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Table 2. 2: Properties of AR1, AB45 and AY127  dyes  (Variety, 2012a, 2012b, 2012c)  

Criteria Acid red 1 Acid blue 45 Acid yellow 127 

Full name C.I.Acid Red 1,C.I.118050 C.I.Acid Blue 

45,C.I.63010 

C.I.Acid Yellow 127,C.

I.18888 

CAS No. 3734-67-6 2861-02-1 73384-78-8 

M* Formula C18H13N3Na2O8S2 C14H8N2Na2O10S2 C26H20Cl2N9NaO4S 

Chemical 

structure 

 

 

 

 

 
Single azo class (AR1) 

 
Anthraquinones 

(AB45) 

 
Single azo class 

(AY127) 

M* weight 509.42 474.33 803.63 

Appearance Red powder Blue powder Yellow powder 

Solubility Soluble in water, fiber 

element, slightly soluble in 

ethanol, insoluble in other 

organic solvents. 

Soluble in water, 

fiber element, slightly 

soluble in ethanol, 

insoluble in acetone, 

benzene, carbon 

tetrachloride 

Soluble in water 

Effect of 

acid, alkali, 

and metal 

ions 

Strong sulfuric acid causes 

light red, and diluted form 

causes yellow after red; with 

nitric acid solution, it turns 

to orange; strong hydrochloric 

acid results red precipitation, 

but diluted form gets 

dissolved. Addition of sodium 

hydroxide leads to 

orange brown color. Copper 

and iron ions in dyeing 

occasions dark blue color and 

blue light color, respectively. 

The concentrated 

sulfuric acid turns  

olive yellow, and 

diluted form to blue 

purple. Copper and 

iron ions lead to dark 

colored light hair and 

dark colored 

light red, 

respectively. 

The strong and diluted 

sulfuric, nitric and 

hydrochloric acid gives 

yellow color, 

accompanied by 

precipitation in case 

sulfuric acid and nitric 

acid. Diluted sodium 

hydroxide solution 

causes yellow 

precipitation followed 

by decomposition for 

thick solution. 

L* 5 5-6 6 

Application

s 

Good levelness. Mainly used 

for wool dyeing, polyamide 

fiber and fabric, silk printing, 

leather dyeing, also can be 

used in the manufacture of 

color amylum, cosmetics, 

paper, soap and timber 

colorants, also used to make 

the ink 

Wool, silk, wool 

blended fabric, paper, 

leather, soap and 

cosmetics shading, its 

metallic salts used for 

organic pigment ink 

Wool, silk, polyamide 

fiber fabric dyeing 

leather dyeing and 

printing directly 

M*=Molecular, L*= Light fastness rating 
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Taking into account, all these considerations and the absence of sufficient body of 

knowledge, for our study the anionic dyes presented in Table 2.2, viz., AR1, AB45, and AY127 

were used as examples of acid dye series. Reason for considering these three dyes are (1) to study 

the effect of molecular size, (2) to study the effect of functional groups of dyes on absorption and 

(3) to compare the results with previous studies, such that on acid blue 121 (Uzunoğlu & Özer, 

2016) and acid blue 113 (Ooi et al., 2017). The general properties including structures are 

presented in Table 2.2. 

2.6 Black Drum Fish 

In our study, we used the scales of one of the most available fishes in Louisiana: the 

black drum. Black drum, biologically known as Pogonias cromis, having 14 genera, belongs to 

Sciaenidae family (Clarence P. Luquet et al., 2001). Black drum is commercially and recreationally 

important fish in the southern part of America especially in Louisiana, Texas, Florida, Mississippi, 

Virginia, Georgia. Fish processors in Louisiana, Mississippi, and Florida produce more than 3M 

lbs of fish skins along with scales from black drum and sheepshead during fillet processing (Ogawa 

et al., 2004; Stunz, 2015). Another study reports that in 2013, the amount of black drum fish 

harvested solely in Louisiana was over 5M lbs (Davis, West, & Adriance, 2015). While the fishes 

are processed, the skins along with scales are usually discarded and simply considered waste. 

