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Preface 

There has never been a time where the need for sustainability has been felt as profoundly as is 

evident from the global events of today.  The global geo-political situation, emergence of new 

world players, decline in influence of current super powers, struggle for controlling the worlds 

resources, emergence of new economic blocks, utilization of resources to their optimum in today’s 

changing world all dictate that our survival lies in a renewed strategy to use our limited resources 

especially in a sustainable way.  Hence the new industrial, social, cultural, and environmental 

scenarios has to be analyzed and new strategies are to be devised so as to make our living 

sustainable.  This need has been felt and thought after since last two decades and recognized in our 

Department which plays a vital role in indigenous and global research to contribute towards the 

sustainable development of Pakistan in the areas of vital importance such as process industries, 

use of natural resources, recycling, and reuse.  

This international event of “Sustainability in Process Industry (SPI-2020), (15-16, Dec. 2020) 

hosted by the Department of Chemical Engineering, University of Engineering and Technology 

Peshawar, has been a regular bi-annual event attracting the cutting edge research from the 

renowned researchers of both national and international repute since its first inception in 2012.  

Until now this has been an on-campus participating event however with the adaptation of new 

norms due to COVID-19, this year’s event is being held online which we hope will bring new 

horizons in our intellectual and professional interaction on national and international level. 

The 1st conference on “Sustainability in Process Industry (SPI-2012), was held at UET, 

Peshawar on March 28, 2012, 2nd on “Sustainability in Process Industry (SPI-2014)”, on May 

22, 2014, 3rd conference in this series, “Sustainability in Process Industry (SPI 2016)” was held 

on October 19-20, 2016 and 4th conference on “Sustainability in Process Industry (SPI 2018)” 

was organized on October 24-25, 2018 with the support of Higher Education Commission (HEC), 

Frontier Works Organization (FWO), and in collaboration with PASTIC. 

We hope that you will find this 5th conference on “Sustainability in Process Industry (SPI 

2020)”, being held on our Departments Silver Jubilee (1995-2020), intellectually stimulating with 

provision of valuable opportunities to share ideas with other researchers and industrial 

practitioners.  

 

 

Prof. Dr. Muddasar Habib 

Conference Chair 
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Abstract— Rapid industrialization has posed global challenges such as pollution, waste disposal, and severe 

environmental degradation. Consequently, Pakistan has also been facing severe environmental degradation. 

Particularly, combustion emissions from small and medium-sized industries in Pakistan contain particulate in 

quantities that are far larger than the acceptable ranges set by national and international environmental protection as 

well as health organizations. Therefore, various methods are needed to reduce emissions to the minimum acceptable 

standards. Membrane separation technology has been widely used for the treatment of industrial effluents. However, 

the selection of appropriate membrane material with high thermal, chemical, and mechanical stability is critical while 

using membrane separation technology in treating combustion products. In this study, porous membranes were 

fabricated from, ceramics materials which are not only cost-effective but also known for high chemical and mechanical 

stability and longer life. The appending pore-forming agent technique was used for the fabrication of membrane, where 

porous alumina and fly ash were used as a base material. A 30 vol% starch solution was used as a pore-forming agent. 

Moreover, 1M solution of NaOH and Na2CO3 in combination with 3 ml of ethyl silicate and 2 drops of carbonic acid 

were used as binders.  The membrane recipe was mixed at 22 ºC and poured in the mold and kept for 24 hours to dry. 

Afterward, it was de-moisturized at 105 ºC for 20 hours. The membrane was then sintered in a furnace at 1250 ºC. The 

porosity of the final products ranged from 62.2 to 75.1% with an average pore size ranged from 7.6 to 10 µm. The 

measured bulk densities were 4.5- 4.05 g/cm3 with linear shrinkage of 5.3-3.4%. Moreover, the mechanical strength 

was 2.7 MPa. The visual permeability of the membrane showed a significant reduction of the particulate in the 

combustion products, after passing through the membrane.   

 
Keywords—Air pollution, appending pore forming agent technique, porosity, porous ceramic membrane, sintering.  

I. INTRODUCTION 

According to the worldometer reports the worldwide population growth rate is 1.01% in 2020, where 

Pakistan is placed at 5th position [1]. Due to this rapid increase in population it is of utmost importance to 

fulfil the needs of human lives. Which caused industrialization and development in infrastructure. 

Consequently it engendered many environmental calamities e.g. global warming, air and water pollution, 

waste disposal and reduction in human life resources [2].  

More specifically talking about the air pollution according to WHO’s report the air pollution has been 

augmented by 8% in the previous 5 years, while the Peshawar city is ranked second among all the air 

polluted cities in the world. Approximately 98% of towns having population of 100,000 in little and 

intermediate income countries, containing Pakistan are not meeting the air quality standards according to 

WHO reports [3]. The level of particulate matter (PM2.5) in Peshawar is 40-90 micrograms per cubic 

meter while according to the National Environmental Quality Standards (NEQS) the limit is 15 

micrograms per cubic meter [4]. 

To contribute to the reduction of air pollution, membrane purification technology is considered worldwide 

the most effective, reliable, highly energy efficient and simple in operation [5]. Polymeric or organic 

membranes have been used previously [6] but their major drawback is the inability to withstand severe 

conditions like high temperatures and high chemical and corroded environment  

Ceramic or inorganic membranes on other hand are considered for such uses because of low thermal 

expansion coefficient, high corrosion stability, high mechanical bending strength, good specific surface 

area, good thermal resistance to high temperature, good permeability feature and light weight compare to 

metals [7].  The porous ceramic materials used for the manufacturing of porous ceramic filtering 

Fabrication and Characterization of Porous Alumina and Fly Ash 

Based Filtering Membrane through Appending Pore Forming Agent 

Technique  

Ihsan Ur Rahman A,*, Khurshid Ahmad A, Muhammad Hassan A, Misbah Ullah A, Muhammad Sohail A 

and Muhammad Farooq Siddique A  

A=U.S.-Pakistan Center for Advanced Studies in Energy (USPCAS-E), University of Engineering and 

Technology Peshawar  
A,*Email: ihsanrahman.uspcase@uetpeshawar.edu.pk  
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membranes are those, whose morphology varying depend upon the fabrication techniques, those materials 

are [8]; aluminum oxide or alumina [9], zirconium oxide [10], silica or silicon oxide [11], silicon carbide 

[12], mullite, magnesium oxide, silicon oxy-carbide, cordierite, titanium oxide [13]. The melting points 

described for these ceramics are very high i.e. for Alumina melting point is 2050 ºC, for zirconia 2770 

ºC, for titania 1605 ºC and for silicon Carbide 2500 ºC [14].  In these materials the mostly used is alumina 

for its excellent nature of chemical and thermal stability and good structure [15]. But the issue associated 

with it is high temperature of sintering i.e. ≥ 1500 ºC [16] which make it less economical. To reduce the 

cost of raw material and using low temperature sintering, different techniques are in use [17].  

Studies shown that fly ash which is the byproduct of many combustion process specifically of coal fired 

power plants, also causes environmental pollution [18], this fly ash would be utilized because it contain 

mostly alumina and silica which  consequently will reduce the cost of raw materials, also fly ash disposal 

issue will be reduced [19]. The addition of starch to this type of ceramic membrane will reduce the 

mechanical strength of it, which is the basic intrinsic property of the ceramic membranes [20]. It is of 

utmost importance to develop such a ceramic membrane which have high mechanical strength and good 

porosity properties [21].  

In this research, a porous alumina and fly ash based membrane is fabricated (for treatment of flue gases 

of tyres powder combustion) through low sintering temperature by appending pore-forming agent 

technique where starch is used as pore former, to maintain good porosity and mechanical strength some 

binding material i.e. Ethyl silicate, sodium carbonate and sodium hydroxide are also used. Different 

composition are made and then characterized at the end.  

II. METHODOLOGY 

A. Material Selection 

Porous alumina with a chemical formula Al2O3. Having melting point and boiling point 2030°C, 2977°C 

respectively while the density is 3.0-4.0 gm/cm3. It is in pure white powder form. Porous alumina is one 

of the base material used for having excellent structure and good thermal and mechanical properties [15] 

and for pore size distribution. Fly ash is brought from Lakhra Coal-Fired Power Plant, Sindh, Pakistan. 

After X-ray florescence spectroscopy the main constituents found were SiO2 63 wt%, and Al2O3 22 wt% 

etc. Fly ash is used to reduce the cost of fabricated membrane and help in ash disposal management also 

it has internal bonding with alumina in making mullite too [22]. Starch is an organic compound having 

chemical formula of (C6H10O5)n. It is in white amorphous powder form. The melting point of this starch 

is 256 °C while the density is 1.5 gm/cm3. This organic compound is used as pore forming agent which 

upon burning during sintering process left pores behind [23] also it is used as binder too. Ethyl silicate is 

used in combination with sodium carbonate and sodium hydroxide as a binder to maintain the proper 

mechanical strength of the fabricated membrane [24]- [25].  

B. Fabrication steps 

In this research work for the fabrication of ceramic membrane ‘appending pore for agent Technique’ was 

used. The steps followed during fabrication are shown in Figure 1. All the reactants are first made active. 

100 gm of porous alumina was taken and placed in furnace at 600 ºC for 2 hours to calcine it, during 

calcination the pure white alumina changed to brownish color. 100 gram of fly ash was first washed 

through HCl leaching and again washed with NaCl Leaching. Then washed fly ash sample was placed in 

furnace at 105 ºC for 6 hours where its original black color changed into grey. 30 Vol% solution of starch 

was prepared and placed on hot plate for mixing at 960 rpm and heating at 80 ºC for 24 hours where the 

starch solution becomes thick, setup is shown in figure 2. Afterall 1M binder solution of Na2CO3 and 

NaOH was prepared by mixing at 1200 rpm at room temperature for 24 hours on hot plate. Starch solution 

is used, 2.3 gm of base material per 1 ml of starch solution while same combination is applied for binder 

solution too. After the activation of reactants 4 samples were prepared in slurry form shown in table 1. 

The prepared 4 membrane samples were then passed through different treatments like mixing all the 

reactants, where calcined alumina and activated fly ash were mixed manually, in parallel starch solution 
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Fig. 1. Steps followed during fabrication of  porous alumina and fly ash based filtering membrane 

through appending pore-forming agent technique  

. 

and binder solution were mixed on hot plate magnetic stirrer speed of 1200 rpm. Then both the mixed 

reactants are ball milled for 1 hour to get uniform slurry. Once all the membrane samples were mixed 

homogenously it was forwarded for next treatment of molding. The membrane slurries were poured into 

molds, two types of molds were used i.e. polyethylene and steel mold of 0.061 m. petri dishes were used 

as a base for putting mold into it, while peace of A-4 sheets were place in between molds and petri dishes. 

The surface were properly oiled in case de-molding. Molding setup having sample-04 is shown in figure 

3.

TABLE I: COMPOSITION OF FOUR MEMBRANE SAMPLES 

Reactants Sample-01 Sample-02 Sample-03 Sample-04 

Alumina 5 g 10 g 15 g 20 g 

Fly Ash 5 g 5 g 5 g 0 

Starch 

solution 

5 ml 6.53 ml 8.7 ml 8.7 ml 

Binder 

solution 

4.5 6.53 ml 8.7 ml 8.7 ml 

Ethyl Silicate 3 ml 3 ml 3 ml 3 ml 

Carbonic 

Acid 

2 drops 2 drops 2 drops 2 drops 

Water 10 ml 0 0 0 

Alumina Fly Ash Starch Solution Binder Solution 

Ball milling 

Manual Mixing 
Mixing over hot plate 

Water bath treatment, drying 

Molding 

De-moisturizing in oven 

De-molding and drying in 

open atm 

Sintering in furnace 

Membrane prepared 

samples 
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Fig. 2. Experimental setup of preparing 30 Vol% 

starch solution, hot plate is used with magnetic 

stirrer, the temperature was kept constant at 80 ºC 

while mixing speed was 960 rpm for 24 hours. 

Fig. 3. Molding setup for sample-01 where 

polyethylene mold of 0.061 is used.

 

The molds are then covered fully and placed in water bath set a temperature of 80 ºC for 1 hour. The 

purpose of treating the membrane samples in molds is to avoid uneven shrinkage and segregation. Once 

it’s done the membrane samples molds are then uncovered and treated at 13 ºC for few minutes for sudden 

quenching, after all the samples are placed in open atmosphere at 22 ºC for 24 hours, at last the samples 

were demolded and placed in open atmosphere for 3 hours. All the membrane green bodies were then 

treated at 105 ºC for 20 hours in furnace to remove the moisture content. Finally the moisture free 

membrane samples were sintered till the temperature reached 1250 ºC in stepwise temperature rise and 

fall i.e. from 20 to 500 ºC the heating rate was 2 ºC/min so that the combustion of starch occur, then 

temperature was maintained at 500 ºC for 2 hours. From 500 to 900 ºC the temperature rate was 2 ºC/min 

again to decompose other unwanted substances present in the samples, now from 900 ºC till 1250 ºC the 

heating rate was 1 ºC/min. Once the last temperature was attained, it is finally decreased in the similar 

manner to avoid any uneven rise or fall in temperature.  

All 4 membrane samples are cured and fabricated in the similar type of fabrication steps, sample-01 and 

sample-04 are shown in figure 4 and figure 5. 

Fig. 4. Front side view of sample-01 (50 wt% 

alumina and 50 wt% fly ash) membrane sintered 

at 1250 ºC 

Fig. 5. Top side view of sample-04 (66.3 wt% 

alumina and 33.3 wt% fly ash) membrane sintered 

at 1250 ºC 

III. RESULTS AND DISCUSSION 

A. Loss in Mass 

All 4 membranes samples after drying and de-moisturizing in oven at 105 ºC for 20 hours, sintering at 

1250 ºC in furnace through stepwise manner, are examined for percentage loss in mass using (1). 
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Loss in mass, due to de-moisturization in oven and sintering in furnace for all 4 samples is shown in figure 

6, where sample-01 shows higher percentage of de-moisturization as it contain additional water content. 

While the other samples show a gradual increase in percentage loss in mass as the porous alumina content 

increases. Similar pattern is followed in sintering process too. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Percentage loss in mass of all 4 samples during drying in oven at 105 ºC for 20 hours and 

sintering in furnace at 1250 ºC (stepwise heating and cooling) 

B. Bulk Density, Percentage Porosity and Percentage Linear Shrinkage Measurement 

The bulk densities and percentage porosities of all 4 membrane samples were examined by arranging 

experimental setup for applying Archimedes Principle. While percentage linear shrinkage was determined 

by using (2). 

 
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐿𝑖𝑛𝑒𝑎𝑟 𝑆ℎ𝑟𝑖𝑛𝑘𝑎𝑔𝑒 =

𝐷1 − 𝐷2

D1
 𝑥 100 

(2) 

Where D1 is the diameter of membrane sample before sintering process while D2 is diameter after 

sintering process. As shown in table 2, the percentage porosities are increased gradually from sample-01 

to sample-04 while bulk densities and percentage linear shrinkages are decreased. The reason is increase 

of alumina and starch content in all samples. 

 

TABLE II: PERCENTAGE POROSITIES, PERCENTAGE LINEAR SHRINKAGE AND BULK DENSITIES OF ALL 

CURED MEMBRANE SAMPLES 

Membrane samples 
Percentage 

Porosity 

Percentage 

linear shrinkage 

Bulk density 

(gm/cm3) 

Sample-01 62.4 5.3 4.48 

Sample-02 65.2 4.4 4.33 

Sample-03 68.9 4.0 4.21 

Sample-04 75.01 3.4 4.05 

                                                   %𝑎𝑔𝑒 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑚𝑎𝑠𝑠   =

        
initial mass of the sample (gm)−𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑎𝑠𝑠 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦𝑖𝑛𝑔 (𝑔𝑚)

Initial mass of the sample (gm)
 𝑥 100                (1) 
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C. Optical Microscopy 

All the membrane samples are then passed through optical microscopy test. The optical microscope was 

set at 500X. The average pore sizes determined from sample-01 to sample-04 were, 7.6 µm, 8.4 µm, 9.1 

µm and 10 µm respectively. Sample-01 and sample-04 optical microscope structures are shown in figure 

7 and figure 8 respectively. The largest average pore size was determined for sample-04 while there is 

uniformity in the pore structure too. 

