Ward was born in the western Pacific [18]. 

TC 05B moved westward over the northern Bay of Bengal. It hit near the Indian/Bangladesh coastline on the 23rd as a 

depression, and dissipated 2 days later over India [19]. The India Meteorological Department report does not contain 

information on TC 05B [20]. 

Cosmos-1809 satellite measurements 24-Sep-92 revealed an abnormally large thunderstorm activity over India and the 

emergence of a new TC Aviona in the South Indian Ocean. The satellite had an altitude of about 960 km, a period of ~ 104.1 

min, an inclination of ~ 82 °, a shift in the next orbit in longitude of ~ 26.1 °, and a change in local time of ~ 36 sec. Satellite 

in the passive mode measured: electron density Ne and its fluctuation dNe, electron temperature Te, two components of a 

large-scale electric field, amplitudes of electromagnetic plasma oscillations in frequency channels f = 140, 450, 850, 4600 Hz 

/wiki/Pacific_Ocean


International Journal of Engineering Research & Science (IJOER)                  ISSN: [2395-6992]             [Vol-5, Issue-9, September- 2019] 

Page | 21  

  

and 15 kHz with a width ∆f = f / 8. All this made it possible, by comparing the measurement data at neighboring orbits, to 

determine local and global sources of ionosphere disturbances.  

 

FIGURE 2. Cosmos-1809 measurement data in the morning sector (LT ≈ 10) west of the Indian peninsula 

and near the Aviona TC origin center (73 E, 5 S). 

In Fig. 2, the satellite’s passage through the latitude of the TC 05B center (21.7 N, 89.0 E) is marked on the E4600 panel 

with the up arrow and the same path in the magnetically conjugated region (L = 1.17) is indicated by the down arrow. 

Narrow peaks in the channels of 4600 Hz register the magnetosphere passage of whistles from lightning discharges. The 

maximum intensity of these signals is located near the lower hybrid frequency (LHR), which is usually located in the channel 

band of 4600 Hz. The magnetosphere passage of VLF signals from the VLF transmitters was studied jointly with the 

Cosmos-1809 and DE-1 satellites [21]. Usually, signals in the whistle mode deviate from the magnetic field from the region 

of entry into the ionosphere to the caustic with large L – shells. And if a duct is formed along a magnetic field with a lower 

density, then the signal is captured. Above the TC 05B (the zone of whistlers entering the ionosphere), both electric and 

magnetic components were observed. When the whistle propagates beyond the magnetic equator (indicated by a blue down 

arrow in Fig. 2), it has only the E component near the LHR, which is perpendicular to the magnetic field. September 24, the 

high density of whistling signals was observed only at this orbit. At the previous orbit passing between TC 05B and Ted only 

ascending whistlers were observed and the density was 2-3 times less.  

The appearance of individual Ne cavities with dNe fluctuations of up to 4–5% over the incipient TC at the stage of 

amplification of the tropical disturbance (TD) was observed from the Cosmos-1809 satellite in several cases [8]. However, 

there are several such caverns south of the magnetic equator and above TD Aviona. They are filled with descending whistlers 

that displaced part of the plasma to the east. The blue curve on the Ne panel shows the plasma density distribution along 

29114-15 orbit on the same L-shells. 
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Additionally Fig. 2 shows the electron gas pressure Pe = NekTe, where k is the Boltzmann constant (panel No. 4). The 

equilibrium of Pe in the cavities is established due to the interaction of electrons with developed Langmuir turbulence where 

Ne fluctuations reach 4% (panel No. 2). At 5:33 UT, the satellite entered the region of strong oscillations in the vicinity of 

the LHR (channel 4600 Hz) near the cyclotron frequency of hydrogen (channel 450 Hz) and the cyclotron frequency of 

helium (channel 140 Hz). Sharp decrease in Pe also occurs here. This region is associated with a traveling ionospheric 

disturbance (TID) from an earthquake in Iran (29.8 N, 51.1 E; M = 5.1) September 23 at about 22 UT. The development of 

disturbances in the ionosphere in the low-frequency range was considered in detail by M. Hayakawa [22]. The Cosmos-1809 

satellite recorded the dynamics of similar disturbances from the acoustic effects of underground nuclear explosions [23].  

It should be noted that at 5:30 UT a strong signal only in the 15 kHz channel is associated with the satellite passing over the 

zone of influence of one of the Radio Engineering Navigation Range finder (RSDN-20; 39.5 N, 62.7 E) transmitters on the 

ionosphere, one of whose frequencies f = 14.88 kHz falls into the channel band. The Russian RSDN-20 stations are 

nicknamed ALPHA. 

The features discussed in this section did not stand out after 11 hours on orbit 29122, passing in the unlit ionosphere along 

the west coast of India.  

III. TC 10B AND FORREST ENVIRONMENTAL EFFECTS 

In autumn 1992 El Niño-Southern oscillation is formed in the Pacific Ocean. In November, a short-term anomaly of the east 

wind arose in the lower stratosphere [12]. In this period the strongest TCs are observed which are shown in Fig. 3. Iintensity 

and trajectory of movement of the TCs show that: 

1. TC Forrest and TC 10B interacted under the influence of the monsoon on November 12-16.  

2. Typhoons Gay, Hant and Forrest interacted on November 16-22. 

Only one (TC10B of November 11-17) of the 12 cyclones formed over the North Indian Ocean affected the weather over 

Indian peninsula [20]. Under the influence of this weather system, wide spread very heavy rainfall occurred in the coastal 

districts of Tamilnadu and Kerala. Forrest was the only TC of 1992 to track from the western North Pacific, across the South 

China Sea, and into the Bay of Bengal. It reached a maximum intensity of 125 kt (230 km/h) in the Bay of Bengal over a day 

after it had recurved. Hunt was part of a three storm outbreak with Forrest and Gay. As Hunt intensified, it brushed by Guam, 

moved into the Philippine Sea, and later recurved. After recurvature, the typhoon played an important role in the extremely 

rapid weakening of Gay which was approaching the southern Mariana Islands. Typhoon Gay was the most intense TC since 

Typhoon Tip in 1979 to Hurricane Patricia in 2015. JTWC estimated its peak winds of 295 km/h (160 knot) and a 

minimum barometric pressure of 872 mb [19]. 

 
FIGURE 3. Trajectories and intensity of tropical cyclones in November 1992. 

 

https://en.wikipedia.org/wiki/List_of_the_most_intense_tropical_cyclones
https://en.wikipedia.org/wiki/List_of_the_most_intense_tropical_cyclones
https://en.wikipedia.org/wiki/List_of_the_most_intense_tropical_cyclones
https://en.wikipedia.org/wiki/List_of_the_most_intense_tropical_cyclones
https://en.wikipedia.org/wiki/Hurricane_Patricia
https://en.wikipedia.org/wiki/Joint_Typhoon_Warning_Center
https://en.wikipedia.org/wiki/Atmospheric_pressure
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Two maps are shown in Fig. 4 on which measurements of the amplitude of the electric (green curve) and magnetic (blue) 

components of the plasma oscillations obtained from the Cosmos-1809 satellite in the frequency channels of 4600 Hz in the 

morning sector on November 14 and 16 are plotted. The ordinate axis of the first curve on the left is aligned with the 123.4 E 

meridian, whose plane at the equator crosses the 29816 orbit at 21:33:22 UT 13-Nov. The subsequent curves are shifted by 

26.1 in longitude and 104.1 minutes in time. Correspondingly, the ordinate axis is aligned with the 84.0 E meridian, whose 

plane at the equator crosses orbit 29845 at 23:54:26 UT on November 15. Due to the inclination of the orbit the descending 

orbits at a latitude of 45 N pass of about 4.8 west of the longitude of the equator, and at a latitude of 45 S pass east of about 

4.8. All curves are plotted in the same scale, which is shown at the top right.  

 
FIGURE 4. Measurement data of the amplitudes of the electric (green) and magnetic (blue) components of 

the plasma oscillations recorded in the frequency channels of 4600 Hz at 5 consecutive downward orbits. 
The horizontal axis of the E-component coincides with the longitude of the orbit at the equator. The brown 

stars with the number mark the centers of earthquakes from Table 1. The orange lines on the maps with 

the number at the top are the magnetic L-shells at the height of the satellite. 

Cosmos-1809 satellite data at 4600 Hz channels most representatively illustrate, taking into account measurements by other 

instruments, the features of the upper ionosphere over powerful natural and technogenic sources [23]. A comparison of the 

signals on November 14 and 16 over Forrest, the intensity of which did not change, and the TC 10B indicates:  

1. The intensity of plasma oscillations near LHR is highly dependent on the height of the solar shadow. On November 14, 

the shadow whose height below the satellite, shown in Fig. 4, November 16, shifted ~ 15 degrees latitude south. 

Therefore, in a less illuminated ionosphere, the signal is weaker.  

2. The strong electric and magnetic component in orbit 29816 which passed 15 degrees east of Forrest, is associated with 

LHR excitation in the perturbed ionosphere above the TC similarly to the situation considered in [8]. In orbit 29817 which 

passed 18 degrees to the east from the TC 10B which was located 2 degrees south of the magnetic equator a stronger LHR 

perturbation was observed in the magnetically conjugated ionosphere due to the action of the terminator. On orbit 29845 

passing between Forrest and TC 10B the formation of a magnetosphere channel which contains e / m oscillations of the 

whistling mode and electrostatic oscillations in the conjugated ionosphere is observed. In orbit 29846 west of the TCs over 

the TIDs, which arose after the terminator passed over the TCs, a well-formed cavity was observed. 
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3. Two spaced peaks in orbit 29817 near the equator are associated with earthquake No. 7 of Table 1. Ten hours before the 

earthquake, the TC 10B increased to 70 kt into the Bay of Bengal, while Forrest increased to 55 kt into South China Sea. 