Consequently, this waste is a burden for the environment, causes pungent odor and environmental 

pollution, whereas it could be a good source of biomaterials and bio sorbents (Uzunoğlu & Özer, 

2016).  

The FS are mainly composed of water (70%), protein (27%), ash (2%), and lipid (1%). 

Structure of FS consist of 40-90% organic protein matters and 10-60% inorganic mineral 

substances irrespective to the fish spices (Nagai, Izumi, & Ishii, 2004). The organic portion is 
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called collagen and the type of collagen found in the black drum is collagen-I due to the presence 

of high amount of proline, glycine, alanine, hydroxylysine, hydroxyproline. Therefore, amine is 

the main functional group of collagen (Ogawa et al., 2004). On the other hand, the inorganic 

portion, calcium-deficient hydroxyapatite, is composed sodium, magnesium, and carbonates 

attached to phosphate of the hydroxyapatite ions. The appearance of drum’s scales is like Pagrus 

major, which are orthogonal structure with very low thickness (1-2 micrometer) where the 

collagen fibers are highly packed in the mineralized hydroxyapatite crystals (Ikoma, Kobayashi, 

Tanaka, Walsh, & Mann, 2003). Both collagen and hydroxyapatite are responsible for sorption of 

dye on and into the scales. Collagen adsorbs dyes by electrostatic interaction (chemisorption), 

absorption, whereas hydroxyapatite does physical sorption, adsorption (Zhu et al., 2013).    

2.7 Significance of the Research and Outlining the Research Gap 

Louisiana is the greatest water consuming state in the USA for industrial purpose. 

Louisiana alone used 17% of total industrial water of the USA in 2005 mainly for, chemical, paper 

industry and petroleum refining (Kenny et al., 2009). USA is one of the largest wool producing 

and processing countries, and acid dyes are the mostly used dyes for wool strands coloration. 

Consequently, the wastewater generated by wool colorations need treatments (Jones, 2004).  

Again, the black drum is one of the most harvested fishes, and the numbers of fish processors in 

Louisiana are also higher than many other states (Davis et al., 2015; Stunz, 2015). With a view to 

valorizing fish waste and mutual management of both fish by-product and wastewaters of wool 

industry, understanding underlying the mechanism of dye removal capacity of drum’s waste might 

benefit both industries. It is evident that the FS, which are composed of both collagen and 

hydroxyapatite, are responsible for dye absorption and adsorption respectively. The literature to 

date investigates the applications of FS and other fish wastes for dye removal through adsorption 
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process but not absorption process. Besides, in our study, we attempted to reduce the processes by 

avoiding extra treatment concerning FS (such as extracting only collages, only hydroxyapatite, 

chitin, chitosan from skins or scales that have been followed by available research articles for 

improved adsorption) to approach an easy and largescale treatment of wastewaters. So, the scales, 

a by-product of fish industry, can be used directly for dye sorption to take the advantages of both 

collaged and hydroxyapatite, which have not been studied together. In this research, we used direct 

and powdered scales of black drum to remove dye (AR1, AB45 and AY127) from wool industry 

wastewaters. The dye absorptions were monitored by US-Vis spectroscopy by studying the 

concentrations of dye solution before and after the absorption by FS. The results in terms of dye 

absorption in scales and dye removal percentages were then compared among the used dyes and 

with the existing studies. The research questions and the research objectives have been 

summarized below. 

2.8 Research Questions 

• What is the mechanism of acid dyes absorption into FS? 

• What physical and chemical properties are responsible for the dye absorption?   

2.9 Objectives 

The main purpose of the research is to evaluate the performance of FS, a by-product of 

fish industry, as an absorbent to treat the wastewaters from textile industry using different acid 

dyes. Physiochemical and morphological characterization of scales were performed before and 

after absorption. The absorption process was optimized as function of contact time, dye 

concentration, absorbent ratio, temperature, pH, and salt concentration etc. Finally, the absorption 

performance of the proposed absorbent was determined and compared with reported literature.  
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CHAPTER 3: METHODOLOGY 

3.1 Materials and Chemicals 

The scales chosen for this project came from the black drum fish, Pogonias Cromis, 

shown in Figure 3.1 (A). Fish skin along with scales had been collected from a fish processing 

center, Big D, Franklin, Louisiana (as by-products after removing the fish fillets (Figure 3.2 (B))). 