Fig. 7. Optical microscopy of sample-01 with 

average pore size of 7.6 micrometer. (Test is 

conducted for cured membrane sample sintered at 

1250 ºC in furnace). 

Fig. 8. Optical microscopy of sample-04 with 

average pore size of 10 micrometer. (Test is 

conducted for cured membrane sample sintered at 

1250 ºC in furnace.

 

D. Compressibility and TGA Analysis 

Compressive strength test is carried out for all samples to check its strength, the highest was found for 

sample-01 which is 2.7 MPa. For sample-02 the strength was 1.2 MPa while for other 2 samples the 

mechanical strength was less than 1 MPa. 

Thermal gravimetric analysis (TGA) is conducted for sample-01 before curing it fully. From figure 9 its 

disclosed that the loss in mass is higher in early stages till 600 ºC as in beginning there is de-moisturization 

and after it combustion of starch starts. Then at higher temperature the loss in mass is reduced to low. 

This shows how efficient and stable ceramic membranes are, using at high temperatures. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Thermal Gravimetric Analysis (A 8.5 mg of sample in powder is taken after that nitrogen is 

admitted into the apparatus at rate of 30 ml/min for 30 mints. 20 °C/min heating rate is fixed till 750 °C 

for the removal volatile components). 

E. Visual Permeability Test 

At last a visual permeability test was performed. The experimental setup made for this test is shown in 

the figure 10. The glass tube has two parts, upper and lower part the porous ceramic membrane was fixed 

in between these two parts. And the lower end of the glass tube was fixed on the combustion chamber 

chimney. While the upper end of the glass tube was tightened with the vacuum pump inlet. The vacuum 

pump sucks the exhaust gases from the combustion chamber which passes through the membrane and 

released to the atmosphere through the outlet of the vacuum pump. The fuel used here for the test was 

powdered tyre in combustion chamber. As shown in figure 11 & 12, a cake is found of blackish 
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particulates on the exposed surface of membrane to the flue gases from combustion chamber. While the 

upper surface of membrane is found quite neat and clean.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Visual Permeability Test Setup, All the dimensions of the glass tube is according to the 

dimensions of the prepared membrane samples. The height of the lower glass tube is 10 inch while the 

upper glass tube part have 6 inch in length. 

.Fig. 11. Cake of blackish particulates 

over the lower surface of membrane 

exposed to flue gases   from 

combustion of tyre powder. 

Fig. 12. Upper surface of membrane 

after testing it for flue gasses passage 

IV. CONCLUSION 

The porous-alumina and fly ash based membrane is fabricated through appending pore-forming agent technique. 

4 samples were prepared and analyzed through different characteristic measurements, the mechanical strengths 

determined were 2.7 MPa, 1.2 MPa and so on for all samples respectively. The porosity ranged from 62.2 % to 

75.01%. The increase in the amount of porous alumina resulted in a decrease in the bulk density from 4.5 g/cm3 

to 4.05 g/cm3 while linear shrinkage also decreased from 5.3% to 3.4%. Thermal gravimetric analysis shows 

high stability of porous alumina and fly ash based membrane at higher temperatures. The visual permeability 

test as showed a good filtering of the flue gases at high temperatures. 
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Abstract— The present research investigates the impact strength behaviour of AA6063 casted composites reinforced 

with varying percentages of micron SiC particles and 5 wt. % graphite. AA6063/SiC/Gr hybrid composites were 

fabricated via liquid metallurgy route. The standard charpy impact testing was performed on the various fabricated 

samples and impact strength was evaluated. The significant improvement in impact strength was observed by adding SiC 

and graphite as a reinforcement in the aluminum matrix. The pure Aluminium’s average Impact strength was found to 

be 7 Joule for the three samples used for testing. For aluminium with 10 percent Silicon Carbide, the average Impact 

strength was found to be 8 Joule, which is 14.28 percent higher compared to pure aluminium. For aluminium with 20 

percent Silicon Carbide, the average Impact strength was 10 Joule for the three samples, showing increase of 42.85 percent 

in strength compared to pure aluminium.  

 
Keywords—  Hybrid composites, Impact strength, SiC and graphite particles 

I. INTRODUCTION 

The progress of science and technology needs to use advanced and latest materials for structural 

applications. A unique degree of properties unattainable in traditional non-reinforced metals and alloys is 

offered by metal matrix composites. The most important advantage associated with composites is their high 

strength and stiffness along with low weight. Due to their exceptional mechanical properties, the interest in 

the industrial use of aluminum (Al) and its alloys based composites in the automotive and aircraft sectors 

has gradually increased significantly in recent years [1]. AA6063 is an aluminum alloy of superior 

performance with adequately suitable mechanical characteristics. The motivation for substituting ferrous 

metals with versatile aluminum alloys can be increased by these exceptional attributes [2]. Taking into 

consideration their low weight, Al has poor hardness and strength for the mentioned objective. The addition 

of reinforcing particles to the matrix aluminum alloys introduces aluminum matrix composites, a fruitful 

approach to improving the mechanical properties of aluminum alloys [3]. As a reinforcement particle for 

AMCs, nitrides, carbides, oxides and few compounds of intermetallic have been extensively used. Among 

the carbide particles, Silicon carbide (SiC) is terribly attractive owing to its excellent physical and 

mechanical properties and, most of all, sufficient wet-ability with aluminum [4].  

 Although, there are various processing route for the development of AMCs such as powder metallurgy, 

squeeze casting, spray casting, ball milling, stir casting and friction stir processing. Among these, the stir 

casting process for nanocomposite products are more competent, reliable and less expensive as compared 

to the products manufactured by other processes [5][6]. Mazahery et al. [7] fabricated the high performance 

A356 –Nano Al2O3 composites by vortex method. They revealed that the hardness of the composites 

increased with increasing volume fraction of nano-particles. Tensile test results of as-cast and heat-treated 

SiC-reinforced Al 7075 matrix composites reported and found the increased UTS at 10% micro size SiC. 

Compressive and tensile properties of Al and Al–AlN nanocomposites have been studied. They proposed 

that compressive strength was enhanced by the addition of AlN nanoparticles. Pre-synthesized composite 

reinforcement prepared via milling of alumina with Al and Mg powders (master metal matrix composite) 

were anticipated. They have concluded that fabrication of Al-A206/ alumina composites by master metal 
 

 

Investigation on the impact strength of the stir casted Al/SiC/Gr 

hybrid composite for automotive applications 

Mohammad Azad AlamA,B,*, Lovejeet GerewalB, H.H YaA, Mohammad YusufC, Faisal 

MasoodD 

AMechanical Engineering Department, Universiti Teknologi Petronas, Seri Iskandar, Perak, Malaysia  
BMechanical Engineering Department, IFTM University, Moradabad, U.P India  

CChemical Engineering Department, Universiti Teknologi Petronas, Seri Iskandar, Perak, Malaysia  
DElectrical Engineering Department, Universiti Teknologi Petronas, Seri Iskandar, Perak, Malaysia 



5th Online International Conference on Sustainability in Process Industry (SPI-2020) 

Dec 15-16th, 2020 Department of Chemical Engineering, University of Engineering and Technology (UET), Peshawar 

 

11 | P a g e   

matrix composite with an addition of 100 nm alumina particles in the semi-solid state leads to considerable 

improvement in strength. By choosing proper combination of matrix and reinforcement material, a 

composite material can be developed that precisely meets the requirements of a specific application. 

Previous researches are limited in delivering constant and satisfactory exploration of A356 reinforced with 

SiC nanoparticles produced through two-step stir casting process. Although, some investigations have been 

reported the manufacturing of aluminium alloy reinforced SiC composites through double stir casting. 

Former researches are absence specially AA6063 reinforced with previously mechanically milled 

aluminium fine powder with SiC and Graphite nanoparticles through ball milling process using ball mill 

followed by two-step stir casting process. This work focuses to explore the fabrication process of 

AA6063/SiC/Gr hybrid composites through stir casting process. Mechanical behavior and morphology of 

AA6063 reinforced with SiC nanoparticles are also discussed in detail. 

 

II. METHODOLOGY 

Aluminium 6063 T5 is used as a matrix material and the Silicon carbide (Sic) and Graphite (Gr) is used 

as reinforcement. 

Table1: Chemical composition of aluminium 6063T5 
Component Al Cr Cu Fe Mg Mn Other 

each 

Other 

total 

Si Ti Zn 

Wt.% Max 

97.5 

Max  

0.1        

Max 

0.1 

Max 

0.35 

0.45- 

0.9 

Max 

0.1 

Max 

0.05 

Max 

0.15 

0.2-0.6 Max 

0.1 

Max 

0.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Flow chart for experimental plan 

Aluminium alloy in fixed amount is placed in a crucible furnace 

 

Aluminium alloy melted in furnace at 800 C 
 

Addition of preheating of weighed Sic and Graphite in fixed quantity to 200C 

for 1 hour 

 

Manual Mechanical stirring to proper mixing 

 

Then the liquid (molten metal and molten reinforcement particles) is usually 

poured into a mould, which contains a hollow cavity of the desired shape and 

then allowed to solidify 

 

After solidification the specimen is drawn and testing of mechanical properties 

is evaluated 
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A. Impact Test 

To determine the charpy test parameter following ASTM E23 Standard are used. The sample for charpy test 

was prepared by manual stir casting method. The charpy test was done on Impact test machine. Standard 

specimen was used to find out impact strength of the composite. The comparison of the properties of the 

pure aluminium 6063T5 with the properties of the composite materials. The charpy test specimen was 55mm 

long with 10 10mm2 cross section, having a standard 45 notch 2mm deep. 

 
 

Fig. 2: Charpy test specimen before testing 

 

 
Fig. 3: Dimension of Charpy test specimen 
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III. RESULTS AND DISCUSSION 

A. Impact strength 

The pure Aluminium’s average Impact strength was found to be 7 Joule for the three samples used for 

testing. Aluminium with 10 percent Silicon Carbide, the average Impact strength was found to be 8Joule, 

which is 14.28 percent higher compared to pure Aluminium. Aluminium with 20 percent Silicon Carbide 

the average Impact strength was 10Joule for the three samples, showing increase of 42.85 percent in strength 

compared to pure aluminium. Aluminium with 10 percent Graphite, the average Impact strength for the 

three samples was found to be 12Joule, which is 71.42 percent higher compared to pure aluminium. For 

Aluminium with 20 percent graphite, the average Impact strength for the three samples was found to be 

8Joule, which is 14.28 percent higher compared to Pure aluminium. Average Impact strength for aluminium 

with 10 percent Silicon Carbide and 5 percent graphite was found to be 11.33 which is 61.85 percent higher 

compared to pure Aluminium. Aluminium with 10 percent Graphite and 5 percent Silicon Carbide, the 

Impact strength for the three samples was found to be 8, 14.28 percent higher than the pure Aluminium. 

Aluminium with 20 percent Silicon Carbide and 5 percent Graphite, the average Impact strength for the 

three samples was 14, which is 100 percent higher than that of pure aluminium. Aluminium with 20 percent 

Graphite and 5 percent Silicon Carbide, the average Impact strength for the three samples was 10, 42.85 

percent higher than that of pure Aluminium.  

 

 

 

 
Fig. 4 Average Impact Strength Comparison of pure Al 

 

B. Fracture Behaviour 

To understand the unusual mechanical behaviour of this composite the fractography performed on the 

specimen fig (a-b) shows the micrograph of fracture surface of the specimen containing different percentage 

of silicon and graphite. 

Fracture normally occur as a result of one or the combination of the following mechanism 

1. Fracture reinforcing particle 

2. Particle debonding of reinforcement-matrix interface and nucleation of voids 

3. Development of the voids and ignition of cracks in the matrix 

Various type of factor is responsible for the composite fracture. They are the processing methods, the applied 

stress, reinforcement distribution and morphology of the reinforcing particle. The overall fracture is ductile 

in nature. The fracture behaviour of any material depend on a number of things like shape, size and its 

processing methods as it decides strength at the interface, its porosity and so on. 
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Fig. 4 SEM micrograph of fracture surface of Al/SiC/Gr composites. 

 

IV. CONCLUSION 

Stir casting process is well suited and economical for the preparation of AMMC’s with desired properties. 

The impact strength of MMC increases with increase in weight percentage of Sic & Gr and it is maximum 

for sample 8 (Al-20%Sic+5%Gr). The best result has been obtained at Al-20%Sic+5%Gr weight fraction of 

Silicon carbide & Graphite particles. Maximum Impact Strength = 14 Joules.  
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Abstract— This paper focuses on utilization of post-consumer poly ethylene terephthalate (PET) bottles for the 

fabrication of newly developed high strength, optimized insulating composite sheets as an effective, ecofriendly process of 

recycling. In order to reinforce the strength and aesthetics of the reclaimed material it is integrated with coupling agent 

known as talc. The impact of talc on the mechanical properties of the composite was studied in this research. It was 

concluded that talc of optimized size 45µm attributes high strength, high lubricity and surface homogeneity to the 

material. Talc to plastic ratio was 1:4. Strength and thermal conductivity results reveals that by adding filler material talc 

and virgin PET in recycled PET high mechanical strength, low thermal conductivity is obtained.  Nano-indentation 

technique was used to analyze further the mechanical properties of the composite sheets at nano scale level. Load-

displacement curves displayed the harder behavior of 80% RPET and 20% talc as it needed 100 µN load to impose a low 

penetration depth while the sheet without talc observed softer behavior.   

Keywords— Composite, Nano Indentation, Poly ethylene terephthalate, Recycled, Talc 

I. INTRODUCTION 

Poly ethylene terephthalate (PET) is widespread used polymer which is used in profusion in bottles 

manufacturing for water containment and beverages of carbonated drinks. [1] Post-consumer PET is 

discarded as dumps in landfills which is an environmental threat of global nature. The harm associated with 

PET are severe to humanity and aquatic life. The universal demand for PET based materials has been 

expedited so much that Pakistan annually generates 3.3 million tons of plastic waste, of which 60% is 

recycled, mostly mechanical. According to a report PET accounted about Pakistan produces 18.8 million 

tons which constitutes nearly 7% out of the total plastic production of 269 million tons. [2] By 2021 this 

annual consumption of PET bottles is set to pinnacle more than half of a trillion i.e. 583.3bn, according to 

the recent most estimates. [3] Economic and environmental aspect plays integral part in the use of reclaimed 

materials material and impart better insulating and compressive strength [4] In current era many researchers 

studied proved that additive materials can play a vital role in imparting strength to composite materials made 

up of recycled PET content. These binding/ filler materials are used as additive material  to improve some 

properties of theses polymeric materials.[5] Collection of post-consumer PET bottles, the recycling process 

and finally which market for the end product of recycling is to be targeted. Firstly, in this study only 

homogeneous waste is collected which is only discarded PET bottles. Secondly, mechanical recycling is 

preferred as the collected waste is of homogeneous nature. Thirdly and most importantly market for the end 

product is selected that is as a substitute for expensive insulating materials. [6] In this study it is feasible to 

perform mechanical recycling due to the collection of homogeneous plastics i.e. only one kind of PET 

bottles. Pretreatment is necessary to make good separation of each component. [7] Polystyrene and 

polyurethane foams whole  life cycle has bad footprints on environment and cause serious health issues in 

case of fire, thereby contributing in the rise of global warming potential.[8] These factors play a vital role 

to substitute these polymers with bio-renewable resources also called the recyclable materials Talc being 

the soft metal in a family has many uses as an industrial mineral.[9] Talc is abundantly available mineral 
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and an important filler in plastic, paint, and rubber as a filler material especially for softness works as it is 

also. This peculiar compound gave a few dominant characteristics to material which is softness, high 

strength, and purity. It is mixed in a ratio of 1:4 with the PET bottles. [10] Incorporation of talc and RPET 

as a  substitute of expensive filler materials and virgin polymers will help to cope with high energy demand 

for the manufacturing of these polymeric materials and CO2 release associated with these polymer 

manufacturing companies to make sheets of virgin materials will be minimized up to certain extent.[11] 