The combined impact of TCs on the Indian Plate and Philippine Plate was transmitted to the Burma Plate where an 

earthquake occurred in the southeast ledge under East Sameule, Sinabang. Exactly the same earthquake occurred 2-Nov 

(No. 6, Table 1) while TC 09B passing into the Bay of Bengal and Super Typhoone Elsie passing into South China Sea. 

These earthquakes did not have a pre-shock and aftershocks this indicates a sharp change in the impact on seismic plates.  

4. Another TCs geometry was observed on November 22, when Forrest (85 kt) was in the north of the Bay of Bengal and 

Gay (to 145 kt) crossed the Marinas Trench and entered the Philippine Sea. The result was a deep earthquake in the 

middle of the eastern border of the Burma Plate (middle of the Nicobar Islands arc). Earlier on 16 November Forrest was 

near this fault but there was no earthquake.  

5. On November 15, TC 10B into the Arabian Sea and Forrest into the Andaman Sea synchronously intensified to 55 kt (100 

km / h) and an earthquake occurred in the Indian Ocean Triple Junction of 4.7 Mw. 

6. On November 14, a satellite in orbit 29819 passed over the focal point of an earthquake in Madagascar. According to the 

entire set of satellite instruments, 3 hours before the earthquake, precursors stood out here, examples of which are 

considered in the monograph [22]. On November 16, after an earthquake in orbit 29847, a highly disturbed region stands 

out to the west of the earthquake source. Indonesian earthquakes under No. 10-12 in Table 1, the centers of which are 

indicated on the right half of Fig. 4 belong to the class of ordinary earthquakes. 

7. The lower part of Fig. 4 shows the change in the ionosphere parameters depending on the position of the terminator above 

the Omega B transmitter, which effectively affects the E-layer of the ionosphere. Each Omega station transmitted a 

sequence of three very low frequency (VLF) signals (10.2 kHz, 13.6 kHz, 11.333... kHz in that order) plus a fourth 

frequency which was unique to each of the eight stations. The duration of each pulse (ranging from 0.9 to 1.2 seconds, 

with 0.2 second blank intervals between each pulse) differed in a fixed pattern, and repeated every ten seconds. These 

features are in good agreement with the parameters of the perturbed lower ionosphere from the occurrence of acoustic 

pulses during earthquakes and the development of the TC. 

TABLE 1 

SPECIFIC NUCLEAR TEST EXPERIMENTS AND EARTHQUAKES IN SEPTEMBER – NOVEMBER 1992. 

No. 
Date 

1992 

UT 

h : m 

Epicenter 

N / E 
Mw 

Depth 

km 
Area / Name 

1 18-Sep 17:00 37.2 / -116.2 3.8 2.3 NTS / Hunters Trophy 

2 23-Sep 15:04 37.0 / -116.0 4.2 1.83 Nevada Test Site / Divider 

3 23-Sep 21:59 29.8 / 51.1 5.1 35.0 Southern Iran 

4 24-Sep 00:52 -59.5 / -26.0 5.5 21.2 South Sandwich Islands region 

5 24-Sep 21:49 9.8 / 92.8 4.3 72.9 Nicobar Islands, India region 

6 02-Nov 01:41 2.1 / 95.7 4.7 33.0 Simeulue, Indonesia 

7 13-Nov 16:01 2.4 / 96.3 5.3 33.0 Simeulue, Indonesia 

8 14-Nov 05:55 -23.0 / 45.8 5.0 22.9 Madagascar 

9 15-Nov 07:02 -26.2 / 70.9 4.7 10.0 Indian Ocean Triple Junction 

10 15-Nov 15:57 -11.5 /115.0 5.0 33.0 South of Bali, Indonesia 

11 18-Nov 00:36 1.6 / 118.0 4.9 33.0 Kalimantan, Indonesia 

12 18-Nov 21:26 -7.3 / 106.2 5.3 48.2 Java, Indonesia 

13 21-Nov 22:40 -56.7 / -26.4 6.6 20.1 South Sandwich Islands region 

14 22-Nov 07:48 7.1 / 94.1 4.5 96.1 Nicobar Islands, India region 

IV. CONCLUSION 

1. After the Pinatubo eruption, TC enhancement in the Indian Ocean correlated with the development of Pacific typhoons 

was observed with an east wind in the lower stratosphere. 
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2. The earthquakes in Simeulue, Indonesia were caused by the joint intensification of TCs into the Bay of Bengal and into 

South China Sea on November 02 and 13.  

3. Earthquakes in Nicobar Islands, India region occurred after August 4, Super Hurricanes Janis and November 22 Gay 

crossed Marinas Trench and entered the Philippine Sea. Earthquakes in this area also occurred after intensification of the 

global TCs chain September 24 and intensification of TCs in the South Pacific Ocean and South Indian Ocean December 

8, 10 and 27.  

4. The earthquake in Indian Ocean Triple Junction November 15 occurred after the synchronous amplification of TC 10B 

into the Arabian Sea and Forrest into the Andaman Sea. According to the Centennial Earthquake Catalog, it was the only 

earthquake with Mw>2.5 in the region during the period of November 11-22. It is assumed that it was associated with the 

rise of the Indian Plate in the zone of development of two TC and the lowering of the edge of the Indian Plate in a node 

with two adjacent plates.  

5. Probably December 25, 2004, the intense tropical cyclone Chambo to 80 kt (150 km / h) in central South Indian Ocean 

lifted the southern edge of the Indian Plate. The eastern edge of the Indian Plate plummeted beneath the Burma Plate, the 

mega earthquake of 9.1 Mw and the Boxing Day Tsunami occurred. This situation requires further detailed consideration 

and refinement of the forecast of such events [24].  
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Novel Combinative Structure of High-Performance Solar Steam 

Device derived from Areca Nut 
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Abstract—A novel combinative structure, consisting of lateral hydrophobic pontoon oAN and central hydrophilic 

evaporator iAN, was designed for high-performance solar steam device. Both oAM and the iAN were derived from areca nut 

(AN), through different thermal and surface chemical treatments. With inferior water absorption and evaporation efficiency, 

the pontoon oAN nevertheless provides footage for the entire device, in contrast, although being efficient in water adsorption 

and evaporation, iAN requires the supporting oAN to keep its buoyancy. We therefore combined advantages of oAN and iAn 

to assemble a solar steam device with long-term stability and high solar thermal efficiency of ∼82% under 1-sun 

illumination. The idea using combinative structure as efficient solar steam device can be further extended to other potential 

systems, therefore, this study provided foundation for future development of novel solar steam devices. importance. 

Keywords—Solar steam generation, areca nut, pontoon, supporter, combinative structure. 

I. INTRODUCTION 

Solar-driven water evaporation
1-8

, which utilizes sunlight as a renewable energy source, is a promising approach to provide 

clean water with minimized environmental impact. Recently, an interfacial evaporation route using non submersible solar 

steam devices, has been proposed to improve heat localization at the liquid surface, which has successfully achieved high 

evaporation efficiency
9-17

. In this system, the confined thermal energy selectively heated up the water at the surface, thus 

minimizing heat loss to bulk water. Moreover, the surface temperature of the absorber is low due to effective evaporation, 

lowering radiation and convection heat losses at the absorber surface. With this scheme, solar-to-vapour conversion 

efficiencies can be as high as 90 this aspect, several natural materials, such as plants
18-21

, green leaf of Scindapsus aureus
22

 

and trees
23

, had been subjected to different surface treatments to result in interfacial evaporation systems for study. 

In general, interfacial system can be classified into direct and indirect contact systems according to the relative position of 

the solar steam devices to the water surface. Direct contact configuration used self-floating hydrophobic absorbers derived 

from various materials, such as nanoparticles
24,25

 monolithic aerogel and foams
6,26,27

, which are all capable of converting light 

into heat to vaporize the adsorbed water. However, this direct contact system is generally inferior in vaporizing the water, 

e.g. porous polymer–coding inorganic sheets
25 

exhibited a solar thermal conversion efficiency of 63.6% under 1-sun 

irradiation. Aside from the self-floating means, films consisting of the absorber materials coating on light-weight and 

hydrophobic scaffolds, such as stainless steel (SS) mesh
3
, polypropylene (PP) mesh

28
, gauze

29
, and carbon fabric

30
, were also 

reported. All these direct contact systems utilized hydrophobic absorbers, which have limited water vaporization routes and 

are therefore low in photo thermal conversion efficiency. 

In contrast, indirect contact system involved a bilayered structure, with the top absorber layer absorbing the solar flux 

without contacting the bulk water and the bottom supporting layer offering stable support for the top solar steam devices. In 

general, the bottom layers referred to microporous structure with interconnected channels for efficient water supply, for 

which carbonized mushroom
31

 and basswood
32

were previously used as hydrophilic components containing microporous 

channels for facile water absorption and vaporization, These carbonized mushroom and basswood exhibited a high 

conversion efficiency of 78% and 75%, respectively, but their long-term stability needed to be justified as we consider that 

the water adsorbed by the hydrophilic supporting materials would overload and sink the whole device eventually. The long-

term stability problem may be reasonably improved by using hydrophobic supporting system, instead. Previously, 

polypryrrole was used as the absorbent layer
30

on top of the supporting polypropylene (PP) membrane. This served as 

insulating layer minimizing the heat loss of the device to the bulk water, however, the reverse effect of the hydrophobic PP in 

preventing the water adsorption should just the conversion efficiency (58%) of the device. 
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SCHEME 1: Illustrations of shortcomings of hydrophobic oAN (upper left) and iAN (lower left), and the 

combinative solar steam device of aAN (right) containing the lateral oAN pontoons and central iAN 

evaporator. 