The selected acid dyes (acid red 1(AR1), acid blue 45(AB45) and acid yellow(AY127) 127 dyes) 

were purchased from Crompton & Knowles Corporation, USA, acid (sulfuric acid) from Fischer 

Scientific, USA , Salt (sodium sulfate)from Mallinckrodt, USA, and all other chemicals such 

acetone from Sigma-Aldrich, USA. 

3.2 Material Preparations  

3.2.1 Scales extraction and preparations 

According to the owners of the Big D, their average production of FS per week is 

10000-20000 lbs, and they usually dispose the scales after separating fish fillets. Ten lbs scales 

along with skins ware taken from Big D. They were then brought to the laboratory and preserved 

in the refrigerator. The scales were separated, washed thoroughly with water, dried at room 

temperature and weighed (dried scales) ( Figure 3.1 (C)). The scales were ground using Wiley Mill 

Model 3 (Thomas Scientific, USA) , presently housed in the LSU School of Renewable Natural 

Resources (Figure 3.1 (D)). The powder obtained was fractionated using sieves of different mesh 

sizes (425, 250, 149, and 75 microns) as shown in Figure (E) and (F). The ground scales bigger 

than 425 microns were also saved. The crushed as well as non-processed scales were used directly 

as dye absorbents. 
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  (A) 

 
(B) 

 
(C) 

 
(D) 

 
(E) 

  
(F) 

Figure 3. 1: Black drum fish (A), scales with skins after separating fish fillet (B), scales collected 

from skins manually (C), Wiley Mill Model 3 (D), FS powder (E) and sieve for screening scales 

powder of different sizes (F) 
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3.2.2 Preparation of wastewaters 

Stock solutions of 1g/L (0.1%) of chosen dyes were prepared in separate large 1L 

volumetric flasks. Dye solutions for this research were prepared following a standard wool dyeing 

procedure followed by LSU Textile Science Laboratory as follows: 

Concentration of dye stock solution : 50, 75, 100, 125, 150 and 200mg/L 

Concentration of salt (Na2SO4)  : 2.5ml/L (from 25g/L stock solution) 

Concentration of acid (H2SO4)   : 0.75ml/L (from 10g/L stock solution) 

Material-liquor ratio   : 1:40    

The pH of the dye solutions were recorded as 2.33 for AB45 and 2.5 for AR1 and 

AY127. These dye solutions were considered as wastewaters of a wool dyeing practice in which 

the absorption process of dyes was completed by FS. Treatments had been repeated by changing 

the dyeing parameters (dye, temperature, pH, and salt concentration, additives) as well as variables 

for the dye absorption process (contact time, dye concentration, absorbent ratio, vacuum, and 

stirring) in order to determine their effects on absorption. 

3.3 Absorption Process and Analysis of Dye Removal Efficiency 

3.3.1 Building of calibration curves for molar absorption of dyes in visible spectrum 

Due to their chemical structures (Table 2.2), the concentration of anionic dyes in 

aqueous solutions can be determined by spectroscopic measurements in the visible spectrum of the 

light. Calibration curves for all three types of dyes were obtained using five concentrations of dye 

solution, which were plotted against their corresponding absorption to determine the extinction 

coefficient (ε) and the molar absorptivity of dyes. The calibration curves representing a linear 

relationship between concentrations and absorbance were built by preparing several (5) diluted 
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dye solutions of known concentrations. The wavelengths at which maximum absorbance values of 

these diluted dye solutions occurred were obtained from UV-Vis (single beam HP8453 diode array 

spectroscopy, Agilent, USA) spectroscopic measurements (Almquist, Fyda, Godby, & Miller, 

2017) as follows: 506nm, 595nm, and 407nm for AR1, AB45, and AY127 anionic dyes, 

respectively. It is important to note that the blank solvent was the water-acid-salt mixture as in the 

dye solution. The slopes of the straight calibration lines presented in Figure 3.2 provided the values 

of extinction coefficients, ε, for each anionic dye: AR1 (ε = 19593 M-1 cm-1), AB45 (ε = 7048.4 

M-1 cm-1) and AY127 (ε = 8658.8 M-1 cm-1). 