Poly ethylene terephthalate integrated with talc and impact of talc on the properties of PET was studied in 

this research. Talc ratio  in sheets when kept greater than 20% will result in  the longer setting time and 

lower compressive strength .[10] Researchers have confirmed that up to to some extent of substituting the 

high cost virgin polymers with recycled polymers reinforced with additives such as tire rubber, waste marble 

dust, fly ash, rice husk, saw dust, etc induce distinctive properties to reclaimed and helps in a alot of energy 

savings because of less manufacturing of virgin polymers. The effect of practically utilizing talc in 

composite insulating sheets, cement, tiles, self-compacting concrete, agglomerate marble, pavements, 

embankment, glues and paints with fruitful outcomes were demonstrated [11]–[13] During mechanical 

recycling, the stumbling block of RPET is hydrolysis and thermal degradation of RPET due to the residual 

moisture, contaminants and adhesives which causes the decrease in intrinsic viscosity and molecular 

weight.[14] To overcome this drawback VPET is mixed with RPET with varying percent. Studies shown 

that by increasing the percentage of RPET in composite sheets there will be decreasing intrinsic viscosity, 

thereby decreasing environmental footprints and economically feasible. The results of substitution of 20% 

of talc with 80% PET was investigated which gives maximum compressive strength compared to that of 

virgin PET. Researchers have studied that degradation of RPET leads to molecular weight loss & mechanical 

properties deterioration, hydrolytic chain scission, thermal exposure and shear degradation due to 

contaminants & moisture during reprocessing. Intrinsic viscosity of RPET is 0.76-0.84 dl/g[15]Studies 

reveals that 100% VPET is costly, not ecofriendly, non-sustainable, lower melt flow index and higher 

molecular weight, viscosity aesthetics of products. Intrinsic viscosity of VPET is 0.98 - 1 dl/g[6] Researchers 

have studied that composites of R/V PET prepared in defined conditions show certain rheological and 

mechanical properties similar to those of virgin polymers with better aesthetics, higher molecular weight 

and viscosity, ecofriendly nature, less costly, and better aesthetics. [15] Compressive strength, aesthetics, 

low thermal conductance and smoothness of surface of sheets increases with the substitution of abundantly 

available talc. [12]. The results revealed that virgin polymers can be an alternative to reclaimed polymers 

up to the range of 60- 80% recycled material.[15] 

This huge amount of post-consumer PET bottles needs to be utilized as a substitute material in preparation 

of composite sheets which will be used in the construction of sustainable sheets used in homes/ buildings, 

which in turn will help in minimizing this raw product and reducing environment threat. 

    
Fig 1. a) PET bottles waste b) Uses of Talc 

II. METHODOLOGY 

The materials used in this research were talc, waste PET, virgin PET. 

A. Talc  

Hydrous Magnesium Silicate Mg3 Si4O10(OH)2 also known as talc (Soap Stone) is incorporated in this 

research work was collected from Mingora emerald mines quarry. Talc was found in the form of irregular 

lumps o but for optimized conditions it is needed in powder form. Therefore it was crushed and grinded into 
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powder form using the hammer mill (FT2 Armfield, UK) thereby increasing surface area. Further sorting 

and screening by vibratory sieve shaker (Retsch AS200 Digit) to get a sample size of 45ϻm. The ratio of 

talc to PET is optimized at 1:4 which will yield an optimum product for that specific additive. 

 

B. Recycled PET Pretreatment 

Recycled PET bottles of grade 1 are used in a major ratio as it is the main ingredient of the composite 

material. These are collected from scrap dealer at the cost of Rs 60/Kg.  Firstly pre-treatment of these bottles 

was done where they were washed with tap water. Then PET bottles were shredded into small flakes for 

prompt melting. Furthermore these flakes were rinsed with RO hot water followed by caustic soda for 

thorough cleaning and got cleared of contaminants and adhesives. These clean flakes were then subjected 

into tray drier to remove any retained moisture for further processing. 

 

 

C. Virgin PET 

It was purchased form PEPSICOLA Company Limited. The properties of reclaimed polymers due to 

rigorous recycling procedures and environmental effects are lost and deteriorated which can be overcome 

by the inclusion of some amount of virgin polymers in the reclaimed material. 

 

D. Mixture Proportioning 

The tests were carried out on a variety of samples of varying ratio ranging from 80 %R PET to 100 %R PET 

with small amount of VPET i.e. up to 20% and a fixed ratio of talc i.e. with one part of talc and four parts 

of PET (1:4) as per the ASTM standards optimized in previous research. [10]  

 

E. Molding  

Materials were casted in metallic mold of 3x3 in. The mold was covered with aluminum foil, so the molten 

plastic slurry does not stick to the metallic mold. After the material was poured in the mold it was then 

covered with its head piece and was then removed from the respective molds after 24 hours of casting period. 

 

  

F. Experimental Procedure 

A non-stick metallic pot was selected for the melting process of plastic as it can sustain the severe 

temperature. The pot was filled with the raw materials and kept for pre-heating in a furnace set for 

330°C.The required amount of plastic was added to pot and it is introduced into the furnace for 20min at 

temperature of 330°C. Firstly, virgin PET was added into the pot then it is heated at about 330°C then RPET 

was added at temperature of 390°C. The waste plastic was kept in the furnace for 25-30 mins so that the 

plastic melts completely into molten form. 

After 20 min, the substrate changed into molten state, subsequently the filler material talc was added through 

constant mixing, and keeping utmost care so that the molten PET does not gets hard. Finally the molten 

plastic was poured into the mold. The mold was already packed with aluminum foil, which has much higher 

temperature than the plastic, to avoid any type of sticking with the surface of mold. Without any further 

delay quickly the mold was put into the hydraulic press and compressed to get smooth and strengthened 

surface. Then it was kept for cooling under room temperature for 3 Hrs. Then the side surface was 

smoothened by sand paper. Hence the molten plastic solidified into thick insulating composite sheets. 



5th Online International Conference on Sustainability in Process Industry (SPI-2020) 

Dec 15-16th, 2020 Department of Chemical Engineering, University of Engineering and Technology (UET), Peshawar 

 

18 | P a g e   

 
Fig 2. Schematic of fabrication of composite sheet 

G. Characterization 

1. Compressive Strength Test 

Compressive strengths tests of the composite samples were conducted using Universal Testing Machine 

(UTM), model number UH-200A, with a capacity of 200 tons according to ASTM D3410 standard. 

Cylindrical samples of diameter 1 in and length double of diameter 2 in were prepared as per required 

standard. UTM top plate was allowed to move at constant speed to apply an axial compressive load on the 

surface of the sample. The UTM provides an optimum value of compressive load (P) at failure. The 

compressive strength was then calculated by the given equation. 

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ =
𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒

𝐴𝑟𝑒𝑎
 

 

 
Fig 3. Universal testing machine 

2. Thermal Conductivity Test 

Thermal conductivity tests were performed on the heat conduction unit (P.A. Hilton Ltd).Samples of 

composite insulated material having diameter 30mm were fabricated and were placed in between the 

apparatus and the heat transfer rate at different point was noted. The thermal conductivity was determined 

as per the extent of heat conduction by each material.  



5th Online International Conference on Sustainability in Process Industry (SPI-2020) 

Dec 15-16th, 2020 Department of Chemical Engineering, University of Engineering and Technology (UET), Peshawar 

 

19 | P a g e   

 
Fig 4. Thermal Conductivity Unit 

 

3. SEM Analysis 

To get the morphological images of the samples SEM JSM-IT100, JEOL, Japan is used. SEM is a kind 

of electron microscope. SEM produce image of sample surface by very high energy beam of electrons. The 

composite surface is analyzed for the surface deformation. 15 KV voltage was needed in order to excite the 

electrons. The samples were gold coated first to provide the conductive characteristics to the composite 

surface. Samples were placed on steel stubs with aid of adhesive tape. Silver coating paint worked as a 

bridge of conduction between steel stub and the composite surface. SEM images shows the ductile or brittle 

deformations and presence of cracks etc on the surface of sample.  

 

4. Water Testing 

The method ASTM D 570-98 was utilized for observing the water absorption effect on the strength of the 

composite sheet. For this purpose samples were firstly dried in the tray drier. Keeping precision of 0.01g in 

consideration the samples were weighted through analytical weight balance. The samples were then 

immersed in normal distilled water at ambient/room temperature conditions. The samples were then weighed 

after removing from water, dried out with drier and then compared to the initial weight before immersion in 

water. Composite sheet sample was weighed before immersion into the water. It was then left for 24 hours 

of immersion in water and then weighed again.  

 

 
Fig 5. Sample immersed in water 

5. Nano Indentation 

Nano indentation also called as depth sensing indentation. It is used to analyze nano scale mechanical 

properties of materials for instance, metals, biological tissues and polymers. Nano-indentation analysis was 

performed on the developed composite using MTS Nano-Indenter IIs (Nano Instruments Ltd., USA). The 

load was imposed via the Berkovich Indenter for some specified time. Subsequently the residual indentation 

dimension was measured. The load was imposed on the composite sheet sample which then imposes an 
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indent on the surface by covering a displacement also known as indentation depth displacement. This load 

could be a function of the indentation depth or vice versa. Every indentation experiment gives a set of 

loading and unloading curves which are use to analyze hardness of the material.[16] 

 

 
 

  Fig. 6 MTS Nano-Indenter IIs, (NANO INDENTERVR IIs machine, supplied by Nano Instruments 
Ltd., Tennessee, USA) 

 

III. RESULTS AND DISCUSSION 

A. Compressive Strength Test 

These compressive strength results shows the comparison of two PET polymers one obtained from recycled 

bottles RPET and the other was with virgin VPET and talc. In order to improve properties and cut out the 

drawbacks of RPET at high temperatures, recycled polymers were melted along with VPET. Due to less 

molecular weight and less intrinsic properties of RPET it shows lesser strength. It is clear from the figure 7 

that the compressive strength of composite sheets is increased when some of the reclaimed material is 

replaced with 20% new material and 20% optimized filler/coupling agent compared to the sheets made of 

RPET only. This is due to the fact that the compressive bonding forces formed after the incorporation of 

coupling agent and filler material talc is stronger than normal. 

 

 
Fig 7. Composition of V/R PET -talc composite sheets vs Compressive Strength of composite sheets 
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B. Thermal Conductivity Analysis 

Figure 8 illustrates three curves, where each of the curves is an insulating material made of different 

compositions. The only process parameter kept constant was the degree of compression of each insulating 

product. Talc to plastic ratio was optimized as 1:4. Figure 8 shows that material made of 100% RPET with 

no additives has the most steeper slope and the material with 80% recycle PET and 20% V PET incorporated 

with and without talc has a less steeper slope comparatively. Hence the newly developed optimized sheet 

having 80% RPET/VPET and 20% talc shows the least steepness and  represented the lowest gradient value 

of K = 0.0214 W/m.k which is the most preferable material composition as it gives the best insulating 

property which means the temperature drop is low as one moves along the length/thickness of the material. 

These results indicated the importance of reinforcing filler material. Pores conductivity was reduced due to 

entrapped air in the pores. Composite sheets with reinforcing talc particles shows better thermal insulation 

due to preservation of pores. These talc particles restricts the  movement  of  the  gas  particles,  reducing  

the  heat  transfer  through  the  base  polymer. The correlation between these values may be attributed to 

the geometrical complexity of the composite sample for instance, particles shape and size, distribution and 

orientation of the dispersed particles, packing fraction, trapped air within the composite etc 

 

 

 

TABLE I: THERMAL CONDUCTIVITY OF COMPOSITE SHEETS 

 

 

 

 
Fig 8. Temperature gradient across the length of the sample 

 

Length Temperature 

(mm) 80 % RPET 100%RPET 80% RPET + Talc 

10 112.8 107.5 120.1 

20 108.2 96.2 104.5 

30 98.7 93.8 95.2 

70 23.8 23.9 24.8 

80 23.2 22 22.4 

90 22.4 21.9 21 

K (W/m. k) 0.0243 0.314 0.0214 
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C. SEM 

SEM images in figure 9 (a) amply reveals the talc blended intimately in the PET plastic but of less aesthetics. 

Figure 9 (b) shows a uniform distribution of talc throughout the composite. Pores can also be observed upon 

the surface. Bubbles formed are due to the injection of talc to the PET plastic. Void space and the porous 

structure helps to generate vacuum inside the material enhancing its insulating properties. Figure 9 (b) 

indicates appreciable adhesion between the materials used. The aesthetic properties of figure 9(b) is 

improved due to the inclusion of talc and virgin PET polymer and lower formation of talc agglomerates 

were visible which contributes to its hardness. Whereas 100 % R PET has low aesthetic properties and low 

strength compared to V/R-talc composite sheets which took integral part to lower elastic modulus and 

compressive strength. 

 

             
 

Fig. 9 a) 80%Recycle + Virgin PET b) 80% R + Virgin PET+ Talc 

 

D. Water Absorption Test 

 

The composite samples after the immersion in water shows the following results: 

Weight of the composite before immersion in water = Wi = 135 g 

Weight of the composite sample after immersion in water = Wf = 135g  

Amount of water absorbed = Wi – Wf = 135g – 135g =0.00 kg 

Thus it was concluded that these newly developed composite sheets are water proof in nature and can be 

used in the buildings and homes for insulation purposes safely. 

 

 

E. Particle Size of Talc 

Effect of particle size on the strength of insulating material is shown in figure 10. It is noted that as the 

particle size was decreased the material had greater strength and by increasing the mesh size the strength 

was decreased. The material having mesh size of 45 µm had maximum strength.  
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Fig 10. Particle size of different mesh size vs strength of the material 

F. Nano Indentation 

The mixing of talc to the composite sheets can have a sturdy effect including stiffness, softening or swelling 

of the sheets showing increasing volume. Nano-indentation analysis was performed on different samples 

and loading and un loading cycle curves were obtained. Figure 11 represents load vs displacement curves 

of composite samples. Both the curves observed similar pattern and 100 mN load was imposed on the 

samples to produce an exceptional range of penetration depths. The observed high values of peak load are 

due to stiffness and strength caused by filler material talc. The maximum displacements were in the range 

of 10 μm to 16 μm. It was concluded that composite sheets having  some amount of Virgin PET, 20% talc  

and maximum amount of R content that is up to  60 to 80% represented a harder behavior as it required a 

load of 100 mN to impose a penetration depth of 9μm whereas a similar value of load was observed for 

greater penetration depths in the range of 13 μm which represents the softer material.  

 

 
 

 
Fig. 11 Load –displacement curves for PET samples of different compositions 
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IV. CONCLUSION 

This research work presented a value-added approach to facilitate recycling of discarded PET bottles by 

transforming them into greater strength, eco-friendly, and economically affordable talc-reinforced 

composite sheets. Compressive strength of the optimized composite sheet was increased and it was 7597 

lb/in2. Composite sheets fabricated from reclaimed material has many advantages that is these are light 

weight, helps to keep the buildings thermally insulated and help noise reduction which proved to be 

favorable for the purpose of insulation in homes and its sustainable for the environment. Results show that 

additive talc provides smoothness and porosity further enhancing the thermal insulation capability of the 

sheets. Nano indentation tests revealed that 20% of substitution of talc and 60 to 80% provides competent 

results and requires a load of 100mN to impose an indent of 9 μm compared to the sheets made up of only 

recycled PET which needs the same 100 mN load to impose indent of 13 μm. Thus these newly developed 

insulating composite sheets are one of the promising cost-effective recycling technologies for reduction of 

enormous amount of PET bottles and a way to cope with environmental threat associated with it. 
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Abstract—Nitinol as a biomaterial has gained significant importance because of its unique properties like superelasticity, 

shape memory effect and biocompatibility. They find extensive applications in cardiovascular devices, medical implants, 

bone fixation plates, staples, and orthodontic wires. The major concern for nitinol usage is their corrosion resistance 

because of large content of Ni i.e. 50 at% which can cause mechanical deterioration of implant and also inflammations 

inside the body. Therefore, present work aimed development of nitinol (50at%Ti-50at%Ni) alloy and its corrosion study 

in simulated body fluid. Optical microscopy and Potentio-dynamic polarization test in furnace cooled and aged form was 

done. It was found that corrosion resistance of aged alloy is higher as compare to furnace cooled sample.    