Rather than a bilayered structure mentioned above, this paper imparts new idea of using lateral pontoon (upper left, Scheme 

1) as efficient supporting component to lift the central evaporator (lower left) over the water surface for a long time. Through 

surface thermal and chemical modifications of the natural areca nut (AN), both hydrophobic oAN pontoon and hydrophilic 

iAN evaporator can be successfully prepared and combined to fabricate a solar steam device of aAN (right) with separate 

supporting and evaporating components. Supposedly, water-resistant oAN is a perfect pontoon capable of floating whole 

device over the water surface but the vapors produced by sun heat would bypass the oAN, which prohibits the potential of 

using oAN as water evaporator, due to the water-repellency of the hydrophobic oAN. On the other hand, hydrophilic iAN 

enables the efficient water absorption and vaporization but along the process, the infiltrated water inside iAN would 

eventually overload and sink the whole device into the cold underwater, at which place iAN is unable to function properly as 

water evaporator. Nevertheless, shortcomings of oAN and iAN can be smartly avoided by assembling both components into 

one single aAN device, which contains both the lateral oANs and the central iAN as the supporting and steam-generation 

parts (lower left), respectively. 

II. RESULTS AND DISCUSSION 

Taking advantage of the unique structure of the integrated aAN device (Scheme 2), functions of solar steam-generation, 

water pumping and evaporation as well as supporting pontoon are decoupled into two components, with central hydrophilic 

iAN for water pumping and evaporation and the lateral hydrophobic carbon black nanoparticles CM-coated oAN for lifting 

the whole device over water surface. The central iAN and the lateral oAN prepared from different thermal and chemical 

surface treatment procedures were then glued together to result in the aAN-based solar steam device capable of standing over 

water surface for long enough time (> 1 month). To prepare iAN and oAN, we needed to peel off the green shell of AN and 

cut it into two pieces. The enriched vascular bundle structure (magnified part of the upper leftmost) of the cut piece is 

beneficial for water adsorption and transport. The cut pieces were then dried under vacuum for 24 hr to obtain the dried AN 

for different treatments to result in iAN and oAN, respectively. 
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SCHEME 2: Preparation process of aAN-based solar steam device. 

Direct carbonization of the dried AN in a horizontal tubular reactor at 500
o
C for 2 hr provided hydrophilic iAN (Scheme 2) 

for use. In contrast, preparation of oAN required delicate chemical modification using a methylene diphenyl diisocyanate 

(MDI)-terminated poly (dimethyl siloxane) (MPD, cf. Experimental section for synthesis) as the multi-functional reagent, 

which enabled the facile crosslinking reactions between isocyanate groups of MPD and phenolic functions over the surface 

of the dried AN and also, served as excellent dispersant of carbon black (CB). End-capping of an amine-terminated poly 

(dimethyl siloxane) (PD) with hexamethyl diisocyanate (HDI) afforded MPD with urea linkages and isocycante functional 

groups at the ends. Previous study
33

 in our lab already verified the facile self-reaction of MPD that its urea linkages can 

attack its isocyanate terminals (lower) to result in hydrophobic crosslinking network. In the presence of dried AN, additional 

inter-reaction between isocyanate terminals of MPD and the surface phenolic OH functions of AN acted to reinforce the 

interfacial adhesion between the resulting crosslinked network and dried AN. Moreover, the MPD can be an excellent 

dispersant for CB, which can mix with equal weight of CB in tetrahydrofuran (THF) solvent to result in homogenous 

solution with long term stability. The hydrogen bond interactions between the urea NH and urea C=O of MPD and the 

COOH of CB are responsible for the homogeneous dispersion of CB by MPD. The homogenous THF solution was then 

applied over the surfaces of the dried ANs before being heated at 120 
o
C for 3 hr to result in homogenous CB-included CM 

composite. Large amounts of CB in CM composite should be gripped firmly by the crosslinked network since we see no sign 

of CB leakage after the whole aAN component had been placed on water for a long time (>1 month). 

Scanning electron microscopy (SEM) images of iAN (Fig. 1(a)-(b)) revealed its unique structure beneficial for the water 

adsorption, transport and vaporization. SEM morphology of iAN (Fig. 1(a) is similar with AN (Fig. 1(e)), which suggests 

that the enriched water paths in the pristine survive after high-temperature carbonization at 500
o
C. The enriched water paths 

of iAN were ensured by the abundant macro (red circle, Fig. 1(b)) and micro (blue circle) pores in the xy plane, as well as the 

macro (blue circle, Fig.1(c)) and micro (red circle) cylindrical channels in the yz plane. All the pores and channels with few 

to several micrometers in sizes formed a continuous 3D porous network, which provides versatile routes for the water 

adsorption and transport. Under the assistance of capillary force and additional driving force induced by water evaporation, 

water transported fluently from the bottom of bulk water to the top surface of iAN. In addition, the peeling of surface layer 

during preparation step left a plethora of broken channels (Fig. 1(d)) on the surface of iAN, which are open to the air and 

under sunlight illumination, the open channels provide facile vaporization paths to the air.  
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FIG. 1. SEM images of (a) iAN with the x, y, and z directions, (b) iAN with the macro (red circle) and micro 

(blue circle) pores in spherical shape, (c) iAN with the macro (blue circle) and micro (red circle) channels 

in cylindrical shape, (d) surface view of iAN with the broken vessels, (e) dried AN and (i) oAN with the 

rough surfaces. Absorptions of water droplets by the surfaces of (g) dried AN and (h) iAN, and (i) AN and 

(j) optical images of the floating oAN and the sunken An and iAN. 

Moreover, SEM can identify the morphological difference between dried AN (Fig. 1(e)) and oAN (Fig. 1(f)). Except the 

broken channels, surface of dried AN is relatively smooth compared to the rough, wrinkled surface of oAN. The rough 

surface of oAN is full of the CB-included CM composite, which is hydrophobic layer with repellence to the incoming water. 

This rough, wrinkled surface of oAN is of great importance in view that such morphology dramatically raised the surface 

roughness to provide a composite interface in which air became trapped within the grooves under water, therefore inducing 

hydrophobicity with phenolic OH groups and the enriched porous structure, dried AN can absorb water readily. After 

carbonization, the enriched pores and channels of iAN provided the fluent water absorption and transport paths and therefore, 

the hydrophilicity of the sample. Surface wetting is another important parameter, which influences interfacial solar 

membrane performance. The round water droplet deposited on the surface of the dried AN was still elliptical in shape within 

1 s (Fig. 1(g)), in contrast, the round water droplet was completely absorbed by the hydrophilic iAN (Fig. 1(h)) within the 

same 1 s period. A hydrophobic surface with excellent water droplet roll-off is the desired property of oAN, which depends 

not only on the chemical nature on the hierarchical structure of the surface. Due to the nanoscale roughness and the 

hydrophobic nature of the CM coating, the modified oAN is hydrophobic in nature and the water droplet, dropped on the 

surface of oAN, immediately rolled off (Fig.1(i)) and yet, kept the spherical shape with a high contact angle ( > 140 
o
). Even 

when pressed into the water, the black hydrophobic oAN can spontaneously float again (Fig.1(j)) because of the air 

“cushion” of the hydrophobic surface. In comparison, the dried AN and the carbonized iAN would sink into the bottom of 

the beaker as time goes by. Because the hydrophobic oAN can float on the air-water interface for a long time, it should serve 

well as pontoon to float the aAN device. 

We chose CB as the light-absorbing material, because CB is a natural light absorber with a rich source of raw materials, 

together with very mature and low-cost industrial production. The incorporation of crosslinked network with CB resulted in 

stable light absorber of CM, which can be seen from comparing the optical properties of iAN with other light-absorbing 

materials (Fig. 2(a)), such as CM-coated wood and paper. The absorbance (A), reflectance (R) and transmittance (T) in the 

wavelength range from 190 nm to 2250 nm can be easily detected and analyzed with the simple relationship of A = 1 – R – 

T. As shown in Fig. 2(b) and (c), iAN is low in reflectance (less than 5% in the visible light region and less than 10% in the 

whole measurement region) and exhibits a near-zero transmittance. Accordingly, the absorbance of iAN (> 92 %, Fig. 2(d)) 

is superior to CM-coated wood and paper throughout the whole measurement region, which provides foundation for using 

iAN as the water evaporator in this study. 
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FIG. 2. (a) The appearance of oAN and the CM-coated wood and paper, and the UV-Vis spectra to trace the 

(b) reflectance, (c) transmittance and (d) absorbance in the wavelength range from 190 nm to 2250 nm, (e) 

Infrared photos of the aAN surfaces, (f) 3D display of infrared photos of the aAN surfaces, in order from 

left to right, correspond to t = 0, 30, 180, 600, 1200, and 3600 s after illumination and (g) maximum and 

average temperatures of the surfaces of aAN as a function of time. 

To evaluate the enhanced water vaporization of the free-floating aAN device, infrared thermal images (Fig. 2(e)) along with 

the 3D display (Fig. 2(f)) under 1-sun intensity were captured and the temperature profiles of aAN and the surrounding water 

were detected and analyzed. Temperature of aAN was relatively low (34
o
C) initially, indicating strong intrinsic evaporation 

as expected. The maximum (Tmax) and average (Tav) temperatures plotted in Fig. 2(g) give clear view on temperature 

variation as a function of illumination time that both Tmax and Tav rose rapidly once the illuminating light was turned on. 

Within 20 min of light irradiation, both Tmax and Tav reached steady values and after 1 hr of illumination, Tmax and Tav both 

reached 54 °C and 44
o
C, respectively, which are high due to the high absorbance (> 92%) of the iAN evaporator.  