 

 

  
(A) 

 

 

  

(B) 

 

 

 
 

(C) 

Figure 3. 2: Calibration curves of AR1 (A), AB45 (B) and AY127 (C) anionic dye solutions 
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3.3.2 Absorption process 

The wastewaters prepared as per the recipe mentioned in section 4.1.2 were treated 

considering different process variables such as temperature, absorbent size, absorbent ratio, 

stirring, acid, salt, acid-salt combination, vacuum and contact time. Practically, dye solution 

contains salt and acid; however, investigations were also conducted without acid and salt along 

with different dye concentrations. Dye solutions of a particular concentration (0.05g/L) giving the 

best absorption results were prepared in a 1L volumetric flask for each dye. In order to maintain 

consistency, from this dye solution, a 20ml wastewater sample was taken in the treatment bath. 

Two different temperatures (room and 60oC) were applied to observe the temperature effect, 

because practically the temperature of wastewater immediately after discharging from the dyeing 

bath remains high and gradually cools down. Afterward, the absorbent, FS, were added to the dye 

solutions and the baths were sealed to prevent changing of solution concentration through 

evaporation. Batch absorption process was applied with continuous stirring for a certain time. 

Finally, the dye-scale mixtures were centrifuged for five minutes at 4000 RPM using an IEC 

clinical centrifuge in order to have clear solutions, which were the final solutions after absorption. 

In another set of experiments, the treatment baths for each dye were kept in vacuum for 1.5 hours 

after absorption to allow the dye molecules to come in intimate contact of scales, which might 

provide information whether or not the vacuum has any positive effects. Table 3.1 briefly contains 

the laboratory experimental conditions for each dye type: AR1, AB45, and AY127. 
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Table 3. 1: Laboratory experimental design and conditions 

Std condition: 50g/L dye solution, 2.5ml/L salt, 0.75ml/L acid, 1h time, 50g/L scale (large 

powdered FS), 1000rpm agitation. 

 

 

Parameters Levels Other process  factors 

Dyeing 

variable  

 

Dye 

concentrations 

 

50, 75, 100, 

125, 150 and 

200 mg/L 

Temperature applied 60oC 

Time: 1h with continuous stirring at 1000rpm 

Absorbent size: big powdered scales of 50g/L 

pH No acid vs. 

std. 

Dye solution without acid 

Temperature applied 60oC 

Time: 1h with continuous stirring at 1000rpm 

Absorbent size: big powdered scales of 50g/L 

Salt No salt  vs. 

std. 

Dye solution without salt 

Temperature applied 60oC 

Time: 1h with continuous stirring at 1000rpm 

Absorbent size: big powdered scales of 50g/L 

Additives 

(salt and acid 

together) 

No salt and 

acid vs. std. 

Dye solution without salt and salt 

Heat up to boil  

Time: 1h with continuous stirring at 1000rpm 

Absorbent size: big powdered scales of 50g/L 

Process 

variables 

Scale size 

 

 

Whole 

scales, and 

all powdered 

FS 

Temperature applied 60oC 

Time: 1h with continuous stirring at 1000rpm 

Absorbent size: big powdered scales of 50g/L 

Time 0.25, 0.5, 1, 

1.5, 2, and 

2.5 hours 

Temperature applied 60oC 

Absorbent size: big powdered scales of 50g/L 

Continuous stirring at 1000rpm 

Temperature No temp. vs. 

std. 

Time: An hour with continuous stirring at 

1000rpm 

Absorbent size: big powdered scales of 50g/L 

Scale ratio 25, 50, 75, 

and100g/L 

Temperature applied 60oC 

Time: An hour with continuous stirring at 

1000rpm 

Absorbent size: big powdered scales  

Vacuum 1.5 hours 

vacuum vs. 

std. 