 
Keywords— Biomaterial, Corrosion resistance, Nitinol, Shape memory effect, Simulated body fluid  

I. INTRODUCTION 

Biomaterials are continuously developed to counter need for the biocompatibility and improved mechanical 

properties. Nitinol, a group of equiatomic, Ni-Ti alloys is largely recognized and accepted for the biomedical 

use[1-4]. Nitinol’s superelasticity, shape memory effect, and wear resistance[5] have made them to be 

widely used as an implant in surgery fields including orthopedics, vascular interventions, orthodontics and 

laparoscopy tools[6].  

Nitinol shows shape memory behavior which is mainly because of crystallography and thermodynamics of 

these SMA’s. They are characterized by two solid phases: martensitic phase (M) and high temperature 

austenitic phase (A)[7].  In particular, the martensite can be present in two forms: First is stress-free 

martensite, which is characterized by the twinned martensite (M), which shows minimum misfit with parent 

phase. Therefore no macroscopic deformation is associated to it. Second configuration is the stress-induced 

martensite, that is characterized by the detwinned single-variant (S) martensite structure, which line up the 

variants along a particular direction, which shows macroscopic deformation. The transformation between 

austenite and the martensite phase is a stress-temperature induced athermal diffusionless thermoelastic 

martensitic transformation (TMT). If material goes to original shape upon heating, it’s called shape memory 

effect while if the stress loading and unloading is responsible for the effect, it is called superelasticity[8-10]. 

NiTi alloy show good mechanical properties to be used as biomaterial but at present, there is still little 

research is done on biocompatibility of Nitinol. Nickel present in Nitinol may dissolve from the material 

because of corrosion and can cause allergic reactions[11]. Therefore, to have information about corrosion 

resistance of these alloys before their use inside the human body is important. Different mechanical and 

thermomechanical treatments were done to improve their properties. In the present work, corrosion 

properties of the Nitinol in the simulated body fluids are studied in the furnace cooled and aged samples.  

II. METHODOLOGY 

Ni50-Ti50 (at%) binary alloy was developed in Mini arc Melter MAM–1 having tungsten electrode for the 

melting of metals. Alloy was homogenized at 1000C in quartz tube for 3 hours and then cooled in the 

furnace. Samples were cut using EDM machine into small samples. Aging treatment was done on the 

samples at 500C for 3 hours in argon atmosphere in tube furnace followed by water quenching. Optical 

microscopy was done to study their microstructure. Gamry Potentiostat was used for electrochemical 

polarization tests. OCP and Tafel plots were taken to understand behavior of alloy in furnace cooled and 

aged form in the SBF. 
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III. RESULTS AND DISCUSSION 

Optical microscopy was done to study microstructure of the sample after grinding and polishing the samples. 

Fig.1 shows microstructures in both furnace cooled and aged form after etching. Fig.1(a) shows 

microstructure of furnace cooled sample showing polycrystalline structure. These grains are of different 

sizes and orientation. Whereas aged sample shows grain coarsening as observed from Fig.1(b) because of 

aging treatment at 500C. 

 

 
 

Fig. 1. Optical Micrograph for Nitinol a) Furnace cooled b) Aged. 

 

Potentiodynamic polarization test was performed to assess corrosion behavior of the sample in the simulated 

body fluid. Tafel extrapolation was done to find corrosion current (Icorr) and corrosion rate. Fig.2 shows the 

curves obtained while values of corrosion rates are given in the table 1. It is seen that furnace cooled sample 

shows higher corrosion rate i.e. 1.201 mpy as compare to aged sample. A small polarizing effect is also seen 

in aged sample which shows an increase in potential value while no change in corrosion current value 

showing that sample attained passivation during reaction for some time. This can be because of the reason 

that furnace cooled sample have more grain boundaries which provide more active sites for corrosion, 

causing more dissolution by corrosion. While in the case of aged sample, it is expected that more stable 

oxide layer after heat treatment is formed and also grain coarsening occurred which decreases the corrosion 

current (Icorr) value while potential (Ecorr) goes to positive side.  

 

 
Fig. 2. Tafel curves of furnace cooled and aged samples. 
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TABLE I: TAFEL RESULTS OF FC AND AGED SAMPLES 

Sr. 

No 
Sample 

a 

(V/decade) 

c 

(V/decade) 

Icorr 

(A) 

Ecorr 

(mV) 

CR (mpy) 

1 Fc 38110 36410-3 2.590 -153 1.201 

2 Aged 16.910-3 22510-3 0.577 
 
177 

 
24510-3 

 

IV. CONCLUSION 

1. Optical microscopy shows that aging treatment results in increase in grain size as compare to furnace 

cooled sample. While Furnace cooled sample show smaller grains of different sizes and orientation. 

2. Corrosion resistance of aged sample is found higher than FC sample in Potentiodynamic 

polarization test. The reason can be coarser grains in aged condition which provides less dissolution 

sites for corrosion as well as it can be due to stable oxide layer after aging heat treatment. 
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agricultural tractors 
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Abstract-Neutral safety switch is installed in agriculture and other purpose agricultural machinery to specify the 

working of neutral gear. Neutral safety switch comprises of acetal cap with crimped copper terminal, plunger, main 

cover body, and spring. However, acetal (POM) is used in production of these caps. Acetal manufactured caps usually 

fractures and cracks due to some unidentified reasons. Some caps may be received in fractured and burnt form. 

However, the market claim ≥ 10% per month which is substantially higher market failure. Therefore, proper material 

is needed to replace acetal material in aforementioned application. This research validates more nylon as material in 

comparison to acetal (POM) using several field tests on cap. Caps were assembled with the switch assembly and tested 

on endurance testing machines. Each cap was subjected to severe heating and cooling cycles and afterwards tested on 

endurance testing machine. Hence, the results depicted that nylon is better material in comparison to acetal.      

Keywords:  Safety switch, Acetal, endurance testing machine, material.  

 

I. Introduction 

Automotive switches play a vital role in making this facility more comfortable and safe. Shifting of 

automotive from purely mechanical to electro-mechanical assemblies has made auto industry more and 

more challenging. However, still problems related to design, processing, materials and process remains 

intact with the components involved in auto-motives. These switches includes door locking, light 

indicator[1-3], mirror indicator, hand brake indicator switch and neutral gear indication switches 

accordingly [4] etc. 

These switches consists of several components made from several materials i.e., metals, plastics and 

ceramics (in rare cases). These components were assembled together in making these switches. 

However, some components or their materials may not perform adequately in harsh or normal 

environmental conditions. Ultimately, due to specific reasons these components can fail. Hence, the 

appropriate material is very crucial in this process.  

In our case the cap of neutral safety switch has been returned in guarantee claim in substantial quantity. 

Therefore, we compared the used material i.e., acetal with nylon. 100 switches were taken and subjected 

to heating and cooling cycles. Heating and cooling cycles were performed at several temperatures. The 

results helped to identify that nylon based caps were better in comparison to acetal.  

II. Methodology 

100 caps were manufactured from acetal and nylon based caps each. Experiments were performed at 

various heating cooling temperatures ranging from 263 - 283, 293, 303, 313, 323, 333, 343, 353K for 1, 

2 and 3 hours for 10, 20 and 30 days. Additionally, switches were exposed to endurance testing machine.  

 

III. Results and Discussions 

 

Results show that percentage of failed caps increased when the temperature gradient between heating 

and cooling cycle enhanced. Initially there were ˂ 1% cracked caps of acetal. However, with increase 

in gradient from 20K to 30, 40, 50, 60, 70 and 80K increased the cracking of cap to 1.8, 2.2, 3.1, 3.6, 

3.8,  4.05 and 4.21 % respectively (heating and cooling cycle for one hour). In contrast, further 

increasing the heating or cooling cycle time to 2 hours has no significant effect on the cracking 

percentage. The cracked percentage remained between 1.2, 1.9, 3.15, 3.5, 3.83, 4.17 and 4.3 % 

respectively. Further increase in heating or cooling cycle for approximately 3 hours subsequently 

caused slight increase in cracked percentage of 1.5, 2.29, 3.35, 4.09, 4.83 and 5.2 % respectively at 

temperature gradients of 20, 30, 40, 50, 60, 70 and 80K.   
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Fig. 1. Cracked caps during heating /cooling cycles at various temperatures for 1 hour and 

continued for 10 days. 

 

 

 

Fig. 2. Cracked caps during heating /cooling cycles at various temperatures for 2 hour and 

continued for 20 days. 
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Fig. 3. Cracked caps during heating /cooling cycles at various temperatures for 3 hour and 

continued for 30 days. 

 

IV. Conclusion 

Increase in temperature gradient in heating and cooling cycles significantly affect the cracking 

percentage of the caps of acetal. However, the effect on nylon caps was much lower in comparison 

to the acetal based caps.  
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Effect of Industrial Wastewater Irrigation on Quality of Local Soil and 

Vegetables in Mingora city swat. 
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Abstract- Industrialization shows an important position in the development of the country. Besides development there 

are other aspects too that industrialization brings with itself. Increases number of industries discharge unwanted 

substances. A large amount of wastewater is discharged without any proper treatment into the environment. Excess 

amount of toxic heavy metals from these industrial processes are added into the soil, ground and source water that are 

consequently used for agricultural irrigation purposes. Discharge of untreated effluents causes severe adverse effect on 

eco system containing humans, plants, and animal as well. The current research work is to study the consequence of 

industrial wastewater used for local agriculture and their impact on quality of soil and vegetable i.e. onion, pumpkin, 

tomato, lady finger and green paper.  Before atomic absorption spectrophotometer wet digestion method was used for 

heavy metals detection. The concentration of heavy metals in wastewater follow the order:  Fe >Cr>Pb> Ni> Co> Mn. 

The investigation further shows that the amount of iron and lead in wastewater has the dominant effects on vegetables 

in Mingora city Swat. Lead has the highest level of accumulation in the soil. Iron and lead have the highest transfer 

factor for pumpkin and lady finger. The study will help the local former to cultivate proper crops in the area where it is 

irrigated through industrial wastewater in Mingora city Swat. It also creates public awareness to select that types of 

vegetable which effect less. This study also provides practically applicable solution to the local industry for the 

treatment of effluents. 

 

Key words: heavy metals, wastewater, soil, vegetable, health risk. 

 

I. INTRODUCTION 

Vegetable contain carbohydrates protein vitamin which are the essential fraction for the growth of human 

health. [1]. To get pure vegetable it requires the area where soil and water are free from unwanted impurities. 

But now a day that type of land and water are difficult to finds. With the development of industries due to 

human needed in all over the world the discharge of wastewater increases and due to scarcity of pure water, 

farmer uses wastewater for agriculture.  

Heavy metals have the specific gravity of five times that of water [2]. The effluent waste from industries 

contain toxic heavy metals which is most serious environmental concern of the present day. The 

accumulated heavy metals in soil create huge health problems. For irrigation, the use of wastewater which 

contains heavy metals for a long time increase the concentration above the allowable range [3, 4]. The 

heavy metal presence in soil play dynamic rule in controlling metal bioavailability to plants [5]. Heavy 

metals present in the wastewater had highest concentration which is used for irrigation. Continuously used 

for irrigation increase its amount in soil [6]. 

Untreated discharging of wastewater from Municipal and industries contain toxic material which creates 

major water pollution. In Pakistan there is no proper water treatment facility available [7, 8]. The 

accessibility of soil metals to plants is a function of soil properties like Ph., organic carbon cat ion exchange 

capacity. The metal concentration decreases when going in depth while higher on the topsoil [9]. Large 

number of  toxic chemical which are identified in water from textile dying in which some cannot be removed 

which represent a worrying environmental problem for the clothing manufacturing [10]. In plants heavy 

metals accumulated which depend upon plants species and efficiency [11]. 

Soil has the capability to absorb toxic chemical but decreases its ability of captivation continuously, but 

after saturation it will occupy by vegetable. As long the use of wastewater makes the metals accumulates in 

the soil and increase its absorption and accumulation in plants. For every type of organism and plants water 

is a main source of life and energy, but people mostly suffer from clean drinking water. Due to shortage of 

clean water high % of all illnesses in developing countries are related to wastewater [12]. Different types of 

diseases and health problems cause by wastewater which contain heavy metals above permissible limit [13].  

Water treatment process involving the calculation of many factors, the treatment of wastewaters to make 

them suitable for irrigation. Several technologies are available with varying degree of success to control 
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water pollution [14]. Chosen quality for irrigation aims, representing an economic benefit in the area where 

low-cost wastewater treatment systems [15, 16, 17]. With rate of fast growth  wastewater which contain 

heavy metal in soil become increasing and create major environmental anxiety  and its direct effect on 

human health [18].The total land irrigated wastewater has been estimated to be about 50 million acres in 

fifty countries, which is about 10% of whole irrigated land (FAO, 2003). The wastewater from textile mill, 

the propagation ratio and evolution were comparatively greater than the control, at small amount but with 

the increase in the effluent concentrations these parameters were decreased. Away from 25% discharge, the 

length of root and shoot decreased. The discharge from textile mills will reduced seed development and 

initial growth of all vegetable’s plants [19, 8]. 

According to An visa, the allowable limits for Cd, Ni, Pb and Cr are 1.0, 5.0, 0.5 and 0.1 mg/kg, separately 

(fresh weight) [20]. Proteins, lipids, and DNA are damage by reactive oxygen which are produced in large 

quantity by oxidation [17]. The problems associated with industrial pollutants, there is need to monitor water 

in which industrial effluents are discharged [21]. Use of industrial effluents for irrigation purposes is a highly 

warranted effectiveness of water pollutants concept [22].The wastewater is rises due to industrialization 

being used for agricultural fields. Vegetable crops cultivated in suburban areas absorb metals from 

contaminated soil due to wastewater irrigation. The metals also   deposit on plant's parts unprotected to the 

polluted air [23]. Contaminated land which grow crops like vegetables, fruits and nuts can collect toxic 

heavy metals [24]. Our Area of interest is Mingora city, KPK, to highlight the harmful effects of heavy 

metals accumulation due to industrial wastewater irrigation. In this research article we will point out the 

amounts of heavy metals present in Industrial wastewater, their adverse effect and apply any one of the 

treatment techniques to remove how much concentration of heavy metals. 

 

      II. MATERIAL AND EXPERIMENTS 

     2.1 Sampling Area 

      2.1.1 Mingora 

Mingora is the capital city of district Swat. It is located at an altitude of 984 m. The average annual 

temperature in Mingora is 19.3 ̊C. November is the driest while August has the highest precipitation month 

with rain of 22 and 134 mm. Chitral districts is bounded by North, Kohistan and Shangla districts in the 

East, Buner district and Malakand protected area in the South.  Both upper and lower Dir districts in west. 

While Indus disconnects it from Hazara in the east. The district is enclosed by the sky-high mountains [22]. 

 

Fig 1:Diferent location and sampling point in Mingora city. 

Different sites of Mingora city Location of Mingora city swat [22]. sample  collection point
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Fig 2: Site map of the samples where it was taken. 

 

The box in above sketch of Swat Mingora represent the area from which samples has been taken. 

  1.Fizagat.                     4. Saidu sharif. 

  2. Mingora City.            5. Shahab Nagar. 

  3.Rahim abad.               6. Kokarai. 

   The above mention area there are different types such as plastic, paper, chemicals, petroleum, rubber, 

pharma, cosmetics, textiles, steel, and other industries are working. 
 

2.1.2 Research Location 

The drain water irrigation area in Mingora around where most of the industrial wastewater are run-offs and 

the water use for agriculture purpose. The farming occupation in the area consist of lady finger, tomato, 

onion cucumber, pumpkin, radish, and turnip. These wastewaters are used for many years, due scarcity of 

pure water. 

 2.2 Samples collection 

 Different samples were collected from area where different industrial effluent were drain .These industries 

discharge huge amount of wastewater in which soil and vegetables are directly affected. 

 2.2.1 Water samples 

Wastewater samples from different area were collected from different places (sites) at Mingora city. The 

samples were put in a small   clean bottle which were washed by distilled water and these were sealed and 

labellate. These sample were transported to chemistry lab to ready for Atomic absorption spectrophotometer 

(AAS). 
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2.2.2 Vegetable samples 

The samples of vegetables (ladyfinger, tomato, pumpkin, and onion) were composed from cultivated fields 

in the study area in the month of October November, where it is irrigated by industrial wastewater. The 

samples were taken in a small clean bottle and these were sealed and labeled. Sample of vegetables were 

also collected from control agricultural field. These sample were transported to chemistry lab for preparation 

and analysis. 