We then compared the evaporation rates and energy conversion efficiencies of the integrated aAN with CM-coated paper and 

wood by accurate examination of the corresponding weight changes (Fig. 3(a)) of all samples under 1-sun illumination. The 

aAN exhibited the largest mass changes among all samples, including pure water, oAN, iAN and CM-coated wood and 

paper. The evaporation rates here were calculated from the slope of the resolved curves, which gave relative evaporation 

rates of all samples under illumination. Here, because of the larger evaporating areas endowed by high fraction of pores and 

channels, the aAN exhibited a high evaporation rate of 1.31 kg m
−2

 h
−1

, which is comparatively higher than those of CM-

coated paper (0.83 kg m
−2 

h
−1

) and wood (0.38 kg m
−2 

h
−1

) as well as oAN (0.18 kg m
−2 

h
−1

) and iAN (0.54 kg m
−2 

h
−1

). The 

hydrophobic CM coating tends to repel water to result in inferior water evaporation rates of the CM-coated paper, wood and 

oAN. The inferior evaporation rate of oAN and iAN indicates that both components are essential parts for aAN and cannot 

serve alone as efficient solar steam device. As the concepts illustrated in Scheme 1, the limited water absorption of the 

hydrophobic oAN and the inferior water evaporation of the submersible iAN are responsible for the low efficiencies of iAN 

and oAN, respectively. The energy conversion efficiency (𝜂) is defined 𝜂 = m ℎ𝐼𝑣/𝑃𝑖𝑛 , where 𝑚  is the mass flux of steam, 

denotes the liquid–vapor phase change enthalpy, and 𝑃𝑖𝑛  is the received power density of light illumination. In our instance, 

the efficiency of aAN was calculated to be 82% (Fig. 3(b)), which is higher than those of oAN (11%), iAN (34%), CM-

coated paper (52%) and wood (24%). 
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The real durability of aAN in seawater needed to be considered for practical application and in this aspect, simulated sea 

water (a 3.5 wt% NaCl aqueous solution) under a simulated solar light intensity of 1-sun was applied and the desalination 

results were summarized in Fig. 3(e)-(f). Over the seawater for 2 hr, the wetted aAN was weighted to determine the weight 

change and dried in oven before next cyclization measurement. It is found that the performance is maintained for at least 5 

cycles, with each cycle being over 2 hr. The resolved weight changes (Fig. 3(c)) over 5 cycles are almost the same and the 

calculated efficiency changes followed the same pattern that the initial efficiency curve versus time (Fig. 3(d) increased 

rapidly before becoming flatten, similar with the efficiency curve of sea water. According to the result, the efficiency 

retentions (Fig. 3(e)) over 5 cycles are almost the same, all with the resolved straight line paralleling to the X-axis, which 

points out that the solar steam device of aAN with a combinative structure is excellent in durability. It is curious to know the 

salt deposition situation, which can be evaluated from the SEM images of the samples after 5 cycles of 1-sun illumination, on 

the hydrophobic oAN (left, Fig. 3(f)) as well as the hydrophilic iAN (right). For oAN, few NaCl particles (yellow arrows) 

were deposited on the external surfaces, which suggested that adsorption of the saltwater was blocked by the hydrophobic 

surface of oAN. In contrast, the large amounts of salts were deposited over the outside and inside of the pores present in iAN 

sample, which clearly demonstrated the capability of iAN in adsorbing, transporting and vaporizing seawater. The NaCl salts 

in saltwater resulted in an evaporation efficiency (76%) slightly lower than that (82%) from the pure water, nevertheless, the 

resolve value of 76% is still higher than most of the reported data. Conductivity from LCR meter can be used to measure 

NaCl concentration in the saltwater before and after desalination. The concentration of sodium ion collected from the water 

in the condensation chamber was significantly decreased by at least four orders of magnitude after desalination, which was 

far below the salinity levels defined by World Health Organization (WHO), i.e. 1000 mg L
-1

 and the US Environmental 

Protection Agency, i.e. L
-1

, respectively. The successful solar desalination process of NaCl solution (3.5 wt%) further proves 

that our aAN exhibits good salt resistant property. 

III. CONCLUSION 

In summary, we have introduced a novel solar steam device aAN, with lateral hydrophobic oAn as supporting pontoon and 

central hydrophilic iAN as evaporator, for highly efficient solar steam device. With the hydrophobic CB-coated CM outer 

layer, oAN acted as efficient supporting material, in contrast, owing to the natural vessel structure and hydrophilicity, the 

iAN formed an ideal water adsorption, transport and vaporization system for solar steam device. In our instance, the 

efficiency of aAN was calculated to be 82%, which is higher than those of oAN (11%), iAN (34%), CM-coated paper (52%) 

and wood (24%). Although the evaporation of seawater by aAN is lower than that of pure water system, the desalination 

process still maintained a high conversion efficiency of 76% and showed a high value of 72% after 5 experiment cycles. 

Importantly, we had demonstrated that AN, a low-cost material ($1.1 per kg), which can be easily obscured in the street 

corners of Asian cities, can be used to derive efficient solar steam device, through ingenious design idea using pontoon as 

separate supporting component. The idea of using pontoon as separate component of an efficient device can be extended to 

other existing or potential hydrophilic light absorbers, e.g. paper and wood. 

IV. EXPERIMENTAL SECTION 

4.1 Materials 

Good-quality AN was purchased from a betel nut stand in Kaohsiung city, Taiwan. Amino-terminated poly(dimethyl 

siloxane) (PD, Mw~ 2,500 g/mol), MDI and CB were all purchased from Sigma-Aldrich. Tetrahydrofuran (THF) was 

refluxed with benzophenone and sodium for 2 days in prior to distillation for use. 

4.1.1 Preparation of hydrophilic carbonized areca nut (iAN) 

Before carbonization, AN was dried under sun light at least 24 hr after thorough washing to remove any greasy or dust 

materials. The sun-dried AN was then heated in an oven at 120°C for 24 hr to remove moisture. Carbonization was carried 

out in a horizontal tubular reactor at 500
o
C for 2hr under nitrogen flow. The heating rate and nitrogen flow rate were 5°C/min 

and 200 mL/min, respectively. The sample was cooled down to room temperature under nitrogen atmosphere and was 

labeled as iAN (yield = 78%). 

4.1.2 Preparations of MPD 

MPD was required to be prepared first by the reported procedures
33

. Before reaction, PD needed to be dried under vacuum at 

80
o
C for 1 hr. Then, into an argon-blanketed, vigorously-stirred solution of PD (0.5 g, 0.1 mmol) in THF (10 mL), solution 

of MDI (55 mg, 0.2 mmol) in THF (5 mL) was added dropwise. The resultant mixture was then heated at 60
o
C for 5 hr under 
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argon atmosphere. Then the reaction mixtures were subjected to vacuum distillation at 70
o
C to remove most of the residual 

THF to obtain the desired MPD. 

4.1.3 Preparation of hydrophobic MPD/CB (CM)-coated oAN 

The unmodified AN was dried under sunlight for at least 24 hr after thorough washing to remove any greasy or dust 

materials. The sun-dried AN was then heated in an oven at 120°C for 24 hr to remove moisture. The dried AN was then 

immersed into a solution of MPD and CB in THF and the whole solution mixtures were stirred for another 2 hr for 

maximizing the absorption of MPD and CB. The MPD can be an excellent dispersant for CB, which can mix with equal 

weight of CB in tetrahydrofuran (THF) solvent to result in homogenous solution with long term stability. Then, the MPD/CB 

(CM) - coated AN was heated to cure at 120
o
C for 3 hr to obtain the desired oAN. 

4.2 Characterization 

Scanning electron microscope (SEM) images were recorded using a Jeol JSM-6700F microscope operated at 10 kV. A Krüss 

GH-100 goniometer interfaced to image-capture software was used to measure the static WCA. For the contact angle of 

water droplet (5 uL) over surface of AN, iAN and oAN were measured using an FDSA MagicDroplet-100; each reported 

contact angle represents the average of six measurements. The simulated solar irradiation was provided by a MFS-PV 

BASIC (Hong-Ming Technology Co., Ltd.). Solar and the light intensity was adjusted to 1000 W m
-2

. The UV-v is 

absorption, transmittance and reflectance spectra were recorded with a JASCO V-770 spectrophotometer. IR images of 

infrared photos were taken by IR Thermographic Camera (Sonel KT-80). The 3D display of infrared photos is draw using the 

Sonel ThermoAnalyze2 software. The electric properties were determined at room temperature by an LCR meter (Tonghui 

TH2829) at 1 kHz with taking five points for each data to average. The measurement distance of the two resistance 

measurers is fixed at 1 cm. The 1H NMR spectra were recorded by a Varian Unity VXR-500 MHz instrument. FTIR spectra 

were recorded from a Bruker Tensor 27 FTIR spectrophotometer; 32 scans were collected at a spectral resolution of 1cm
-1

. 

The solid powders were homogeneously blended with KBr before pressed to make pellets for measurement. 
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Discussion on Inexact Optimal Solution under Fuzzy Environment 
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Abstract—The purpose of this paper is to explain that a convex combination of several partial solutions using a new 

criterion which did not solve the fuzzy problem. The main feature of this paper is twofold. First, we prepare a simple 

optimization problem to explain the previously proposed approach that considered criteria separately. Consequently, we 

conclude, previous results are partial solutions. Secondly, we study the same optimization problem as the one that appears in 

a previously published paper. After his new criterion is added, we solve the new fuzzy optimization problem to demonstrate 

that the previous solution is not the optimal one. Hence, the previously proposed approach is questionable and then his 

assertion of the meaninglessness of the exact optimal solution for the fuzzy problem cannot be treated as a valid statement. At 

last, we cite a paper that had referred to the questionable approach which had been improved by another published article to 

support our argument. 

Keywords—Fuzzy set, decision making, optimization, genetic algorithms, linear programming. 

I. INTRODUCTION 

Zadeh [1] introduced the concept of fuzzy set theory, and then Bellman and Zadeh [2] proposed the decision-making problem 

in a fuzzy environment. Zimmermann [3] applied the fuzzy set theory with proper membership functions to solve linear 

programming problems with several objective functions. Fuzzy set theory not only provided a mathematical way of 

representing imprecision or vagueness but also fuzzy linear programming has been applied to many practical areas such as 

production planning, resources allocation, transportation problems, and so on. Based on Zimmermann’s method, the fuzzy 

objective functions, and fuzzy constraints and transferred to crisps ones by membership functions with the max-min operator. 