Temperature applied 60oC 

Time: One hour with continuous stirring 

(1000rpm) 

Absorbent size: big powdered scales of 50g/L 

Stirring No stirring 

vs. std. 

Temperature applied 60oC 

Time: One hour 

Absorbent size: big powdered scales of 50g/L 
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3.3.3 Determination of absorbance of unknown dye concentration 

Dye absorption by FS was determined by UV-Vis spectroscopy using the maximum 

wavelength of absorption of the corresponding dye. The concentration of a solution can be 

determined by spectroscopic measurements by using the Beer-Lambert law (equation 1). 

A =  εbc     (eq.1) 

Where: 

A is the absorbance, which can be directly read from the spectral data of UV-Vis 

          spectroscopy at particular wavelength,  

ε is the molar absorptivity in M-1 cm-1,  

b is the path length of the cuvette (usually 1cm), and  

c is the concentration in mole/L (Calloway, 1997).  

The molar absorptivity is obtained for each dye from the respective calibration curves of Figure 

3.2 (Rodger, 2013).  

3.3.4 Dye removal efficiency 

The dye removal efficiency was calculated from equation 2, where Co and Ce are 

concentration of dye in wastewaters before and after absorption. 

Percentage of dye removal = (Co-Ce)X100%/ Co                 (eq. 2) 

Also, the amount of absorbed dye by the scales was measured in mg/g at the equilibrium 

(qe) using equation 3. 

qe = (Co-Ce)/ Xo                               (eq. 3) 

Here, Co and Ce are the initial and final dye concentration in mg/L, and Xo is the amount 

of absorbent used in the absorption process in g/L (Uzunoğlu & Özer, 2016).   
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3.4 Physiochemical Analysis 

All the physiochemical analysis (except TGA) were performed before and after dye 

absorption by the scales. In the case of colored scales after absorption, only acid blue 45-absorbed 

scales were used for the following analyses.  

3.4.1 Morphological analysis 

The superficial structure and morphology of the scales were unveiled at different 

magnifying levels (100X, 1000X and 5000X) by scanning electron microscopy, SEM, using a 

JSM-6610LV instrument (JEOL, Japan) in low vacuum at 15Kv (Ribeiro et al., 2015). Zeiss 

Lumera Light Microscope (Carl-Zeiss, Germany) provided 6.4X images of both sides of the whole 

scale.  

The elements present in the FS were detected by Energy Dispersive X-ray 

Spectroscopy, EDS (EDAZ AMETEK material analysis division, USA), usually coupled with the 

SEM system (Ooi et al., 2017). Before SEM-EDS analysis, the samples (colored and uncolored) 

were coated with a thin layer of gold using an EMS550X Sputter Coater (Electron Microscopy 

Sciences, USA).   

3.4.2 Thermal analysis 

 Thermogravimetric analysis (TGA) was performed to determine the thermal behavior, 

crystallinity, and elemental composition of FS. For TGA analysis, 2.03mg FS was taken in an 

aluminum pan heated under nitrogen atmosphere at a heating rate of 10°C /min from room 

temperature (RT) to 600°C using AutoTGA 2950HR V5.4A (Thermal Instruments, USA).  
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3.4.3 Chemical analysis 

Fourier transform infrared, FT-IR, spectroscopy analysis was performed in order to 

disclose functional groups (Bhuiyan et al., 2018) present in the pristine scales, powdered scales, 

dyes (AB45), and colored scales between 400 and 4000cm-1 wavenumber using a Bruker Alpha & 

Tensor 27 FT-IR spectrophotometer and OPUS software (USA). This instrument requires no 

sample preparation.  