2.2.3 Soil samples 

   Different Soil samples were taken from farming field present in the study area. The samples were kept in 

new plastic bottles and brought to the chemistry lab for analyses. Samples of different area from top and 

depth was taken and collected. 

2.3. Chemical Reagents 

 Distilled water was use throughout in the lab work. Analytical grade chemicals were used. HCL HNO3 and   

perchloric acid were reagent of analysis. These reagents were used for preparation of water, soil, and 

vegetable samples. 

  2.4.1 Water samples Preparation 

  Water sample up to 50ml was collected in washed and cleaned beaker. Concentrated nitric acid of 10ml 

was added to water sample beaker and heated it up till the total solution remains 40 ml. after cooling using 

Whatman NO.42 filter paper was used . After filtration 10 ml of distilled water was added to dilute the 

filtrate. In this way all the samples were prepared.  

2.4.2 Vegetable samples preparation 

  Each sample of vegetable was scrubbed with distilled water to remove dirt and unwanted particles. With 

the help of knife, the washed sample was then cut to separate the roots, stems and leaves. After cleaning, 

each sample was dried in air and then put in oven at 80 °C for 24 Hrs. followed by heating at 100 °C in 

electric oven. Vegetables samples were then converted into a powder form (80 mesh) using a commercial 

mixer (TSK- WestPoint, France) and kept in plastic bags for acid digestion.  

 

2.4.3 Soil samples preparation 

   Soil samples from different areas were taken. Wet sample were dried in the oven until it become   dry. 

Aqua regia of HNO3 and HCL of (1:3) were prepared in the round bottom flask. Two grams of each sample 

was taken, and 10 ml prepared sample were put into the soil and gently shaken. Then the sample was heated 

through oven at temperature of 90 deg °C for 20 to 25 mins. After cooling  it was  filtered through Whatman 

42 filter paper. 20 ml of distilled water was added after filtration. Thus, all samples of soil were prepared. 

After preparation further investigation of heavy metals concentration.  

 

2.5 Risk assessment 

Khan et al using equations to calculate Health risk assessments (HRAs) for heavy metals through the 

ingesting of contaminated food crops.  

  HRA =   DIM / Rf D 

 HRA is the human risk assessments through the ingesting of vegetables, the daily intake of metal (DIM) 

(mg metal/kg body weight/day) and Rf D is the reference dose. The reference dose values for Zn, Pb, Ni, 

Cr and Mn were 0.30, 0.004, 0.02,1.5 and 0.033 mg/kg bw/day, respectively [25, 26, 27]. 
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III: RESULTS AND DISCUSSION 

 

Table 1: Concentration of Heavy Metals in Industrial Wastewater and Tube Well Water. 

Heavy Metals (mg/L)  Fe Pb Cr Ni Mn   Co 

Industrial Wastewater  6.72 0.395 0.539 0.122 0.128 0.203 

S. Deviation 0.0255 0.129 0.013 0.0131 0.0207 0.026 

Tube well-Water. 1.17 0.043 0.416 0.096 0.033 0.116 

 S. Deviation 0.0787 0.235 0.0536 0.017 0.0106 0.0275 

 

   

3.1 wastewater of Industries and tube well water 

 

 The order of heavy metals concentration in Industrial Wastewater follows as Fe>Cr>Pb> Co>Mn. >Ni. 

The heavy metals concentration is high in effluents from industries as compared to Tube well water. The 

wastewater is directly use for irrigation purposes. The concentration of heavy metals is higher than 

permissible limit. People use wastewater for vegetables growing from long time. 

 The Congregation of Heavy metals in Industrial effluents and Tube Well water (controlled samples) were 

compared. All the heavy metals in tested wastewater in selected area of Mingora, where it is used for 

vegetable irrigation were higher than permissible limit. Iron and chromium show highest result compare 

to other heavy metals. The value of iron is (6.72 mg/l) which is greater than tube well water of (1.17 mg/l) 

and cross the allowable limit of (5 mg/l) by WHO. Different area where samples were collected are higher 

than control water. Lead concentration is (0.393 mg/l) which is above the permissible limit of (0.01mg/l) 

by WHO. Cobalt also cross, the acceptable limit of (0.025 mg/l). 

   

Table 2: Heavy metal concentrations (mg/L) Comparison of different area studies [28]. 

S. No  Fe   Pb   Ni   Cr  References  

Charsadda 0.01 0.075  0.002 0.007 Khan et al. 2013a 

Kohistan -- 0.009  0.004 0.007 Muhammad et al. 2011 

Quetta  0.64 0.07  0.09 0.04 Khanoranga and Khalid 2019 

Southwest, Nigeria 0.20 - ND 0.19 Titilawo et al. 2018 

Khorramabad, Iran - 0.001 - 0.05 Ghaderpoori et al. 2018 

 

 

Khan et al. 2013a study in District Charsadda and they found Iron concentration of 0.01mg/L, Pb 

0.0075mg/L, Ni of 0.002mg/L and Cr 0.005 mg/L. Similarly, Muhammad et al. 2011 reported the heavy 

metals concentration as Pb 0.009, Ni 0.004 and Cr 0.007 mg/L in district Kohistan wastewater. 

Khanoranga and Khalid 2019 reported concentration of heavy metals as Iron 0.064 mg/L, Lead 0.07mg/L, 
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Nickle 0.04 mg/L and Chromium 0.09 mg/L. Titilawo et al. 2018 reported concentration of heavy metals 

as Iron 0.2 and Chromium 0.19 mg/L. Ghaderpoori et al. 2018 also analyzed the wastewater of 

Khorramabad, Iran for heavy metals concentration and they found Pb concentration of 0.001mg/L (which 

was too low compared to other studies), and Chromium concentration of 0.05 mg/L.   

 

Table 3: Soil Contains heavy metals irrigated with industrial effluents and Tube Well water. 

Heavy Metals 

(mg/L) 

  Fe    Pb   Cr    Ni Mn Co 

 Soil (IWW)  47.27 

±0.109 

2.92 

±0.092 

2.90 

±0.038 

1.013 

±0.02 

0.901 

0.014± 

0.679 

±0.053 

Soil (TWW) 17.12 

±0.27 

2.12 

±0.21 

2.03 

±0.03 

0.76 

±0.04 

0.23 

±0.012 

0.49 

±0.01 

 

Continuous use of wastewater lead to enrichment of heavy metals in soil. The high amount, of Heavy metals 

strongly affects their availability to soil. In case of soil samples, metal bio available section was higher in 

wastewater wetted soil as compared to pure water saturated. Fe Concentration was the highest for industrial 

wastewater followed by Pb>Cr>Ni>Mn>Co. All the values from results are above the allowable limit. The 

increase in amount, of Heavy metals in soil is mainly due to soil irrigation with untreated industrial effluents 

from different industries of the Industrial area Mingora city.  

 

Table 4: Concentration of heavy metals in wastewater irrigated vegetables. 

Heavy 

Metals(mg/L) 

Fe Pb   Cr   Ni  Mn  Co 

Lady Finger 

Mean+ S.d  

8.09 

±0.056 

3.51 

±0.27 

0.43 

±0.04 

0.17 

±0.05 

0.21 

±0.004 

0.086 

±0.046 

Pumpkin 

Mean+ S.d 

24.9 

±0.18 

1.61 

±0.21 

0.51 

±0.032 

0.39 

±0.04 

0.973 

±0.01 

0.072 

±0.01 

Onion 

Mean+ S.d 

3.6 

±0.04 

0.67 

±0.025 

0.44 

±0.06 

0.25 

±0.04 

0.155 

±0.02 

0.138 

±0.006 
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v 

Fig 3: Comparative plot of heavy metals concentration (mean) in vegetable irrigated through    

 Industrial wastewater. 

 

  From the above table it concluded that industrial wastewater not only affect the soil   quality but also the 

vegetables irrigated through it. To compare these results with vegetables irrigated with tube well water 

(as a control samples), we performed the analysis. For pumpkin iron (Fe) has the highest value compare 

to other vegetables. For pumpkin Ni, Mn show high concentrations compared to other vegetable. For 

onion cobalt value is the greater than other. Onion is more resistive to lead. Lady finger resistive to Nickel. 

 

  IV.TREATMENT PROCESS 

    4.1 Nanofiltration 

 There are many wastewater purification techniques which are using in many parts of the world. such as 

activated sludge, adsorption, advanced oxidation process, reverse osmosis, and nanofiltration. However, it 

removes insecticides, biological matter, salt removing of sea water, oil process heavy metals ions and 

pollutants from industrial wastewater.  

 

4.2 Process description  

Membranes have pore sizes from 1-10 nanometer, created from polymer thin film. Feed passes through 

pump to semi-permeable membrane. The stream is separated into two portions permeate and retentate. The 

former is filter portion while later is the rejected non-filtered portion. In concern research nanofiltration was 

applied for the removal of wastewater effluent from industries. The pure water flux (J, L·m-2·h-1) and 

permeability (L·m-2·h-1·bar-1) were obtained from the following equations: 

                                                                        J=(∆V)/(A∙∆t) 
                                                  

  Permeability=J/(∆P)                                          
Where ∆V is the volume (L) of the permeate; A is the effective membrane filtration area (m2), and ∆t is the 

experimental time (h). ∆P is the transmembrane pressure applied by diaphragm pumps (bar).  The salt 

rejection was obtained by using the following equation. 

R (%) =(Cf-CP)/Cf×100%                                
Where Cf and Cp, determined by the solution conductivity monitor (FE 38-Standard/Conductometer, Mettler, 

Switzerland), are the solute concentrations of the feed and permeate, respectively. Each experiment was 

carried out at least three times, and a mean value was taken. 

The recovery of feed sample was determined by the following equation. 

𝑅% = (𝑄p/𝑄f) ∗ 100 

Where, Qp and Qf is the volumetric flow rate of permeate and feed (L). Some results of nanofiltration is 

given as. 
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Table 5:  Rejection of heavy metals from wastewater using nanofiltration of different pressure at 

Heavy metals(mg/L) Fe Pb Cr Ni Mn Co 

   Ind wastewater 6.70 0.292 0.515 0.107 0.123 0.181 

Tube-Well-Water 1.17 0.043 0.416 0.091 0.033 0.116 

   Results of   NF Fe Pb Cr Ni Mn Co 

Pressure (2 bar) 0.393 0.290 0.013 0.102 0.019 0.157 

Pressure (3 bar) 0.373 0.274 0.015 0.096 0.017 0.146 

Pressure (4 bar) 0.354 0.228 0.021 0.090 0.016 0.142 

 

 

Fig:4 Removal of heavy metals through Nanofiltration process. 

By applying one of the treatments such as nanofiltration are effective in removing mostly heavy metals from 

wastewater. Others treatment equipment may also be used. The result shown by nanofiltration can show that 

heavy metals can be removed. 

 

V. Conclusions 

Industrial wastewater concentration to tube well water is high and cross the allowable limit by WHO. The 

iron value is 6.72(mg/L) which is too high to 0.3(mg/L) assign by WHO. The value of lead is 0.393(mg/L) 

greater to 0.01(mg/L) by WHO. Chromium concentration is 0.537(mg/L) greater than 0.05(mg/L). The 

nickel is 0.121(mg/L) greater than 0.02(mg/L). manganese value is 0.125(mg/L) less than 0.5(mg/L) by 

WHO but greater than 0.05(mg/L) kept by USEPA. Results showed that Industrial wastewater irrigation 

changes soil quality, increase in heavy metals concentration in vegetables (Fe, Ni, Mn, Pb, Co and Cr). 

Industrial effluent which has highest concentration of heavy metals is unfit for vegetable growing. 

Uninterrupted uses of wastewater results to the enhancement of heavy metals in soil. The concentration of 

heavy metals in soil and vegetables cross the allowable limit. The use of any type of filtration outside each 

industry can removes it successfully so govt if apply strict rules for industries then it will reduce the hazards 

of wastewater. 
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Abstract- In recent years, the design and development of packaging electronic devices have encountered a growing 

challenge as the power levels and the performance of the devices increases. As the size of such devices decrease, ensuring 

reliability in the operation of the devices is becoming a challenge. Thermal interface material offers significantly less 

thermal resistance and therefore avoids excessive heating of the interfaces. In this research, thermal interface materials 

were prepared by mixing polydimethylsiloxane (PDMS) with copper (Cu) and graphite (Gr) powder. Various samples 

including pure PDMS, PDMS-Cu, PDMS-Gr, and PDMS-Cu-Gr were prepared. The thermal conductivity, thermal 

diffusivity, volumetric heat capacity, and thermal effusivity were measured. The results showed that pure PDMS exhibited 

the lowest thermal conductivity of 0.20 wm-1k-1, while PDMS-Cu-Gr exhibited the highest thermal conductivity of 2.711 

wm-1k-1. Similarly, PDMS-Cu-Gr and PDMS exhibited a thermal diffusivity of 1.43 mm2/s and 0.26 mm2/s respectively. 

The thermogravimetric analysis (TGA) showed that the PDMS-Cu-Gr composite can withstand a maximum operating 

temperature of about 280oC. The results suggest that PDMS-Cu-Gr composite has good potential of being used as thermal 

interface material. 
 
Keywords—Heat Transfer, Electronic Cooling, Thermal Interfaces, Thermal Conductivity, Thermal Resistance  

I. INTRODUCTION 

Thermal interface material (TIM) refers to a class of material that is often utilized at the interface of two or 

more components to improve the thermal coupling of electronic devices. A TIM is considered highly 

efficient especially in devices that dissipate heat such as heat sinks whose key role is to remove heat from 

electronic devices. For heat to be removed efficiently from electronic devices, the design of a TIM must 

ensure that the material used provides a better life cycle with enhanced reliability [1]. The non-planarity and 

surface roughness at the microscopic level of the surfaces of the heat-dissipating devices and the heat 

spreader is often associated with asperities occurring between the interfaces of the mating components. 

These astringencies act as inhibitors to the two joining surfaces thereby preventing them from providing 

good thermal contact owing to the ineffective thermal conductivity resulting from the air gaps between the 

mating pair of components [2].  

Owing to the surface irregularities, the performance of electronic devices is limited. This is where the 

thermal interface materials come into play by providing an effective conductive path between the two mating 

components. As such, the TIMs provide an excellent material confirmation by eliminating the surface 

irregularities between the joining surfaces of the material through the action of high pressure imposed 

between the mating material surfaces thus yielding high thermal conductivity [3]. 

The thermal resistance of TIMs is also a major consideration. The effective thermal resistance is closely 

associated with the total resistance between the mating surfaces and the TIM as well as the thermal 

conductivity of the same. Equation 1 is employed in determining the effective thermal resistance [1]. 

 

𝑅𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 =
𝐵𝐿𝑇

𝐾𝑇𝐼𝑀.𝐴
+  𝑅𝐶1

+ 𝑅𝐶2
                                           (1) 

 

Where R effective is the effective thermal resistance,  

BLT represents the bold line thickness 

KTIM designates the interface thermal conductivity 

A represents the Area 

Rc1 and Rc2 denote the contact resistance between the mating surfaces and the TIM. 

Analysis of Thermally Conductive Polymer Metal Composite 

Material 
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Studies have determined that the effective thermal resistance shown to be minimized to limit the rate of heat 

dissipation when the device is in operation. This is done by reducing the value of BLT by employing a 

material with relatively high thermal conductivity. More also, by reduction of surface irregularities through 

the application of high pressure between the TIM and the mating materials can significantly reduce the 

surface resistance [2]. 

The main challenges in the development of thermal interface materials are related to the thermal 

management of electronic systems as reported in various studies [2, 4] For instance, the work of Kafil [5] 

identified that the degree of interconnectivity between the mating surfaces in electronic systems influences 

the performance of these devices, and with the recent growth in the production of electronic devices for 

industrial and domestic applications, thermal management is very essential. The authors reported that using 

TIMs energy consumption by electronic devices can be enhanced.  