Hence, a unique exact optimal solution with the highest membership degree is derived. However, Wang [5] assumed that the 

exact optimal solution may not be desired by the decision-maker, owing to there being another criterion that is preferred by 

the decision-maker. He first found a family of inexact solutions, with an acceptable membership degree, that is obtained by a 

genetic algorithm with mutation along the weighted gradient direction. These solutions developed a convex set in the 

neighborhood of the exact optimal solution. Next, under the new criterion, he considered human-computer interaction to 

derive his fuzzy optimal solution. There are ten papers (e.g., Tang and Wang [6]; He et al. [8]; Ma et al. [9]; Tang et al.[10]; 

Van Hop [11]; Chiu et al. [13]; Lu et al. [14]; Baykasoglu and Gocken [15]) which have referred to Wang [5] in their 

references. However, none of them discovered the questionable results of Wang [5] that will be explained and revised in this 

paper. In this paper, we will carefully examine Wang’s approach. After we add the new criterion preferred by the decision-

maker into the fuzzy optimization problem, the result is that Wang’s method will derive an unwarranted solution. We will 

demonstrate that his approach has a severe logic fault and that his assertion of “exact optimal solution in the fuzzy 

environment is meaningless” should be treated as invalid. 

II. MATERIALS AND METHODS 

The detailed description of Wang’s approach, please refer to his paper. In the following, we just provide a very brief 

introduction. He mentioned that “However, the exact optimal solution may not be desired by the decision maker, because the 

membership function is not the preference criterion of the decision-maker. In general, the data are imprecise in a fuzzy 

environment, thus, it is meaningless to calculate an exact solution.” 

It means that there are two fuzzy optimization problems. We explicitly define as 

a) The original fuzzy optimization problem, before the new criterion is added. 

b) The new fuzzy optimization problem, after the new criterion, is added. 

In the beginning, without the new criterion, Wang [5] considered the original fuzzy optimization problem to use a genetic 

method to obtain a family of acceptable solutions. Those solutions are in the neighborhood of the exact optimal solution for 

the original fuzzy optimization problem. 
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Next, a new criterion is added, so that Wang tried to solve the new fuzzy optimization problem. He studied the convex 

combination of two points in the family that satisfies the new criterion, and then he claimed that his solution is the fuzzy 

optimal solution. 

III. RESULTS 

3.1 Discussion of Wang’s approach 

Wang’s solution is a convex combination of several solutions in the neighborhood of the original exact optimal solution 

(before the new criterion is added), different genetic computation will produce different results to constitute the family of 

inexact solutions with acceptable membership degree. Therefore, researchers following Wang’s method will derive different 

fuzzy optimal solution depending on the results of the genetic algorithm. For fuzzy optimization problems, different 

researchers applied the same method to derive different results that seem quite suitable under imprecise condition. However, 

let us consider the following problem: 

max x y             (1) 

 s.t. 0x  , x y , and 
2 2 1x y  .          

The new criterion preferred by decision-maker is 

0y               (2) 

We will follow Wang’s method to solve the above problem. If we assume that the acceptable solution has to satisfy 

0.5x y  . Next, we check the convex property of the constraint 

x y               (3) 

That is, if  1 1,x y  and  2 2,x y  satisfy equation (3), then the convex combination     1 1 2 2, 1 ,x y x y    with 

0 1   also satisfies equation (3). 

The convex property of the constraint 

2 2 1x y  ,             (4) 

can be verified as follows. We assume that  1 1,x y  and  2 2,x y  satisfy equation (4), then the convex combination is 

         1 1 2 2 1 2 1 2, 1 , 1 , 1x y x y x x y y                  (5) 

We evaluate that 

     
2 2

1 2 1 21 1x x y y         

        
22 2 2 2 2

1 1 2 2 1 2 1 21 2 1x y x y x x y y           .  (6) 

We can consider 1 2 1 2x x y y  as the inner product of  1 1,x y  and  2 2,x y , the owing to Schwarz’s inequality, with 

2 2

1 1 1x y   and 
2 2

2 2 1x y  , we know that 

2 2 2 2

1 2 1 2 1 1 2 2 1x x y y x y x y               (7) 

so that we may rewrite equation (6) as 

         
2 2 22

1 2 1 21 1 1 2 1 1x x y y                       (8) 

Hence, the convex combination also satisfies equation (4). Similarly, the constrain, x1, x2 0x , also has convex property. 
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Before the new criterion, equation (2) is added, for the original fuzzy optimization problem, applying some iterative process, 

among many results, for examples, we select    1 1, 0.995,0.1x y   and    2 2, 0.954, 0.3x y    to create the family 

of inexact solutions. 

Next, the new criterion, equation (2) is added, following Wang’s approach, we need to solve the convex combination that 

satisfies the new criterion, that is 

      1 1 2 2, 1 , ,0x y x y x              (9) 

to find that 0.75   and 

      1 1 2 2, 1 , 0.985,0x y x y             (10) 

Wang [5] believed that  0.985,0  is the fuzzy optimal solution by his approach. 

We must point out that the new criterion of equation (2) should be obeyed by every researcher who tried to solve the original 

problem of equation (1). It is independent of the solution method. Hence, after the new criterion of equation (2) is given, then 

the optimization problem already changed to 

max x y
            

 (11) 

s.t. 0x  , x y , 0y   and 
2 2 1x y  . 

We may rewrite equation (10) as follows 

max x
            

 (12) 

s.t. 0x   and 
2 1x  , to derive the exact optimal solution 

* 1x   and 0y              (13) 

Wang [5] claimed that the result of equation (10) is the fuzzy optimal solution. However, the exact optimal solution of 

equation (13) is meaningless. 

We have to say that Wang [5] forgot to realize that the new constraint must be used by every practitioner so the optimization 

problem already changed from equation (1) to equation (11), or simplified version, equation (12). Wang [5] insisted on using 

some partial solutions for the equation (1), and then considered the new criterion later to obtain his result. It means that in 

Wang’s approach, criteria can be considered separately. 

In the following, we will demonstrate in detail that this separate consideration of constraints will produce chaos. We will 

consider the previous problem in four steps. 

First, we only consider 

max x y              (14) 

s.t. 0x   and 
2 2 1x y  . 

And then under some complicated computation to select two initial solutions, for examples,    1 1, 0.6,0.8x y   and 

   2 2, 0.6, 0.8x y   . 

Second, we consider the new criterion, 0y   to find 0.5   and 

      1 1 2 2, 1 , 0.6,0x y x y   
         

 (15) 

Third, we check whether or not the constraint, x y  is satisfied, and then discover that 0.6 0 0.6 0   . 



International Journal of Engineering Research & Science (IJOER)                  ISSN: [2395-6992]             [Vol-5, Issue-9, September- 2019] 

Page | 38 

Fourth, we check the acceptable solution that has to satisfy 0.5x y  . It shows that 0.6 0 0.6 0.5   . 

According to the above discussion, a fuzzy optimal solution,  0.6,0 , proposed by Wang [5] is obtained. 

Before the convex combination, both    1 1, 0.6,0.8x y   and    2 2, 0.6, 0.8x y    are not satisfy the criterion of 

x y  and 0.5x y  . However, afterward, the convex combination,  0.6,0  accidentally satisfies their two criteria. It 

indicates that by Wang’s approach, some illogical solution can be the cornerstone of the next step derivation. It reveals that 

Wang’s approach is not inexact but arbitrary. 

The above example illustrates that Wang [5] committed a severe logic mistake in separately considering those constraints. 

Those constraints should be examined simultaneously. 

3.2 A numerical example 

In this section, we reconsider the numerical example of Wang [5], and we will point out the questionable aspects of the 

results of Wang [5]. 

A plant tries to produce two kinds of products, A and B, and the net profit of A and B are 6 and 4. The production of A and B 

needs labor time and a kind of main material. The labor and material requirements of each A are 2 labor unit time and 4 

units, separately. Those of B are 3 labor unit time and 2 units. The available labor time is 70 units. By using overtime work, 

the plant can have an additional 30 units of labor time. The available material amount is 100 units, and there are 20 units 

safety storage of the material which is controlled by the general manager of this plant. The decision maker hopes that the 

objective profit reaches 200, at least not less than 160, and the overtime work and consumption of safety storage are not used 

too much. Hence, Wang [5] tries to consider the following fuzzy objective/resource optimization problem: 

max               (16) 

s.t.    0 1 2 1 2, 6 4 200 1 40g x x x x               (17) 

   1 1 2 1 2, 2 3 70 1 30g x x x x               (18) 

   2 1 2 1 2, 4 2 100 1 20g x x x x     
        

 (19) 

1 2, 0x x  ,  0,1  . 

By the Zimmermann’s tolerance approach, Wang mentioned that the exact optimal solution is    * *

1 2, 20,15x x  , 

 * *

1 2, 0.5
S

x x   and the optimal value is 180. Wang [5] tried to use a genetic method with the mutation along the 

weighted gradient direction. The population size is 100NG  , the acceptable membership degree is 0.3   to solve this 

problem. After 228 generations, Wang [5] claimed that the solutions  2 0z  and  2 1z  are better, and then he selected the 

labor constraint as the comparison criterion for  2 0z  and  2 1z . He mentioned that if the combination coefficient 

0.9116   then there is no overtime. Wang [5] derived the combined solution 

       2 1 1 2 0 25.1715, 6.5523z z z             (20) 

the objective value,  0 177.2383g z  , the membership function,   0.31047
S

z  , and the constraints,  1 70g z  , 

 2 113.7907g z  . 

Following Wang’s [5] descriptions, the new condition is that there is no overtime. Therefore, practitioners should consider 

the following new fuzzy objective/resource optimization problem: 

max               (21) 
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s.t.    0 1 2 1 2, 6 4 200 1 40g x x x x               (22) 

   2 1 2 1 2, 4 2 100 1 20g x x x x               (23) 

1 2, 0x x  ,  0,1  . 