3.5 Statistical Analysis 

A two-way analysis of variance (ANOVA) at 5% level of significance using SAS 9.4 

was conducted to investigate whether or not there are any significant differences in the percentages 

of dye removal among different dye types (AR1, Ab45 and AY127), among different process 

parameters (temperature, salt, acid, additives (salt and temperature together) stirring and vacuum) 

and among ‘die type X process’ interactions. Types of dyes and process parameters were two main 

effects having 3 and 7 levels of fixed treatments, respectively. Based on the ANOVA results, the 

test of the effects of different process parameters within each dye type were also conducted relative 

to the standard or control process using Dunnett’s adjustment. Here, we had four replications for 

control process and one for the other treatment levels.  

3.6 Rheology of the Jellified Wastewater (Gel) 

An astounding observation was found after the dye absorption by FS, which was the 

jellification of the wastewater (gel formation); this phenomenon occurred using all three dye types. 

The gel was obtained by ‘aging’ of the solution used for coloration of FS (containing sodium 

sulfate, sulfuric acid and the blue dye) after removing of scale particles by centrifugation. To 

manage the disposal of the final jellified wastewaters after the absorption by scales, this research 
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was extended in order to understand the behavior of the gel; therefore, the gel (blue) was 

characterized by heating and cooling temperature ramp experiments with using a TA 1000 

Rheometer (Thermal Instruments, USA). The following parameters have been employed: 

• Temperature range, 15-80°C heating (85-10°C cooling) 

• Temperature step, 5°C/minute 

• Frequency, 0.6283 rad/sec 

• Oscillation Stress, 0.7958 Pa 

• Parallel plate geometry (steel plates 40 mm diameter) 

• Gap, 300 microns 

The solution contained 2.5g/L sodium sulfate + 0.75g/L sulfuric acid (taken from their 

stock solutions), 0.05g/L and  0.41% collagen. The gelatin content was calculated as the difference 

between the percentage of solids obtained by evaporation (drying) of liquids containing sodium 

sulfate, sulfuric acid and dye before and after adding the scales for coloration. Aging refers to the 

time in which a solid gel was formed by standing at room temperature for 24 hours. 

All the test results provide detailed and comprehensive information about the 

absorption behavior of acid dyes into FS. Test results have been compared with other research 

findings in the following chapter. The absorption process and the rheology were conducted in LSU 

Textile Science Lab. Other chemical analysis such as SEM-EDS, EMS550X Sputter Coater, FTIR 

were investigated using LSU Shared Instrument Facility (SIF), and TGA from the Polymer 

Analysis Laboratory from the LSU Department of Chemistry. 

 

 



 

30 
 

CHAPTER 4: RESULTS AND DISCUSSION 

4.1 Characterization 

4.1.1 Drum’s scale architecture 

The exquisite structure of the surface topology of drum’s scale belongs to disk-like 

cycloid typed scale (Lagler, 1947). Scale protects the body of fish from any unexpected attack or 

accident. Figure 4.1 shows 6.4X images of both sides of a scale before and after dye absorption. 

Although they look the same, they are actually different. Figure 4.1 (A) and (B) show the rough 

(top) and smooth (bottom) sides of the FS, respectively. The side that remains in contact to the 

body is smoother and contains jelly like organic polymer called collagen (Zhu et al., 2013). No 

variation in the surface view of the smoother side is noticeable even in 100 (100µm), 1000 (10 

µm) and 5000 (5µm) times magnified SEM snaps presented in Figure 4.1 (B). On the other hand, 

the outer side (rough side) as shown in Figure 4.1 (A), comprised of mostly inorganic contents (as 

revealed from EDS analysis), is relatively rough and with different architectures. From the 

structural viewpoint, it has four major segments marked with number 1, 2, 3 and 4. The center of 

the scale marked with number 2 is called focus, having beautiful mosaic architecture; it is hard due 

to high inorganic crystal matter referred as apatite. The front part marked with 1, stair like ridges 

separated by radii and secondary radii (white inflexion lines), is known as the anterior field. The 

other side assigned by number 3, called posterior field decorated with meander lined tiles, is the 

part that is embedded within the fish body. The other two sides are designed by arc type lines 

called circuli, which are divided from the posterior field by lateral fields (between number 3 and 

4) in both the upper right and the lower right corners (highlighted with red ellipses) (Lagler, 1947).  
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A 