Auciello and Sumant [6] carried out a comprehensive study on the application of ultra-nanocrystalline 

diamond films in multifunctional devices. The authors reported that if the heat transfer through radiation 

between the mating surfaces is neglected, the heat flux at the interface often takes place in two different 

conduction paths. The conduction paths involve solid-solid at the contact points and solid-air conduction 

within the non-contacting points. In the later conducting path, the air is a poor conductor of heat reduced 

the efficiency of heat transfer. The decrease in heat transfer is attributed to the contact resistance. To 

overcome temperature build-up at the junction, contact thermal resistance should be reduced by replacing 

the air gap using a material with higher thermal conductivity such as TIMs. The study concluded that the 

use of thermal interface materials enhances the conductivity and effective heat transfer. 

The work of Hopkins [7] investigated the thermal transport across solid interfaces with nanoscale 

imperfections such as surface roughness, dislocations, and their effects on thermal boundary conductivity. 

The researcher employed the concept of time-domain thermal reflectance to investigate the factors that 

influence the junction’s thermal resistance. The study reported that conductance is affected by surface 

roughness, disorder, joining process as well as dislocations. As such, the existence of surface irregularities 

such as roughness limits the performance of the thermal junction of the two joining components in electronic 

components. 

Thermal interface material addresses the challenges associated with the contact area between the mating 

surfaces. As such, they often replace the air voids induced by surface roughness. In this sense, TIMs often 

deform under assembling pressure to fill up the voids thereby improving the conductivity between the 

mating material components. Their ability to deform under pressure provides an engineering trade-off. This 

desirable characteristic of TIMs is attributed to their low shear stress which allows them to easily change 

shape to conform to the shape of the contacting surfaces [8]. 

Recent improvements on the TIMs include the development of deformable TIMs through the reduction of 

the thickness of the bond line. This reduction is associated with increased thermal conductivity and 

deformability of TIMs. Several authors have suggested that the largest percentage of the research done aims 

at improving the thermal conductivity of thermal interface materials by using more advanced filler material 

to the existing matrix which is polymer-based [1] The work of Hamasaiid et al [9] investigated the effects 

of surface roughness on the thermal interface made of aluminum blocks bonded with silicon oil and grease 

using a model based on the common flux tube. The study reported that the contact thermal resistance is 

affected by the surface roughness, applied pressure capillary pressure, and air backpressure. From their 

comprehensive mechanical investigation, the researchers pointed out that the liquid surface energy, contact 

surface angle, and the behavior of trapped gas are highly dependent on the wetting, applied pressure, surface 

topology, temperature, and the thermal conductivity of the material. From the results, the study concluded 

that the heat transfer from the flux tube to the heat sink was lower for TIMs. 

Notably, the material properties are essential when selecting a thermal interface material. Thermal 

conductivity comes out as one of the most important considerations, but it does not show the actual 

performance of the material to transfer heat energy in real applications [10]. Therefore, conditions should 

be considered when selecting a thermal interface material. A thin bond line of thickness is desired to attain 

very low thermal impedance [11]. 

In commercial applications, the characterization of thermal interface material is done as per ASTM D5470 
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[12]. This is a standard method that dictates the apparatus used to determine the BLT and thermal impedance 

of TIMs in a regulated pressure condition. Further, the work of Lee [13] depicted that adhesive strength of 

thermal interface material influences vibrations and rework ability hence it should be considered over the 

whole range of temperature in thermal interface material selection. A TIM with high adhesive strength has 

been shown to induce difficulties not only in reworking but also it makes it hard to cut through a TIM with 

small bold line thickness [14]. 

This work focuses on the development and fabrication of a polymer-based TIM using Poly dimethyl siloxane 

(PDMS) polymer, copper (Cu), and graphite (Gr) fillers. The study aims to achieve a thermal interface 

material with increased thermal conductivity and reduced thermal contact resistance. 

II. METHODOLOGY 

Four samples were prepared comprising PDMS, PDMS-Cu, PDMS-Gr, and PDMS-Cu-Gr. PDMS was first 

mixed with curing agent and mixed for 10 minutes at a magnetic stirrer at 330rpm. The resulting solution 

was cured for 24hours. Similarly, PDMS-Cu, PDMS-Gr, and PDMS-Cu-Gr were mixed in ratios 1:4, 1:1, 

and 3:4:3 respectively with 1g of curing agent in each. The samples were then poured into 4×3 mm 

rectangular molds with uniform thickness and allowed to cure for 24hours at room temperature after which 

they were then cured at 105 oC in a hot plate for 2 hours and allowed to cool for the next 24hours at room 

temperature. Finally, the cured samples were then extracted from the mold. Figure 1 illustrates the process 

flow diagram of the sample preparation. 

 

 
 

Figure 1: The process flow diagram of the sample preparation. 

 

 

III. CHARACTERIZATION 

A. HOT DISK TPS 2500 S APPROACH 

This project employed Hot Disk TPS 2500S for transient measurements of thermal conductivity of the 

sample composites prepared. Kapton sensors was clamped between an insulator and the samples. The 

thermal-physical properties constituting the heating power and time were measured and recorded as 

illustrated in table 1. 
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Table 1: The thermal-physical properties constituting the heating power and time 

 

Parameters PDMS PDMS-Cu PDMS-Gr PDMS-Cu-Gr 

Heating Power 

(mW) 

3 mW 2.5 mW 3 mW 15 mW 

Time (sec) 5 sec 5 sec 2 sec 3 sec 

 

B. THERMOGRAVIMETRIC ANALYSIS (TGA) APPROACH 

This technique was used to analyze the material changes in weight with time and specified temperature to 

give a clear idea of the thermal stability of the developed TIM composites. This test was performed in the 

material characterization laboratory USPAC-E UET Peshawar. During the analysis, 6mg of each sample 

was heated at a constant rate of 20 0C/min to a maximum temperature of 600 oC. 

IV. RESULTS AND DISCUSSION 

A. Thermal Analysis 

From the Hot disk TPS 2500 S results, the thermal conductivity of the samples was determined. To start 

with, the PDMS sample exhibited a thermal conductivity of 0.20 wm-1k-1. The PDMS-Cu recorded a thermal 

conductivity of 0.62 wm-1k-1. While PDMS-Gr and PDMS-Cu-Gr exhibited a thermal conductivity of 2.41 

wm-1k-1 and 2.71 wm-1k-1 respectively. It was determined that copper and graphite filler improved the 

thermal conductivity of PDMS. As such, it was shown that the thermal conductivity of PDMS increased 

from 0.20 wm-1k-1 to 2.71 wm-1k-1 which was about 13.12 times the initial thermal conductivity. Figure 2 

illustrates the thermal conductivity of the various samples. 

 

 
 

Figure 2: Thermal conductivity of the samples 

 

The thermal diffusivity of the samples was also obtained from the Disk TPS 2500 S. Pure PDMS exhibited 

a thermal diffusivity of 0.26 mm2/s while PDMS-Cu, PDMS-Gr, and PDMS-Cu-Gr recorded thermal 

diffusivity of  0.13, 1.02, and 1.43 mm2/s respectively. Despite PDMS-Cu recording high thermal diffusivity 

as compared to PDMS, the thermal diffusively of PDMS is higher than that of PDMS-Cu. The  

controversial results were attributed to the fact that PSMS-Cu has high volumetric heat capacity. Figure 3 

illustrates the thermal diffusivity of the four samples. 
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Figure 3: The thermal diffusivity of the samples 

 

 

The thermal effusivity of the samples was obtained from the Hot Disk TPS 2500 S analysis. PDMS recorded 

a thermal effusivity of 398.8 ws1/2/m2k while PDMS-Cu, PDMS-Gr, and PDMS-Cu-Gr exhibited a thermal 

effusivity of 1670, 2382, 2263 ws1/2/m2k respectively. It was observed that despite the PDMS-Cu-Gr having 

high thermal conductivity, the thermal effusivity is lower. This owes to the fact that thermal effusivity is 

dependent on the volumetric heat capacity. Figure 4 illustrates the thermal effusivity of the four samples. 

 

 
Figure 4: The thermal effusivity of the samples 

 

The volumetric heat capacity for pure PDMS was determined as 0.77 MJ/m3k while PDMS-Cu, PDMS-Gr, 

and PDMS-Cu-Gr exhibited a volumetric heat capacity of 4.49, 2.35, and 1.89 MJ/m3k respectively. It was 

identified that PDMS-Cu showed the highest volumetric heat capacity as compared to the other samples. It 

was deduced that the high volumetric heat capacity of PDMS-Cu could be attributed to the high density of 

the copper filler particles. Figure 6 illustrates the volumetric heat capacity of the four samples. 
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Figure 5: The volumetric heat capacity of the samples. 

 

B. Thermogravimetric analysis  

To test for the thermal stability of the fabricated PDMS samples, The TGA analysis showed that PDMS-

Cu-Gr exhibited high thermal stability for up to 280 oC which was identified as the maximum operational 

temperature beyond which the sample would undergo degradation. It was observed that the mean weight 

loss occurred at the initial stages of the test owing to the evaporation of the moisture content of the PDMS-

Cu-Gr sample. Figure 6 illustrates the TGA results of the PDMS-Cu-Gr sample. 

 

 
Figure 6: The TGA results for the PDMS-Cu-Gr sample. 

V. CONCLUSIONS 

To sum up, this research reports the analysis of four polymer-based composites including PDMS, PDMS-

Cu, PDMS-Gr, and PDMS-Cu-Gr. The Hot Disk TPS 2500 S technique was utilized to evaluate the thermal 

conductivity, thermal diffusivity, thermal effusivity, and volumetric heat capacity. From this analysis, it was 

determined that Pure PDMS exhibited the lowest thermal conductivity of 0.20 wm-1k-1, while PDMS-Cu-

Gr exhibited the highest thermal conductivity of 2.711 wm-1k-1. A similar trend was observed from the 

thermal diffusivity results whereby Pure PDMS recorded the lowest value of 0.26 mm2/s while PDMS-Cu-

Gr had the highest thermal diffusivity of 1.43 mm2/s. However, the thermal effusivity results showed low 

values for PDMS recording 398.8 ws1/2/m2k while the PDMS-Gr exhibited the highest value of 2382 

ws1/2/m2k. This was attributed to its low volumetric heat capacity since the thermal diffusivity is a ratio of 

thermal conductivity and volumetric heat capacity. From the volumetric heat capacity results, PDMS-Cu 
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exhibited the highest value of 4.48 MJ/m3k while pure PDMS recorded the lowest value of 0.77 MJ/m3k. 

The high volumetric heat capacity of PDMS-Cu was determined to be a result of the high density of copper. 

The study concluded that the thermal conductivity of the fabricated polymer-based TIM was improved from 

0.20 wm-1k-1 to 2.711 wm-1k-1 with a 92% increment. The TGA results showed that PDMS-Cu-Gr exhibited 

excellent thermal stability with a maximum service temperature of 280 oC. Based on various analyses 

performed in this research it was concluded that polydimethylsiloxane and the hybrid filler (Cu-Gr) 

composite is the best option for thermal management as a thermal interface material. 
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Abstract- The main purpose of this research is to investigate the possibility of replacing white limestone with waste marble 

powder for the production of white cement. Waste marble powder contains up to 95% of CaCO3 and white color of waste, 

produced around Peshawar area, generates a positive approach for its application in white cement production. For this 

purpose, experiments carried out by replacing 25%, 50%, 75% and 100% of white limestone with waste marble powder. 

Initial results shows that white limestone can be completely replaced with waste marble power with significant reduction 

in the power consumption per ton of cement produced without compromising the quality of final product. The possibility 

of utilizing waste marble powder will sustain the extraction of white limestone. 

 
Keywords— Waste marble powder, white cement, sustainable production, energy effectiveness. 

 

I. INTRODUCTION 

God has gifted Pakistan with large reserves of Marble and Granite. It is estimated to have about 300 

billion tons of Marble and granite reserves in Pakistan of which about two third are located in KPK 

province. [1] Apart from the huge reserves, just the KP province has about 30 different types of marble 

and granite which has made it an attractive sector not just for the local businessman but the foreigners 

also shown keen interest in the industry. [2] 

Pakistan has access to high quality marble reserves in KPK, FATA and Baluchistan but lacking the 

technology for its effective extraction, the law and order situation, and the energy crises in last few years 

resists the Marble industry from its growth. The development of Pakistan Stone and Development 

Corporation (PASDEC) has given strength to the marble industry in Pakistan especially the availability 

of mining machinery because it didn’t have just reduced the extraction duration but reduced the marble 

waste generated by the traditional mining techniques. According to Alyamac, 30% of the total marble 

extracted is wasted during the quarrying by traditional means. [3] 

The increased marble demand has created opportunity for the investors and skilled workers and over 2,000 

marble processing units are just in operational in Peshawar district of KPK province. But on the other 

hand the handling of the waste generated during the processing of marble is problematic. The waste so 

generated is simply dumped by the processing units or disposed of in water streams which is polluting the 

environment in different ways. 

On the other hand, the fast growing construction industry has increased the demand of cement and other 

construction material. Similarly, the demand of white cement has also increased but we have unfortunately 

just 2 white cement production units in Pakistan which is just because of the unavailability of high purity 

white limestone and we used to import white cement specially to cover up the need in the south of country. 

The marble processing waste is shown to be utilized by different studies including the utilization in the 

production of concrete, in the brick making industry, in the detergent industry and in the cement industry. 

Manpreet and his team has studied the partial replacement of cement with marble waste slurry in the 

concrete and concluded that the mechanical properties of the concrete has enhanced upto 15% 

replacement of the cement with waste marble slurry. [4] 

On the other hand some Egyptians have studied the addition of waste marble powder in cement production 

during the finish grinding of clinker with gypsum. They concluded that marble waste powder can be added 

upto 15% without affecting the properties of cement although this ratio is quite questionable because the 

addition of marble dust can enhance the strength of concrete because of the its filler effect i.e. the fine 

particles of marble powder filled the pores of concrete and provides additional strength to the concrete but 

the addition of up to 15% marble powder may increase the LOI of cement and increases the expansion of 
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the cement and concrete as well. [5] 

The purpose of this study is to investigate the possibility of replacing white limestone with waste marble 

powder generating during the processing of marble i.e. cutting and polishing in the marble processing unit 

for the production of white cement. Physical and chemical properties of the white cement produced by 

varying the percentage of white limestone with waste marble powder. Specimen were produced by 

replacing white limestone partially and completely with waste marble powder and result compared with 

the required standards and with the sample produced by pure white limestone in order to judge the 

difference due to the experimental process. 
 

II. METHODOLOGY 

For the experimental program, initially the samples were collected as per the availability from different 

locations of the province. The waste marble powder has taken from 3 different processing sites in 

Peshawar (Located at Warsak Road in Peshawar) The marble samples are first prepared and analyzed in 

order to check the acceptability of this waste for white cement and it has been observed that the waste 

marble powder has high percentage of CaCO3 upto 97%. The particle size analysis of the waste marble 

powder conducted and the results were satisfactory. White limestone was taken from Kohat Cement 

quarry, Silica sand, flint clay and white gypsum are taken from stocks of Kohat cement and analyzed each 

for samples preparation as per required composition for final calcination and clinker production. 

Samples taken are more than 50 mm in size. Samples are then crushed and grinded in size reduction units 

i.e. roller crusher and rod mill in mining department at University of Engineering and Technology, 

Peshawar. Limestone or marble powder, Silica sand and flint clay are than mixed in rod mill in specified 

concentration so as to achieve proper mixing and fine grinding to prepare the meal for the burning stage. 
 

Figure 1 Double roller crusher for sample crushing at Department of Mining engineering 
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Figure 2 Rod mill for sample preparation and finish grinding at Department of Mining Engineering, 

UET Peshawar 

 
 

 The sample prepared by mixing and grinding in the rod mill is then processed in lab scale rotary 

kiln at temperature of about 1600 0C for about an hour. The clinker so produced is then water sprayed 

the moment it dumbed from the rotary kiln in order to quench the clinker else the exposure to air 

promotes greenish color. Clinker is then grinded with 5% gypsum and 10% marble powder as a 

PI in rod mill. 
 