IV. DISCUSSION 

4.1 Our approach for the numerical example of Wang [5] 

Our simple way to solve the above optimization is to assume that. 1 22 3x x A  , with 70A . Hence, we replace 2x  by 

 12 / 3A x  to rewrite the fuzzy objective/resource optimization problem: 

max               (24) 

s.t. 15 2 240 60x A               (25) 

14 180 30x A                (26) 

70A , 10 35x  ,  0,1  . 

From the restriction of 1x , it yields that 

1

240 60 2 180 30

5 4

A A
x

    
           (27) 

It follows that 

20 130 70A               (28) 

and then 

5
0.385

13
               (29) 

We find the maximum possible of   under the new criterion. 

It implies that if we take
5

13
   and then solve the inequality of equation (28), then 70A  so that it rewrites equations 

(27) as 

1

320 320
24.615

13 13
x              (30) 

Hence 0g  and 2g  are both active, and then we obtain that 2 6.923x  ,  0 175.385g z  , 1 70g  ,  2 112.308g z   

and   0.385
S

z  . 

Our solution attains the maximum value of . On the other hand, Wang’s [5] result,   0.31047
S

z   did not attain the 

maximum value of . 

Our work reveals that Wang’s approach did not solve the fuzzy objective/resource optimization problem under his new 

conditions. Consequently, based on Wang’s inexact approach his claim of the meaninglessness of the exact optimal solution 

for fuzzy problems is questionable. 
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4.2 Our patchwork for another problem in Wang [5] 

For completeness, we will prepare a patchwork to show another problem in Wang’s inexact approach to finding the fuzzy 

optimal solution. 

In our demonstration example, before the new criterion, equation (2), is added into the system, for the original fuzzy 

optimization problem (applying some iterative process, among many results), we select    1 1, 0.995,0.1x y   and 

   2 2, 0.954,0.3x y   to create the family of inexact solutions. 

Next, the new criterion, equation (2) is added, following Wang’s approach, we need to solve the convex combination that 

satisfies the new criterion, that is 

      1 1 2 2, 1 , ,0x y x y x              (31) 

Under the condition 0 1  , it yields that there is no solution for . 

This illustrates an implicit problem in Wang’s approach: Why are there points on the convex combination that satisfy the 

new criterion? 

Next, we return to the example of Wang [5]. If the decision-maker hopes to achieve a big profit and more product B, then he 

will select the labor constraint as the comparison criterion for 2(0)z  and 2(2)z . 

It means  2(0) 20.0293,16.8886z   and  2(2) 15.4291,19.9664z  , with the convex combination 

        2(0) 1 2 2 15.4291 4.6001 ,19.9664 3.0778z z             (32) 

with 0 1  . However none of them satisfies the new criterion, that is 

   2 15.4291 4.6001 3 19.9664 3.0778 70             (33) 

Equation (33) has only one solution at 625.223   that is not in the domain of  0,1 . 

We may raise another question: if there are two solutions, 1  and 2 , with 1 20 1     so that both 

    1 1 1 1 2 2, 1 ,x y x y    and     2 1 1 2 2 2, 1 ,x y x y    satisfy the new criterion, then which one will be 

selected by Wang [5]? 

The above example illustrates that in Wang’s family of the preferred solutions for selection, if the decision-maker selects 

2(0)z  and 2(2)z , then none of the convex combinations satisfy the new criterion. Wang did not tell us what the next step 

is when he failed to find  0,1 . 

V. CONCLUSION 

This paper has carefully examined Wang’s [5] approach to solve a fuzzy optimization problem when a new criterion 

preferred by the decision-maker is added to the fuzzy optimization problem. The consequence is that Wang’s method derives 

an unwarranted solution. Furthermore, it demonstrates that Wang’s [5] approach has a severe logic fault, and did not solve 

the fuzzy problem under the new conditions. Moreover, we have shown how, when the new criterion is added to Wang’s 

example, one can derive the correct optimal solution. At last, we recall that Van Hop [12] referred to Wang [5] to develop his 

solution process to solve linear programming problems under fuzziness and randomness environment. Chou et al. [16] 

pointed out that there are questionable results in the solution process of Van Hop [12] and then Chou et al. [16] provided a 

revision for Van Hop [12]. 
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Abstract—We discuss two motivations proposed by Sphicas (2006). First, after Lin (2019), we provide another partition for 

the feasible domain to show that there are at least three partitions to point out that the first motivation of Lin (2019) is not 

sufficient to support his solution procedure. For the second motivation of Sphicas (2006), we provide a detailed examination 

from the algebraic point of view to claim that his second motivation containing severe questionable results. We suggest 

researchers presenting a primitive algebraic method for inventory models with fixed and linear backorder costs. 

Keywords—Inventory models, algebraic method, fixed backorder cost, linear backorder cost. 

I. INTRODUCTION 

Sphicas[1] is the first paper to use the algebraic method to solve inventory models with fixed and linear backorder costs. 

Sphicas [1] applied a genuine method to partition the domain into two cases and then derived the optimal solution by 

algebraic methods. However, his genuine method is too sophisticated that is beyond imagined of ordinary practitioners, such 

that Cárdenas-Barrón[2], Chung and Cárdenas-Barrón[3], and Sphicas [4] provided further discussions for the same 

inventory models. Recently, Lin [5] mentioned that the algebraic approach provided by Sphicas [1] is too complicated for 

ordinary readers to absorb the motivation explained by Sphicas [1]. Consequently, Cárdenas-Barrón[2], Chung and 

Cárdenas-Barrón [3], and Sphicas [4] provided different algebraic to solve the same inventory model with linear and fixed 

backorder costs. Lin [5] pointed out Cárdenas-Barrón[2] containing several severe problems and then Lin [5] claimed that a 

primitive approach will be an interesting research topic for future researchers. In this paper, we will provide further 

discussion for the motivation proposed by Sphicas [1] for his algebraic method. 

II. NOTATION AND ASSUMPTIONS 

Our paper is focused on discussion with Sphicas [1]. To be compatible with Sphicas [1], we will adopt the same notation and 

assumptions that were used in his paper. 

Notation 

D is the demand rate per unit of time. 

h is the holding cost per unit, per unit of time. 

K is the ordering cost (setup cost) per order.  

p is the backorder cost per unit, per unit of time (linear backorder cost).  

Q is the order quantity.  

SQ  is the beginning inventory level, after backlogged quantity S .  

r is an auxiliary expression, with  phr  .  

S is the backlogged amount.  

TC is the total cost per unit of time.  

 is the backorder cost per unit (fixed backorder cost). 

Assumptions 

1. The model is developed for only one product.  

2. The inventory model is developed for an infinite planning horizon such that the goal is to minimize the first (and repeated) 

replenishment cycle.  
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3. The demand rate is constant over the entire planning horizon.  

4. The shortages are allowed and fully backlogged.  

5. There are two types of backorder costs: a linear backorder cost that is applied to average backorders per unit of time and a 

fixed cost that is applied to maximum backorder level without considering the backlogged waiting period. 

III. A REVIEW FOR THE PARTITION OF THE DOMAIN OF SPHICAS [1] 

In the following, we will provide a detailed discussion for the partition of the domain into hDKD 2 and 

hDKD 2 . 

If we observe the optimal solution derived by Sphicas [1] for the ordering quantity, 
*

2EOQ , as 

 
hp

DphDK
EOQ

22
*

2

2 
           (3.1) 

to imply a positive solution for 
*

2EOQ , then we will imply the following condition: 

  222 DphDK 
           

(3.2) 

In Sphicas [1], he divided the solution procedure into two cases: Case (A): 

DKhD 222              (3.3) 

and Case (B): 

222 DDKh              (3.4) 

Here, we must point out that for Case (A), under the restriction DKhD 222  , Sphicas [1] mentioned that backlog is too 

expansive such that 0* S  and hDKQ 2*   which is the traditional EOQ model without shortages. 

For Case (B), under the restriction 
222 DDKh  , Sphicas [1] derived 

ph

DhQ
S







             (3.5) 

then he plugged the finding of (3.1) into (3.5) to ensure 0S  that is  hDQ   to find that the condition of (3.2), to 

guarantee 0Q , is not enough to imply the backorder quantity is positive. A stronger the condition 

222 DDKh              (3.6) 

Appears that is the Case (B) proposed by Sphicas [1]. 

For ordinary readers to accept the   222 DphDK   after (3.1) already derived that is reasonable, since from the 

numerator   222 DphDK  , to guarantee the numerator is positive to derive the condition of (3.2) will be 

understandable by researchers. 

However, it is too difficult for ordinary readers to predict that 
222 DDKh   of (3.4) in advance as proposed by Sphicas 

[1]. In Sphicas [1], he provided the first motivation for his approach as follows. 

Based on Sphicas [1], the objective function for inventory models with two backorder costs: linear and fixed, is denoted as 
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Q

DS

Q

pS

Q

SQh

Q

DK
SQTC







22
,

22

         (3.7) 

From (3.7), Sphicas [1] executed the following the derivation [1], 

   
Q

DS

Q

pS

h

DK
SQ

Q

h
SQTC













2

2

2
,

2
2

        (3.8) 

To complete the square of  
h

DK
SQ

22
 , Sphicas [1] derived that 

     
h

DK
SQ

h

DK
SQ

h

DK
SQ

2
2

22
2

2









        (3.9) 

such that (3.8) is rewritten as follows 

   
 

Q

SDKhD

Q

pS

h

DK
SQ

Q

h
SQTC

2

2

2

2
,

2
2














DKh2      (3.10) 

Sphicas [1] mentioned that if DKhD 222  , then all terms in (3.10), with non-negative coefficient such that the optimal 

solution for S  should be zero, as 0* S , with hDKQ 2*  . 