   
B C D 

Figure 4. 1: Pristine rough surface (A), smooth surface (B), color absorbed rough surface (C) and 

colored smooth surface (D) 

After the dye absorption, it is evident that the shade depth on either side of the scale is 

different. Since the dye absorption by FS is due to the electrostatic attraction between the positively 

charged fish protein groups (mainly amine) and the anionic part of the acid dyes, it might be 

considered that the side containing high collagen content should take more dye compared to the 

inorganic side (Zhu et al., 2013), fact which is obvious from Figure 4.1 (C and D) as well. The  

images of pristine rough (top) and bottom (smooth) sides of scale (Figure 4.1 (A and (B)) are from 

same scale and colored ones (Figure 4.1 (C and D)) from same scale, and they were taken under 

the same light source using the Zeiss Lumera Microscope. 
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4.1.2 SEM and EDS 

The surface morphology of the FS was examined on both sides before and after the dye 

absorption through SEM at 1000X magnification. Figure 4.2 (A and B) shows images of circuli 

(the outer scale side) before and after dye absorption, respectively. Figure 4.2 (C and D) represents 

the same for the inner side (smoother). No significant differences have been perceived between 

the images of same unit. A similar observation has been noticed by Uzunoğlu and Özer (2016) in 

their research. However, in Figure 4.2 (A and B), some cracks are visible, and the cracks in the 

dye absorbed FS (B) are somewhat smaller than that of the pristine FS image (A); it might be an 

indication of dye anchoring, but not as obvious as noted by Zhu et al (2013). The reason of 

significant finding reported by these authors is due to some chemical treatments with NaOH 

followed by heat application in order to increase the pore size of the FS so that the dye adsorption 

can be maximized. Ribeiro et al. (2015) diagnosed the untreated FS surfaces as non-porous, having 

therefore a poor adsorption. In the present study, no chemical treatment or external heating were 

applied, since they involve extra cost and process complexity.  

 
A 

 
B 

 
C 

 
D 

Figure 4. 2: SEM images of the pristine rough side of FS before (A) and after (B) dye absorption, 

and of the smooth side of FS before (C) and after (D) dye absorption 
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Table 4. 1: EDS elemental analysis (expressed in percentage of weight) and comparisons with 

other reported findings 

             Elements 

Criteria 

C N O Na Mg P S Ca References 

 

Drum 

P* R* 27.02 16.65 38.62 0.7 0.53 7.25  9.22 This study 

S* 55.41 23.49 21.10      

C* R 4.64 3.34 53.52   12.0 0.79 25.71 

S 48.58 18.72 32.72      

Rohita   46.08 26.64 24.86   0.91 0.24 1.27 (Marrakchi

, Ahmed, et 

al., 2017) 

Tilapia   45.7  38.9 0.2 0.2 5.6  9.4 (Ribeiro et 

al., 2015) 

E* bass    40.1 0.54 24.0   8.47  9.6 (Uzunoğlu 

& Özer, 

2016) 

Mixed   33.76  38.81   7.97  19.01 (Ooi et al., 

2017) 

P*=Pristine FS, C*=Colored FS,  R*=Rough surface of FS, S*=Smooth surface of FS, 

E*=European 

 

EDS elemental analysis identifies and quantifies elements present in a material. It 

confirms the presence in FS of C, O, N, Na, Mg, P, S, and Ca and their weight percentages are 

listed in Table 4.1. The data reinforce the differences in the percentage of weight content in 

different places of FS, although all studies consulted in this paradigm have concurred that the 

enlisted elements are the full elemental profile of fish scales (Marrakchi, Ahmed, et al., 2017; Ooi 

et al., 2017; Ribeiro et al., 2015; Uzunoğlu & Özer, 2016). Uzunoglu and A. Ozer (2016) noted 

the same regarding various amounts of elements and commented that the heterogeneous structure 

of the fish scale is the reason behind it. The inner side of the scale is made of organic matters as it 

contains high amounts of C, O and N. In contrast, in the outer side, the presence of Ca, S, P along 

with some organic matters and Ca:P ratio (1.27 and 2.14 before and after dye absorption, 

respectively) affirms the presence of inorganic compounds such as hydroxyapatite, 