Figure 3 Lab scale rotary kiln utilized for the production of cement clinker. 
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III. RESULTS AND DISCUSSION 

The product samples are then analyzed to compare the physical and chemical properties of the cement. 

Samples are first analyzed for their chemical composition using XRF, available in Kohat Cement 

Company Limited. The chemical analysis of the samples are given below and it is found that there is 

slight variation in the results which is actually because of the slight variation in the raw material samples 

prepared for processing. The analysis however shows that there is no such difference in the results which 

gives an opportunity for the waste marble powder to be used completely as a replacement of white 

limestone however the physical properties including the strength could be decisive factor. 

 

Table 1 Chemical Properties of the cement produced by varying ratio of limestone by waste marble 

powder 

Component 100% LS 25% WMP 50% WMP 75% WMP 100% WMP 

Si2O 22.26 21.97 21.48 21.28 21.08 

Al2O3 4.44 4.46 4.43 4.54 4.40 

Fe2O3 0.25 0.28 0.31 0.32 0.35 

CaO 62.38 62.96 63.32 63.63 63.81 

MgO 1.04 1.09 1.10 1.12 1.16 

SO3 2.60 2.55 2.51 2.54 2.41 

K2O 0.50 0.55 0.54 0.57 0.54 

Na2O 0.12 0.12 0.11 0.11 0.11 

 

After the successful chemical analysis of the cement samples produced by different compositions of the 

raw materials, the cement pastes are then analyzed in the physical laboratory of the Kohat Cement 

Company Limited. The samples are analyzed as per ASTM standards. The compressive strengths of the 

pastes are found satisfactory. The setting times of cement pastes measured by Vicat process is however 

found less although it is in the range of standards but could be adjusted by adjusting the ratio of gypsum 

during grinding. Soundness of cement pastes (Le-Chatlier) found little higher, the reason of higher 

soundness is possibly the processing mechanism of the experiment by lab scale rotary kiln which could be 

improved in further study
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. 

Table 2 Physical Properties of cement produced by varying ratio of limestone by waste marble powder. 

 

 100% LS 25% WMP 50% WMP 75% WMP 100% WMP 

Compressive 

strength, 3 

day 

17 18 18 18 19 

Compressive 

strength, 7 

day 

23 24 24 26 27 

Initial 

setting time, 

mins 

100 110 115 120 118 

Final setting 

time, mins 

190 185 183 185 180 

Soundness, 

mm 

4.0 5.2 5.1 5.7 6.7 

 

 

IV. CONCLUSION 

In this research, the replacement of white limestone with waste marble powder for the production of white 

cement was studied and followings are the conclusions made from the study. 

1. Waste marble powder from marble processing sites could be used for the production of white 
cement clinker or even gray cement clinker as per standards of ASTM. 

2. Replacement of waste marble powder up to 100% in the feed results in no reduction of the 
cement strength and degree of whiteness. 

3. The fineness of waste marble powder favors the reduction of 5% energy requirement per ton 
of cement for 100% replacement of waste marble powder. 

4. Replacement of 100% waste marble powder eliminates the mining cost as compare to white 
limestone. 

5. Waste marble powder can be use as additive in grinding with clinker and gypsum. 
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Abstract- Earth is a well-known old construction material, which is both eco-friendly and energy-efficient. In 

comparison to the traditional construction materials like cement, steel, etc. which are not only energy-demanding, yet 

deteriorate the environment too. There is a significant need for alternative green building technologies. In the presented 

work an attempt is made to achieve this goal. Herein, the compressed earth blocks masonry is investigated for its 

compressive strength, as the compressive strength is the basic parameter that depicts the overall strength of the 

masonry. For this purpose, earth-blocks are made up of cement, sand, and soil in a ratio of 1:1:10. The mixture is 

compressed in a manual press machine having a very low compaction pressure of 0.123 MPa compared to the advanced 

available machines having compaction pressure greater than 2MPa. Therefore the blocks produced here are called 

Low-Pressure Cement-Stabilized Compressed Earth Blocks titled as SCEBs. The SCEBs prisms are then tested as per 

ASTM standards in Compression. The comparison of the results is brought out with the conventional burnt brick. In 

comparison, we found SCEB and its masonry very fragile. Yet its construction is possible following the 

recommendations of the presented work 

 

Keywords— Compressed Earth Block, Green building Technology, Low-Pressure, Masonry, Mechanical Properties 

I. INTRODUCTION 

 Earth is used for a long for the construction of buildings in different forms like cob, adobe, rammed earth 

walls, and wattle and daub construction. It is cheap, easily available, and eco-friendly. It is used for 10,000 

years and provides the basic shelter needs to the people [1]. On the other hand, the conventional 

construction material like fired clay bricks, cement, and steel is not only costly but are highly energy 

demanding and also deteriorates the environment [2].  

Construction material costs almost 60% of the total building cost, and the cost of building from the earth 

is almost negligible comparatively [3]. The increase in the slum is one of the reasons for unaffordable 

housings.  Besides, these conventional materials contribute to the degradation of the natural environment 

severely. Only cement emits 2070 tons of carbon dioxide per year globally which enhances global 

warming and climate changes [4]. Besides, they require a high amount of energy in production. The 

energy consumption during the production of fired bricks ranges from 0.54 to 3.14 Mega-joule of specific 

energy per kilogram of bricks [5]. It is also the source of solid waste generation. The production of ash 

and 20% of the sub-standard bricks is also a great challenge [6]. 

The aforementioned are some of the serious problems that have been aroused due to the use of traditional 

construction materials. An alternative approach is mandatory to be established, like using earth as a 

construction material, to cope with all these problems. As the earth is cheap and easily available, it drew 
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the attention of the people as a construction material and is being used for 1000 years [1]. 

But the earth as a construction material has several problems. The major ones are its low strength and less 

durability to wind and rain [7, 8]. That is why earth construction is left only for the people who cannot 

afford traditional construction materials. If solutions for these problems of earthen constructions are 

sought out, the people will be convinced and will adopt it. Thus it will prevent environmental degradation 

and will enable the lower economy class community to build low-cost houses. Moreover, it will stop the 

mass production of solid wastes from conventional building materials as the earth is degradable and 

recyclable and have low embodied energy [9]. 

Such efforts have been started since 1700BC. In 1950 a manual press machine was designed by an 

American engineer Raul Ramirez. He has given the idea of compressing the soil in the machine with the 

addition of optimum moisture contents, to give it a specific shape and density. These are termed 

“compressed earth blocks”. Later on, the practice of addition of stabilizers like fly ash, cement, lime, etc. 

is also adopted. The bricks were then named Stabilized Compressed Earth Blocks [10, 11]. 

An attempt is made in this work towards the Sustainable-Green-Housing-Technology. A Manual press 

machine was used to construct the stabilized Compressed Earth Blocks (SCEBs). The basic mechanical 

properties were determined experimentally in the lab of the University of Engineering and Technology 

Peshawar. The properties were then compared with the traditional fired brick.  

The SCEBs and its masonry are investigated by many researchers for its mechanical and physical 

properties with the addition of stabilizers and different natural and synthetic fibers. In all cases, 

compaction pressure higher than 2MPa has been used. In our case, we assumed that a man can apply 

vertical load on the lever equal to its weight. So for an average man of 55 kg, the compaction pressure is 

0.123MPa. This compaction pressure is considerably lower and the blocks produced by it are therefore 

termed as low-pressure-stabilized compressed earth blocks. The compressive strength of SCEBs and its 

masonry at such a low production pressure is not reported in the literature so far. This research aims at 

enhancement of confidence about the SCEBs masonry building construction from blocks made at low 

compaction pressure (by the manual press), which will help the lower economy class community and will 

cast a positive impact on the environment. 

II. METHODOLOGY 

A. Manual Press Machine 

A manual press machine is made locally shown in Figure 1. The lever arm is 168 cm, suitable for manual 

operation. The mold size is kept the same as the size of traditional burnt brick, i.e. 23 cm × 10 cm × 13.5 

cm. The height of the mold is kept double of the required thickness of the SCEB. 

  
(a) 3D View (b) Side View 

Figure 1. Manual Press Machine 

 

 

 



 
5th Online International Conference on Sustainability in Process Industry (SPI-2020) 

Dec 15-16th, 2020 Department of Chemical Engineering, University of Engineering and Technology (UET), Peshawar

 
 

56 | P a g e   

B. Soil 

Soil is selected from the locality of Peshawar. Sieve analysis and hydrometer analysis are carried out for 

particle size distribution as per ASTM-D6913 and ASTM-D7928-17 respectively. Liquid limit and plastic 

limit are determined as per ASTM-4318-00. The specific gravity of soil particles is calculated following 

ASTM-D854-14. 

 

    
a) Hydrometer 

Analysis 

b) Liquid Limit Test c) Plastic Limit Test d) Sieve Set 

Fig. 2. Soil Tests 

C. SCEB 

The SCEBs are formed from the mixture of Cement, sand, and soil with a 1:1:10 ratio respectively. First, 

the soil is passed through a sieve having common size used conventionally to remove any debris and 

organic materials. Then 10% sand and 10% cement by weight are added and is mixed thoroughly. After 

complete mixing, water is added to dampen the soil and is mixed again to obtain a uniform mixture. 

The mold of the press machine is then filled with the mixture. The compaction pressure is used to densify 

the soil to half of the mold, i.e. 6 cm, which is the required thickness of SCEB in our case. These blocks 

are placed in the shade to avoid direct sunlight, for 28 days. On the 28th day, they are tested in compression 

as per ASTM-C67-03a. 

 

Figure 3. Stabilized Compressed Earth Blocks (SCEBs) 

D. SCEB Prisms 

Four prisms for compression test to evaluate compressive strength and modulus of elasticity are 

constructed in English bond. The width of the prism is equal to a full and a three-quarter brick which is 

almost 37.50 cm. The height of the prism is equal to 45.72 cm with a thickness equal to one full brick i.e. 

22cm. there are kept in the shade for 28 days. They are constructed above a wooden board so that it could 

be easily shifted to the lab for the test. Jute fiber clothes are used to cover the specimen. They are used to 

be soaked in the water twice a day. After 28 days the prisms were tested in compression as per ASTM-

C314-03a.  

For the test, the specimen is shifted to the Universal Testing Machine (UTM). The specimen is kept under 

the center of the upper cylindrical head of the UTM. The wooden board is not removed under the specimen 

for not to damage it. The sand was spread over the top of the specimen and a steel plate is kept above it 

to distribute the load uniformly. Tow Linear Variable Differential Transducers (LVDTs) are installed. 
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One at the face of the specimen in the second row from the top and another was used to record the stroke 

of the UTM for cross-checking. The gauge length is noted. The load is then applied slowly to the specimen 

until it reached the maximum capacity. At a 20% drop in the capacity, the test was stopped. The test 

arrangements are shown in the figure. 

The load and deformations are recorded. The load is divided on the cross-sectional area of the specimen 

to calculate the compressive stress. The deformations are divided on the gauge length to calculate the 

strain. Both are plotted on a graph to get the modulus of elasticity and compressive strength of the SCEB 

prisms. 

E. Mortar 

Three 50mm mortar cubes are taken from each batch of the mortar of the prisms. The composition of 

mortar is also the same as the SCEB, i.e. Cement, sand, and soil with the ratio of 1:1:10 termed as CSS 

mortar. A total of 12 samples are collected. They are kept in the same environment with parental prisms. 

They are tested on the same day as the compression test of the parental prisms as per ASTM-C109. 

III. RESULTS AND DISCUSSION 

A. Properties of Soil 

The particle size distribution curve is given in Figure 4. The major portion of the curve is outside of the 

range recommended by [8] for manual compaction. The major portion of the soil is uniformly graded. 

96.68% of the soil is silt and the remaining 2.32% is sand. No gravels and clay particles are found. We 

have added 10% sand to reduce the uniformity. Whereas the Plasticity Index is given in TABLE II is 

12.12, within the range recommended by [8] for manual compaction. 

 

 

Figure 4. Particle Size Distribution Curve 

TABLE II: Atterberg’s Limits of Soil 

Liquid Limit 35.80 % 

Plastic Limit 23.43 % 

Plasticity Index 12.12 
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B. Compressive Strength of SCEB 

The mean compressive strength of the 12 SCEB samples is 3.084MPa. Data of seven researchers are 

presented in TABLE III, for burnt brick. The mean compressive strength of the seven values is 15.59 

MPa. The percentage of the SCEB strength to the burnt brick is 19.78. 

 

 

Figure 5. SCEB Compression test in Universal Testing Machine 

TABLE III: Comparison of SCEB Compressive Strength with Burnt Brick 

S.No 
28-days Compressive 

Strength (MPa) 
Reference 

1 14.40 [12] 

2 16.20 [13] 

3 11.12 [14] 

4 12.43 [15] 

5 17.00 [16] 

6 16.00 [17] 

7 22.00 [18] 

Mean 15.59  

Standard 

Deviation 
3.536  

COV,% 22.67  

8 3.084 Presented Work 

Percentage 19.78%  
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C. Compressive Strength and Modulus of Elasticity of SCEB Prisms 

1) Damage Pattern 

Figure 6 shows the prisms after compression tests. The cracks initially started from the top diagonals and 

propagated slowly to the middle. The damage pattern is noted at the 20% decrease of the capacity and the 

test is stopped at this stage. The failure mode of all the specimen is conical breaking failure as per ASTM 

Standard C1314-03a  

 

Figure 6. Damage Patterns of the Prisms after Compression Test 
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(c) Sample 03 (d) Sample 04 

Figure 7. Stress-Strain Curves of the Compression Test Prisms 

 

2) Graphical Representation 

The stress-strain curves are presented for all the four prisms in Figure 7. The peak point of the curve is 

taken as the compressive strength. For sample 02, due to the ill-behavior of the instruments, the full data 

is not recorded. Only the initial straight portion is recorded. In the initial portion of the curves, a minor 

curvature is shown. This is the stage when the soft mortar is stiffening and achieved its maximum density. 

After the full compaction of the mortar, the whole response of the prism is started. The modulus of 

elasticity is calculated from the initial straight portion of the curve. 

3) Results and Comparison 

The mean value for the compressive strength of the prisms is 0.595 MPa, whereas the Modulus of 

Elasticity is 121.048 MPa. These values are compared with the burnt brick and presented in TABLE IV. 

The burnt brick masonry values are taken from the work of different researchers. The SCEB masonry 

compressive strength is 14.6% of the mean compressive strength of the burnt brick, whereas the Modulus 

of Elasticity of SCEB is 8.5% of the Modulus of Elasticity of Burnt Brick. 

TABLE IV: Comparison of SCEB Compression Test Values with the Burnt Brick 

S.No 

28 days 

Compressive strength 

(MPa) 

Modulus of Elasticity 

(MPa) 
Reference 

1 4.960 1407.221 [19] 

2 4.540 1300.100 [18] 

3 4.341 - [13] 

4 3.513 1227.422 [12] 

5 3.024 1227.182 [15] 

Mean 4.074 1428.800  

Standard 

Deviation 
0.791 319.531  

COV, % 19 22  

4 0.595 121.414 Presented Work 

Percentage of SCEB to Burnt Brick 

 14.6% 8.5%  

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.0000 0.0018 0.0036 0.0054 0.0072 0.0090

C
o
m

p
re

ss
iv

e 
S

tr
es

s 

(M
P

a)

Compressive Strain

mm/mm

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.0000 0.0020 0.0040 0.0060 0.0080 0.0100 0.0120

C
o
m

p
re

ss
iv

e 
S

tr
es

s 

(M
P

a)

Compressive Strain

mm/mm



 
5th Online International Conference on Sustainability in Process Industry (SPI-2020) 

Dec 15-16th, 2020 Department of Chemical Engineering, University of Engineering and Technology (UET), Peshawar

 
 

61 | P a g e   

D. Compressive Strength of Mortar 

The mean Compressive Strength of CSS mortar is 0.708 MPa. It is compared with the Cement-sand 

mortar (CS) and presented in the table. The percentage of the CSS is only 9.75% of the burnt brick. it has 

nothing with the compaction pressure. 