IV. A REVIEW FOR THE PARTITION OF THE DOMAIN OF LIN [5] 

In Lin [5], he demonstrated that the rewriting of (3.7) is not unique. We recall the derivation of Lin (2009) since he rewrote 

(3.7) as follows 

     
Q

DS

Q

SQh
DKpS

Q
SQTC







2
2

2

1
,

2

2
        (4.1) 

To complete the square of DKpS 22  , Lin (2009) derived that 

  SDKpDKSpDKpS 2222
2

2           (4.2) 

Such that (3.8) is rewritten as follows 

       
Q

SDKpD

Q

SQh
DKSp

Q
SQTC

2

2
2

2

1
,

2
2 







      (4.3) 

If we observe (4.3), to make sure all coefficients are non-negative, then the next condition is derived, 

DKpD 222              (4.4) 

V. OUR EXAMPLE TO PARTITION THE FEASIBLE DOMAIN 

In this section, we will show another partition for the feasible domain to indicate there are at least three partitions for the 

feasible domain. We rewrite (3.7) as 

      SDhQDKSphhQ
Q

SQTC  22
2

1
, 22

       (5.1) 

under the restriction of QS 0 and Q0 . 
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If 0 DhQ  , since 0Q , 0S  and   02  DhQ  , all terms in (5.1) are non-negative such that we derive 

0S . The inventory model  SQTC ,  is degenerated to the classical no shortage inventory model. 

Based on the above discussion, we can divide the solution procedure into two cases: Case (i) DhQ  , and Case (ii) 

DhQ  . Hence, we construct another partition for the feasible domain. Owing to the partition for the feasible domain is not 

unique, the first motivation proposed by Sphicas [1] is not valid to convince researchers to accept his partition of (3.3) and 

(3.4). 

VI. OUR DISCUSSION FOR THE SECOND MOTIVATION PROPOSED BY SPHICAS [1] 

Lin [5] provided a comment on the second motivation for the solution approach of Sphicas [1]. However, Lin [5] considered 

the partial derivations in his discussion. Hence, we will not review the discussion mentioned by Lin [5] for the second 

motivation. In the following, we will provide our comments for the second motivation from an algebraic point of view. 

We will present a further discussion for the second motivation proposed by Sphicas [1]. Sphicas [1] converted the objective 

function from 

 
 

Q

DS

Q

pS

Q

SQh

Q

DK
SQTC







22
,

22

         (6.1) 

to an indefinite expression, 

   22

2

10 BSaAQaaTC            (6.2) 

And Sphicas [1] claimed that “If it can be established that this can be done, if the coefficients are all nonnegative, and A and

B  are valid values for Q  and S  , then we can reach an immediate conclusion.” 

We recall that under the restriction DKhD 2 , Sphicas [1] derived 

 

 
 

 
2

222

2 











 








hp

DphDK
Q

Qph

hp
DpK

ph

h
TC


  

2

2

















ph

DhQ
S

Q

ph 
,  (6.3) 

such that we point out that 

 DpK
ph

h
a 


0             (6.4) 

 Qph

hp
a




2
1             (6.5) 

Q

ph
a

2
2


              (6.6) 

 
hp

DphDK
A

222 
            (6.7) 

and 
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ph

DhQ
B







             (6.8) 

Based on our observation of (6.2-6.8), we can say that the motivation of Sphicas [1] is to transform TC  from (3.1) to 

    2221
0 QfS

Q

a
AQ

Q

a
aTC           (6.9) 

where  Qf  is an expression only in a variable Q , that will be      phDhQQf   . 

Now, we assume that we know the final result of (6.9) in advance. We rewrite (6.9) as 

 

       222221
0 22 QfSQfS

Q

a
AAQQ

Q

a
aTC  , 

    22
2

2

2

2

1110 22 Qf
Q

a

Q

S
Qfa

Q

S
a

Q

A
aAaQaa  .  (6.10) 

On the other hand, we rewrite (6.1) as 

Q

S
DS

Q

hp
hS

h

Q

DK
TC 


 2

22
         (6.11) 

We compare (6.10) and (6.11) to imply that 

2
2

ph
a


              (6.12) 

For those terms containing S , we obtain 

 
Q

Qfph

Q

D
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2
2


           (6.13) 

Based on (6.13), we derive the desired result of  Qf  as 

 
ph

DhQ
Qf







            (6.14) 

We plug (6.12) and (6.14) into (6.1) to find 
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We rewrite the second and third terms of (6.15) to obtain 
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 (6.16) 

Our derivation of (6.16) is the result of (6.3) proposed by Sphicas [1]. 

If researchers know the final result of TC  as (6.3) in advance, then following our above derivation, then the algebraic 

method proposed by Sphicas [1] becomes crystal clear. 

The expression of (6.2) proposed by Sphicas [1] looks reasonable and intuitively acceptable. However, in fact, Sphicas [1] 

really needed the expression that should be expressed as (6.9). 

However, for ordinary practitioners, unless you know the final result of (6.16) in advance, to accept the expression of (6.9) is 

questionable. 

Therefore, the motivation of (6.2) provided by Sphicas [1] is not proper, the exact motivation should be revised to (6.9). 

Hence, we point out the second motivation provided by Sphicas [1] which is not sufficient to support the solution procedure 

in Sphicas [1]. 

VII. CONCLUSIONS 

Even after Sphicas [1] provided two motivations for his algebraic approach, ordinary researchers still cannot understand the 

algebraic approach proposed by Sphicas [1]. Consequently, Cárdenas-Barrón[2], Chung and Cárdenas-Barrón [3], and 

Sphicas [4] provide further discussions for inventory models with fixed and linear backorder costs. Lin [5] discussed one 

motivation provided by Sphicas [1] and then we improve a typo in the discussion of Lin [5]. Moreover, we show that the 

second motivation proposed by Sphicas [1] containing more severe questionable results. Hence, we can claim that a primitive 

derivation for inventory models with fixed and linear backorder costs should be a hot research issue for academic society. 
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Abstract— We analytically show that the findings of pattern recognition problems with weighted similarity measures under 

intuitionistic fuzzy sets environment that is dominated by relative weights of elements in the universe of discourse for the 

discrete case and the weighted function for the continuous case. In the past, researchers focus on constructing new similarity 

measures or developing new algorithms applying their similarity measures. Hence, previous results depended on a special 

weight to decide the pattern of the sample that may be required further considerations. How to select a proper weight will be 

an important issue for researchers in the future when deal with pattern recognition problems. 

Keywords— Pattern recognition, intuitionistic fuzzy sets, similarity measure. 

I. INTRODUCTION 

More and more business had being developed in the real world, so it is hard for a company to get accurate market data. 

Therefore, fuzzy set data may be a kind of data that can be obtained more easily to explain the market and managerial 

situation. If the data is a traditional fuzzy set, there are some methods to be applied to solve the fuzzy problem. Recently,  

many similarity measures have been proposed, for examples, Hung and Lin [1], Julian et al. [2], Hung and Lin [3], Tung et 

al. [4], Yen et al. [5], Hung and Wang [6], Chu and Guo [7], Hung et al. [8], and Tung and Hopscotch [9], for measuring the 

degree of similarity between fuzzy sets, under a kind of special fuzzy sets, which is called Intuitionistic Fuzzy Sets (IFSs) 

that were initiated presented by Atanassov [10, 11]. Since Atanassov originated the idea of IFSs, many different similarity 

measures between IFSs have been proposed in the literature. Atanassov and Rangasamy[12] and Kuppannan et al. [13] 

provided practical applications for IFSs. The importance of suitable distance measures between IFSs takes place because they 

play an important role in the theoretical development and implication problem. Two existing similarity measures for IFSs 

were proposed by Li and Cheng [14] to indicate the dominated factor for the selection of pattern recognition problems. This 

paper is a detailed analysis for the similarity measure of intuitionistic fuzzy sets (IFSs) in Li and Cheng [14]. Mitchell [15] 

already provided an example to demonstrate that the similarity measure proposed by Li and Cheng [14] may lead to counter-

intuitive result. However, there are 373 papers continuously referred to Li and Cheng [14]. Owing to the high citation, it 

deserves a detailed study of their paper. To be compatible with previous results, we directly study the examples of Li and 

Cheng [14] to show that their weighted similarity measures contained inherent problems that is their results are dependent on 

weights of elements in the universe of discourse for the discrete case and the weighted function for the continuous case. 

Hence, how to derive the weights or the weighted function should be the crucial issue in the future research. Our 

consideration will offer a patch work to enhance the operational development of similarity measure for pattern recognition 

under IFSs. Recently, there is a trend to improve published papers, for example, Hung et al. [16], Lin et al. [17], Tung [18], 

and Chao et al. [19]. Following this trend, we will provide improvements for Li and Cheng [14]. In this paper, based on the 

same numerical examples of Li and Cheng [14], we will demonstrate that the proposed measures of Li and Cheng [14] 

performs dependent on the relative weight in pattern recognition. Our findings presented here could arouse attention to take 

care of the decision of relative weights in the selection and applications of similarity measures for IFSs and vague sets in 

practice. 

II. MATERIALS AND METHODS 

Let X be a fixed set. An IFS A in X is an object having the form     , ,A AA x t x f x x X   where the function 

 and  define the degree of membership and degree of non-membership, respectively, and 

for every , . Let  denote the set of all IFSs in X. Next, we define the order 

relation. ,  is defined as  and  for every . 

 : 0,1At X   : 0,1Af X 

x X 0 ( ) ( ) 1A At x f x   ( )IFSs X

, ( )A B IFSs X A B ( ) ( )A Bt x t x ( ) ( )A Bf x f x x X



International Journal of Engineering Research & Science (IJOER)                  ISSN: [2395-6992]             [Vol-5, Issue-9, September- 2019] 

Page | 49 

For a pattern recognition problem, if a pattern satisfies , and 

   BASBAS i
iimi

i ,max,
0

0 ,1 
  according to the principle of the maximum degree of similarity between IFSs, researchers 

can decide that the sample B belongs to the pattern . 