Ca10(PO4)6(OH)2, and/or carbonated apatite, Ca10(PO4)6CO3 (Ribeiro et al., 2015). The reason of 
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positive change in the Ca:P ratio (from 1.27 to 2.14) might be the leaching of the organic matter 

as a result of the temperature application during the dye absorption process, which might cause 

resultant increment of other elements. Although, Ribeiro et al (2015) pointed out that the leaching 

of inorganic substances occurs in acidic medium, the gelatin formation in this study supports 

leaching of organic matters. The same notion (changing C, N and O percentage) is also seen from 

smoother surface of the FS.  

4.1.3 Thermo-gravimetric analysis of FS 

Thermal degradation of the FS in terms of weight loss percentage as a function of 

temperature was investigated by thermo-gravimetric analysis (TGA) and the results are illustrated 

in Figure 4.3. The initial weight loss is accounted as 14.2% between 25oC and 150oC as a result of 

evaporation of adsorbed water (to 110oC) and of the hydrogen-bonded (absorbed) water (to 

150oC). The subsequent weight loss (about 3%) occurring to 246oC might be due to removal of 

remnant water from the  inorganic lattice structure and decomposition of light volatile compounds 

in FS (Ooi et al., 2017). The thermal decomposition temperature is set at 285oC, with the maximum 

loss of weight (almost 0.2%/oC) at 332.5oC. In the temperature domain of 285oC to 400oC, Torres, 

Troncoso, & Amaya (2012) assumed that collagen polymeric chains might melt, degrade and 

decompose. Decomposition of other macromolecular substances and evolution of gases take place 

after 400oC and finally result about 50% residues of inorganic apatite by losing 50% weight from 

its initial status (R. Chakraborty, Bepari, & Banerjee, 2011; Mota, Silva, Vieira, Sussuchi, & 

Cestari, 2013). According to Ooi et al (2017)’s observation, FS has signifcant amounts of volatile 

componds and low ash content. Marrakchi et al (2017) obtained a 12.18% residue by carbonizing 

rohita fish scales at 600oC temperature.   
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Figure 4. 3: TGA curve of drum’s FS 

4.1.4 FT-IR 

The Fourier-transform infrared spectra (FT-IR) of raw scales (as such) 

and of pulverized scales present the absorptions characteristic to peptide (amide) groups from 

polymer chain amino-acids, -NH-C(=O)-, labelled as Amide A, Amide I and Amide II, together 

with the bands typical to absorbances for phosphate and carbonate ions in the apatite lattice 

containing hydroxyapatite, Ca10(PO4)6(OH)2, and calcium carbonate, CaCO3, are presented in 

Figure 4.4 (A). However, as shown in Figure 4.4 (B), after grinding to 75µ, the intensity of 

inorganic component was augmented as the ratio between the major phosphate absorption and that 

of Amide I increased over three folds (to 7.57) as compared to that of the raw scale (2.38 for as 

such). 
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Figure 4. 4: Comparison between FTIR spectra of the fish scales before (as such) and after 

grinding to 75µ powder 

This is an important observation, because the apatite components are the major players 

in reacting with sodium salts of sulfonic acid dyes. After dyeing, the Amide I and Amide II 

absorptions are present both in raw (as such) and in colored scales, while the phosphate and 

carbonate anions are absent because of their migration in water as sodium soluble salts. An 

example is given in Figure 4.5 which compares the FT-IR spectra of blue scales colored with acid 

blue 45 dye. Certain absorptions of the blue acid dye might be identified in the FT-IR spectrum of 

blue scales (Figure 4.5 (A)), while this spectrum is lacking –PO4 and –CO3 anion bands (Figure 

4.5 (B)).   

 
Figure 4. 5: Comparison between FTIR spectra of the blue fish scale and the AB45 dye used for 

scale coloration (A) and of spectra of the raw (as such) and of the blue scale (B) 