In the following two numerical examples, we will show that the similarity measures of Li and Cheng [14] will dependent on 

the relative weights of IFS so their approach may cause different results for pattern recognition problems when the relative 

weights are arbitrary selected. 

For the discrete case with the universe of discourse , Li and Cheng [14] assumed the similarity measure 

between two IFSs  and  as 

        (1) 

Where 

            (2) 

Which was introduced originally in Tanev [20]. 

2.1 Example 1 of Li and Cheng [14]. 

There are three patterns in IFSs of 

, 

, , , respectively, 

where   111
xtA  and   011

xfA  for pattern 1A . Consider a sample  which will be recognized, with

. We referred their findings in the next table. 

 Notation 

D is the demand rate per unit of time. 

h is the holding cost per unit, per unit of time. 

K is the ordering cost (setup cost) per order.  

p is the backorder cost per unit, per unit of time (linear backorder cost).  

Q is the order quantity.  

SQ  is the beginning inventory level, after backlogged quantity S .  

r is an auxiliary expression, with  phr  .  

S is the backlogged amount.  

TC is the total cost per unit of time.  

 is the backorder cost per unit (fixed backorder cost). 

 Assumptions 

1. The model is developed for only one product.  

0i
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 1 2 3, ,X x x x

 1 1,0 , 0.8,0 , 0.7,0.1A   2 0.8,0.1 , 1,0 , 0.9,0A   3 0.6,0.2 , 0.8,0 , 1,0A 

( )B IFSs X

 0.5,0.3 , 0.6,0.2 , 0.8,0.1B 
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2. The inventory model is developed for an infinite planning horizon such that the goal is to minimize the first (and 

repeated) replenishment cycle.  

3. The demand rate is constant over the entire planning horizon.  

4. The shortages are allowed and fully backlogged.  

5. There are two types of backorder costs: a linear backorder cost that is applied to average backorders per unit of time and 

a fixed cost that is applied to maximum backorder level without considering the backlogged waiting period. 

TABLE 1 

SUMMARY OF THEIR FINDINGS IN LI AND CHENG [14] 

  1,
p

dS A B   2 ,p

dS A B   3,p

dS A B  

1 1 3x   2 1 3x   3 1 3x   1p   0.78 0.80 0.85 

1 1 3x   2 1 3x   3 1 3x   2p   0.74 0.78 0.84 

1 0.5x   2 0.3x   3 0.2x   2p   0.696 0.779 0.853 

 

Based on the similarity measure on the above table, Li and Cheng [14] concluded that the sample B belongs to the pattern 

. 

For the continuous case, Li and Cheng [14] assumed the similarity measure of two IFSs  and  as 

        dxxxxwBAS BA

b

a

  1,

          (3) 

where  xw  is the weight function. For the continuous case, they applied the uniform distribution with weight

,  so that they used , for . 

2.2 Example 2 of Li and Cheng [14]. 

They assumed that two patterns,  and  with a sample, are represented by IFSs, where 

          (4) 

         (5) 

         (6) 

         (7) 

3A

A B
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a
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          (8) 

         (9) 

We recall their findings of 85.0  and 86.0  such that Li and Cheng [14] claimed that sample B  

should belong to the pattern 2A . 

III. RESULTS 

3.1 Our discussion for Example 1 of [14] 

Based on equation (2), we derive that , , and 

. For the discrete case, we assume that the weight is  under the condition , and 

then we recall the 1-norm distance, say  with . Hence, we know that to have the 

maximum similarity is equivalent to have the minimum distance. We find that 

 1 1 2 3, 0.4 0.2 0.05d A B     
,           (10) 

  3212 1.03.025.0,  BAd
,           (11) 

and 

 3 1 2 3, 0.1 0.2 0.15d A B     
.            (12) 

From the above derivation, if we select that ,  and , then it yields that 

      15.0,135.0,1.0, 321  BAdBAdBAd
       (13) 

then the sample B belongs to the pattern . 

On the other hand, if ,  and , then it yields that 

      17.0,165.0,14.0, 123  BAdBAdBAd
       (14) 

then the sample B belongs to the pattern 3A . 

In the following, we will develop a theoretical result to show that sample B cannot be classified to the pattern . 

Lemma 1. 

if and only if , and . 

(Proof of Lemma 1) We assume x1 , y2  and yx 13  to simplify the expression. It yields that 

   BAdBAd ,, 12   if and only if 

05.005.02.0  yx
.             (15) 
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 0.6,0.7,0.85B   1 2 3, ,   1p 

 ,id A B  ,id A B  11 ,d iS A B 

1 0.1  2 0.1  3 0.8 
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1 0.3  2 0.1  3 0.6 

2A

    2 , max , : 1,2,3iS A B S A B i  1 0.25w  2 0w  3 0.75w 
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On the other hand, we know that    BAdBAd ,, 32   if and only if 

05.015.02.0  yx
.             (16) 

If we want  BAd ,2  is the smallest distance, then from equations (15) and (16), it follows that 

yxyx 2.02.005.025.02.0 
.           (17) 

By equation (17), it implies that 0y , 25.0x  and 

   BAdBAd ,, 12   BAd ,3
.           (18) 

Therefore, under the usual condition, three weights, ,  and  are all positive so we cannot construct an example in 

which the sample B  belongs to the pattern 2A  such that we derive the next theorem. 

Theorem 1. 

Under the conditions , for  and  then sample B cannot be decided belonging to pattern

. 

Based on above discussion, different relative weights will imply different patterns for the given sample. Our work 

demonstrates that the weights of IFSs are the most essential factor to decide the sample B belongs to which pattern. 

3.2 Our discussion for Example 2 of [14] 

According to equation (2), we follow Li and Cheng [14] approach to transfer three IFSs into ordinary fuzzy sets as 

         (19) 

         (20) 

and 

         (21) 

We will show that different weight function  x will influence the results for the pattern selection. We assume that 

          (22) 

under the condition that , , and . 

Remark. The restriction of 1 2 0.5    is our special treatment such that the uniform weighted function, where 

  25.0x , for 51  x , proposed by Li and Cheng [14] contains in our design of Equation (22). 

We will develop next two lemmas to help us to decide the similarity measure for the continuous case. 
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Lemma 2.We show that 

,            (23) 

where , 

 

with  is the x-coordinate of the intersection of  and  for . 

(Proof of Lemma 2) We know that  is the area of the triangle from 
1A  and the area of the trapezoid is 

from 
1A . Moreover,  3B  is the area of the triangle from B ,     

2

3
3 1

1
11

c
cAA


  is the area 

of the area of a trapezoid from 
1A , and  

2

11
11

c
cA  is an area of a triangle by 

1A . Hence, the integration of 

    dxxx BA 

3

1

1 1
  can be simplify as 11a . 

Consequently, we can derive the same result for the similarity measure between pattern 2A  and sample B . 

Lemma 3. We show that 

,            (24) 

where  

 

with  is the x-coordinate of the intersection of  and , for . 

If we consider the same data as the second example of Li and Cheng [14], based on the assumptions in Lemma 2 for and 

, we derive that  and . By the same argument, based on the assumptions in Lemma 3 for 

and , we derive that  and . Hence, we know that 

,          (25) 

and 

  212 366667.02.01,  BAS
.         (26) 

We list some possible combination of different and , under the restriction  in the next table. 
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TABLE 2 

NUMERICAL EXAMPLE OF [14] UNDER CONTINUOUS CASE 

 
     

 
0.900526 0.867719 0.851316 0.834912 0.802105 

 
0.833333 0.85 0.858333 0.866667 0.883333 

 

First, we observe that the findings of Li and Cheng [14] with 85.0  and 86.0  that is consistent 

with our derivations in Table 2, where our results are 851316.0  and 858333.0 , after we 

round off the second decimal place, then the findings of Li and Cheng [14] are derived. 

Motivated by the numerical examples for similarity measure of the table 2, we will derive a theoretical result to clearly point 

out that the pattern recognition is strongly influence by the weighted function . 

Lemma 4.There is a unique point, say 0  such that 

(1) if 010   , then  , and 

(2) if 5.010   , then  . 

(Proof of Lemma 4) 

Motivated by and , we will abstractly express equations 

(25) and (26) as follows: 

21111  
,            (27) 

and 

22121  
,          (28) 

where 

,    (29) 

,           (30) 

           (31) 

and 

,    (32) 
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We derived that   is equivalent to 
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       12112125.0  
.          (33) 

Hence, we knew that there is a point, say 0 , with 

0 ,          (34) 

and then if 010   , then  , and if 5.010   , then  . 

For completeness, for the Example 2 of Li and Cheng [14], we find the value of 0 as 235816.00  . From our previous 

discussion, it points out that the selection of pattern for the given sample is dependent on the weight function . Li and 

Cheng [14] asserted that the sample B always belonging to pattern  is questionable. 

Theorem 2. 

If the weighted function  is expressed as equation (22), then 

(a) If  10  , then sample  belongs to pattern ; 

(b) If 5.01   , then sample  belongs to pattern  

IV. CONCLUSION 

A similarity measure is a useful tool for determining the similarity of two objects. Based on the same numerical examples of 

Li and Cheng [14], we demonstrated that their proposed similarity measures are dominated by the relative weight of the 

domain for IFS in pattern recognition problems. In the past, researchers focus on developing new similarities to replace 

previous established similarity measures, moreover, Yen et al. [5], Hung et al. [8], Chu et al. [21] and Chou [22] constructed 

algorithms that is related to the size of universe of discourse for the discrete cases to repeatedly applied their proposed 

similarity measures. However, Yen et al. [4], Hung et al. [8], Chu et al. [21] and Chou [22] did not pay attention to how to 

decide relative weights for elements in the universe of discourse. Based on our discussion, we show that applying the same 

similarity measure with different relative weights will result in different finding for pattern recognition problems. 

Consequently, we point out their proposed measures to analyze the behavior of decision making that should be put more 

attention to the relative weight of the domain for an IFS. 
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