TABLE V: Comparison of CSS mortar strength with CS mortar 

S.No 

28-days 

Compressive Strength 

(MPa) 

Reference 

MPa  

1 7.951 [13] 

2 5.054 [15] 

3 8.333 [16] 

4 6.900 [17] 

Mean 7.064  

Standard 

Deviation 
1.476  

COV,% 20.8  

8 0.687 Presented Work 

Percentage of 

CSS to CS 
9.75%  

IV. CONCLUSION 

This work is aimed to enhance the confidence for self-help-based low-cost housing construction from the 

soil. In such a way, it will enable the lower economy class community to build engineered houses and 

also will prevent environmental degradation due to the conventional construction materials. Therefore the 

compression tests are carried out on the stabilized compressed earth blocks and its prisms, made by a 

manual machine having a low compaction pressure. As the compressive strength is the key parameter, 

which depicts most of the overall behavior of the element, therefore it was decided to investigate the  

compressive strength of SCEB and its masonry. The values are then compared with the conventional 

burnt/fired bricks. Based on the research work, the following important points are concluded. 

The compressive strength of SCEB is 19.78% of the traditional burnt brick, almost one-fifth of the 

strength of the burnt brick. At such low pressure, this value seems encouraging. It could further be 

enhanced if the soil is well graded. The compaction pressure could also be increased by increasing the 

lever arm, or by decreasing the surface area of the block.The damage pattern of the compression prisms 

is conical breaking and not vertical splitting. This shows a satisfactory strength of the SCEB and 

ultimately its masonry.Excluding sample 02, which has insufficient data, the other graphs show good 

inelastic behavior. It shows SCEB masonry possesses good ductility properties. 

The compressive strength of masonry is 14.6% of the traditional burnt brick masonry. Whereas the 

modulus of Elasticity of SCEB masonry is only 8.5% of the traditional burnt brick masonry. The values 

are although comparatively less yet encouraging at such a small compaction pressure 
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V. RECOMMENDATIONS FOR FUTURE WORK 

Based on the presented work, the following are some recommended points 

1) SCEB and its masonry should be investigated for compaction pressure greater than 0.123 MPa, and 

also for the lower cross-sectional area of the block. 

2) Some inclusion of fibers should also be done to see the effect on the results with low compaction 

pressure. 

3) SCEB and its masonry should be investigated at low compaction pressure for other basic mechanical 

properties too, like Shear strength parameters, flexure strength, principle tensile strength, and modulus of 

rigidity. 

4) It should also be investigated at low compaction pressure for the lateral load parameters like lateral 

strength, stiffness, ductility, and energy dissipation. The overall behavior should be studied for gravity 

and lateral loads to reach a consensus about the construction of houses from low pressure compressed 

earth blocks. 
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Abstract— 15CrMnMoV6 is a low carbon alloy steel which combines high yield strength with good toughness. This 

high strength low alloy steel (HSLA) finds many applications in the aerospace and motorsports industries. This steel 

exhibits secondary hardening behavior which affects its mechanical properties. The secondary hardening behavior 

varies with the tempering temperature and needs to be investigated for optimal mechanical properties.In this research 

various cooling techniques such as water quenching, oil quenching and air cooling are used to study the secondary 

hardening behavior in the material. Optical Microscopy, Scanning Electron Microscope and X-ray Diffraction are used 

to study the alloy carbides along with mechanical characterization for determining the strength and hardness of the 

alloy.Results shows that the secondary hardening behavior is elevated in air cooled steel than the water quenched and 

oil quenched due to higher precipitates of Molybdenum carbide and Vanadium Carbide. 

 

Keywords— Alloy carbides, Cooling techniques, 15CrMnMoV6 steel, Secondary hardening behavior, Tempering 

temperature. 

 

I. INTRODUCTION 

15CrMnMoV6 steel is used in many critical applications in the aerospace and automotive industry. 

Various parts are manufactured in large numbers. The material is received in the annealed and forged 

condition. This material is then hardened for manufacturing of various parts. The material is heat treated 

by using Oil quenching technique. By this process the hardness is not achieved accurately. And the 

strength of the material varies from its desired value. The tempering temperature of the steel meets the 

secondary hardening behavior of the steel. So, it is essential to study the secondary hardening behavior 

of the steel.  

The secondary hardening behavior of the material varies with heat treatment process. Heat treating 

process of Air cooled, Water quenched, and Oil quenched steel will be required to be studied. The 

hardening effect obtained in these processes will be compared and optimum process and temperature 

ranges will be recommended for the required mechanical properties. 

The following are the main objectives in this regard. 

I. To determine the optimum tempering temperature for required hardness and strength. 

II. To study the secondary hardening behavior of15CrMnMoV6 by comparing the heat-treating 

processes. 

III. To compare the strength and hardness at different tempering temperatures in Water quenched, Oil 

quenched and Air-cooled heat-treating processes. 

Study on the effects of cooling methods on the microstructure and mechanical properties after heat 

treatment of High Strength Low Alloy Steel (HSLA) steel showed that the water-cooled specimens have 

ferritic matrix and tempered martensite. The air-cooled specimen had mix of ferritic matrix and tempered 

bainite. They reached at the conclusion that the air-cooled steel had good combination of strength and 

toughness as compared to water cooled [1]. 

The fraction of bainite and martensite can be increased by adding alloying elements which slows down 

the bainitic reaction. The carbide forming alloying elements greatly retard the ferrite-pearlite reaction, 

and chromium in particularly is very effective in the retardation of bainitic reaction. Increasing in the 

mailto:Zahoorali87@yahoo.com


 
5th Online International Conference on Sustainability in Process Industry (SPI-2020) 

Dec 15-16th, 2020 Department of Chemical Engineering, University of Engineering and Technology (UET), Peshawar

 
 

64 | P a g e   

carbon and chromium content will result in the increase of martensite content in the mix microstructure. 

The yield strength increases with decreasing the grain size of 15CrMnMoV6. The percent elongation and 

notch toughness also increase with the decreasing grain size [2]. 

15CrMnMoV6 contain bainitic structure and with the increase in temperature up to 650C the material 

undergoes a secondary hardening effect. In the beginning of the precipitation the size of the Mo2C and 

VC is very small to keep coherent with the matrix, which results in increase in hardness and strength. But 

with the increase in tempering temperature the carbides coarsen and causes decrease in strength and 

hardness [5].  

There are three strengthening mechanisms in modern microalloying (HSLA) steels that cause the final 

strength of the steel. In the first mechanism the precipitation takes place in the austenite and further 

precipitation takes place during the transformation from austenite to ferrite. 

The second mechanism is the interphase transformation, in which the precipitates of the microalloying 

carbides takes place progressively as the interphase boundaries move through the steel. 

The third type of strengthening mechanism occurs when the rate of cooling through the transformation 

is high, leading to the formation of super saturated plates of ferrite, the carbides will tend to precipitate 

within the grains, usually onto the dislocations, which numerous in this type of ferrite [6]. 

II. METHODOLOGY 

In this study, different cooling techniques were used to study the 15CrMnMoV6. The steel was received 

in the form of forged rods. The material was analyzed by X-ray Spectroscopy for chemical composition. 

The chemical composition is C=0.18, Si=0.11, Mn=0.886, Mo=0.80, V=0.256, Cr=1.39, S= 0.012, 

P=0.011. 

From the material lot, 21 rods were randomly selected. All this material was heated to a temperature of 

925C for 1 hour and 30 minutes. Out of these 21 rods 07 rods were water quenched, 07 rods were oil 

quenched and 07 rods were air cooled. After this 07 lots consisting of 03 rods were made by selecting 01 

rod from 03 quenched lots. The 07 lots were tempered at 300C, 400C, 500C, 550C, 600C, 625C and 650C 

independently for 2hours.  

Samples for tensile testing, hardness testing and microstructure analysis were cut from the tempered 

lots. Microstructure was studied by Scanning Electron microscope (SEM) at different magnifications. The 

chemical composition after heat treatment was studied by Energy Dispersive Spectrometer (EDS), 

attached with SEM. 
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Fig. 1.  Experimental Methodology 



 
5th Online International Conference on Sustainability in Process Industry (SPI-2020) 

Dec 15-16th, 2020 Department of Chemical Engineering, University of Engineering and Technology (UET), Peshawar

 
 

65 | P a g e   

III. RESULTS AND DISCUSSION 

A. Mechanical Properties 

Fig 2 and 3 shows the hardness and tensile properties of the all the three quenching techniques applied 

to the material. These plots show increase in hardness and strength between 550C and 625C of tempering 

temperature. This behavior shows the secondary hardening behavior of the material. The hardness of the 

air-cooled steel is lower than water and oil quenched steels. But the rate of secondary hardening is higher 

than both oil quenched and water quenched steel. By examining the broken tensile specimens, all the 

three different quenched materials show nearly same area reduction and percent elongation with increase 

in temperature.                                                                                                                

 
Fig. 2. Variation of Hardness with Tempering Temperatures of different Quenching Techniques 

 

 

 

Fig. 3. Variation of Ultimate Tensile Strength (UTS) with Tempering Temperature of different 

Quenching Techniques 
 

B. Metallurgical Structure 

Fig. 4, 5 and 6 shows the metallurgical structures of water quenched, oil quenched and air-cooled 

specimens of heat-treated material at different magnifications on Scanning Electron Microscope. The 

water quenched and oil quenched specimens are tempered martensite and mixture of tempered martensite. 

The air-cooled specimens are tempered bainite. 
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         4(a)                  4(b)              4(c)    

Fig. 4. SEM images of water quenched specimens 

 

   
 5(a)           5(b)               5(c) 

Fig. 5. SEM images of Oil quenched specimens 

 

   
 6(a)           6(b)                6(c) 

Fig. 6. SEM images of air-cooled specimens 

 

If the cooling rate is high it will transform to martensitic structure and if the cooling rate is low, it will 

transform to bainitic structure. 

After tempering the structure were converted into tempered martensite and tempered bainite in the 

region of 600 C to 650 C as shown in the above figures. From Fig. 4, it is obvious that the water quenched 

specimens has finer grain structure as compared to oil and air quenched. Therefore, their tensile properties 

are at higher side as compared to other two cooling techniques. 

C. Carbide Analysis 

 EDS (Energy dispersive Spectrometer) 

The metallographic samples were tested for carbide analysis on the Energy Dispersive spectrometer 

(EDS) which is attached with SEM. In this material the Vanadium and Molybdenum (Mo) are the main 

carbide former. Here we will take Mo as our focus element. 

From the Fig.7 the carbide analysis of water quenched specimens shows that the Mo content in water 

quenched samples increases at 625C which means a decrease in the content of MoC and hence decrease 

in the hardness and ultimate tensile strength. 

This change in Mo content in the oil quenched specimens as shown in Fig.8 is similar to the water 

quenched samples. The change in the Mo content in air-cooled specimen is not considerable as shown if 

Fig. 9. Hence the air-cooled specimens show stable values of hardness and ultimate tensile strength.  
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7 (a) 

 

7 (b) 

 

 

 

 

 

 

 

7 (c) 

Fig. 7.  EDS images of Water-Cooled Specimens 
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8 (a) 

 

8 (b) 

 

8 (c)  

Fig. 8. EDS images of Oil Cooled Specimens 
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9 (a) 

  

 
9 (b) 

 
 9 (c) 

Fig. 9. EDS images of Air-Cooled Images 
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IV. CONCLUSION 

The desired properties of the 15CrMnMoV6 is a result of the multiple mechanisms within the 

microstructure. The strength and hardness properties appear to be controlled primarily by the precipitation 

of the carbide formers i-e MoC and VC.  

The secondary hardening effect in all the three types of samples lie between 500C to 600C. Although 

this response may be more prominent in the air-cooled steel. This response in the air-cooled steel is 

appeared to have due more precipitation of the carbide formers.  

The strength and hardness of the water and oil quenched steel are high but not desirable for our 

requirement. The change in hardness and strength values of the water quenched samples is less with the 

change in tempering temperature. The oil quenched specimens also show little change in properties with 

the changing tempering temperature.   
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Abstract— Water is essential part of human life cycle. Pure water is used in several ways for domestic and industrial 

purposes. Many industrial and unformulated events make it polluted that consequently affect human health, aquatic 

life as well as ground water quality. Among other reasons, industrial pollution is one of the major sources and concern 

due to toxic substances and chemicals used as raw materials in various industrial applications. Residues in the form of 

heavy chemicals is continuously discharged from these industries into the water bodies without any proper treatment. 

In the Industrial Estate Peshawar, there is no arrangement for industrial wastewater management where different 

industrial unit directly release their wastewater into the receiving stream, which is passing through urban and rural 

parts of Peshawar and makes its way into the river Kabul apart 20 km away from HIE KPK Pakistan. Water from the 

river Kabul is widely used for irrigation purposes in this area which consequently affects human and marine life 

because of the untreated toxic effluents present. In this research work the effluent samples and tube well water was 

collected from pre-selected industry in Hayatabad industrial estate to investigate the quality of effluents and ground 

water at upstream points, downstream points and discharge points as well as main drain at a difference of 10 meters 

for each parameter to see if any contamination has accrued. Current study has investigated concentration of the 

selected heavy metals (Nickel and Lead) and water quality parameters (Electrical Conductivity and Turbidity) the 

industrial discharge into water bodies. The concentration of turbidity level in main drain were so high (1182 NTU) and 

minimum turbidity value of tube well water was recoded (8.44 NTU) near to ZRK industry, the maximum values of 

EC were recorded (1915 mg/l) which is also exceeding the permissible limits. Among heavy metals contamination the 

maximum values of Pd and Ni were (0.042 mg/l) and (0.013 mg/l) respectively in the specific industries in HIE. The 

variation of all these fore mentioned concentrations were investigated and represented through GIS. The effluents 

discharged by HIE adversely affect the ground water quality because the exceeding values in the fore mentioned water 

quality parameters and heavy metals are not in the acceptable limits of NEQS of Pakistan. 

 
Keywords— Heavy metals, effluent, industrial waste water, impact, toxic 

I. INTRODUCTION 

Industrialization has facilitated the human life in all aspects with some gifts in the form of pollution and 

exploitation of natural resources. Industrial wastes in the form of gases and chemicals has posed a serious 

threat to human life. The untreated wastes released from industries directly affects both surface and 

ground water sources making it unsuitable both for animals and plants. Serious attention is much needed 

to be paid to this issue otherwise the earth would become miserable for life [1] Moreover, the modern 

turn of events and safety of the environment can be made conceivable by applying the idea of industrial 

beneficial interaction. To lessen the effects on climate, center around environmental exhibitions is critical 

[2].  

Grounder water is the main source of drinking water for plants and animals, being polluted by several 

means. The effluents released from industries is taken by surface and then reaches the ground water. The 

various effluents which makes the ground water polluted are heavy metals and raw materials which are 

discharged into the receiving stream during manufacturing of various industrial products [3] The heavy 

metals which are responsible for water contamination are arsenic, cadmium, chromium, copper, nickel, 

zinc, led etc. [4] To assess the water quality, PH, turbidity, total suspended solids, total dissolved solids, 

total nitrogen, total phosphorus and chlorides are needed to be checked.    

The major contributors to the surface and ground water pollution are the byproducts of various industries 

such as textile, chemical, construction and others. High levels of pollutants in river water causes an 

increase in biological oxygen demand (BOD), chemical oxygen demand (COD), total dissolved solids 

(TDS), total suspended solids (TSS), toxic metals such as Cd, Cr, Ni and Pb and fecal coliform and hence 

make such water unsuitable for drinking, irrigation and aquatic life [5]; [6] It has been reported that 60 % 
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of population in developing countries has no access to pure drinking water [7]. Every year about 3.4 

million peoples die due to water borne diseases and around 2.4 billion individuals need sufficient 

disinfection [8] 

In Pakistan, the foundation of modern home began under the initial five years plan (1955-1960) and 

afterward quick improvements were recorded till 1990s [9] These days the modern area is confronting 

outrageous affliction in the nation by and large and Khyber Pakhtunkhwa (KPK) territory specifically. In 

KPK, there are 12 industrial areas having 1552 are open and 635 industrial estate are not functional. 

Subsequently, the territory has gotten a loss of Rs. 15.74 billion and a large number of gifted specialists 

got jobless [10] 

The present study was therefore carried out to determine the important characteristics of various industrial 

effluents of Hayatabad Industrial Estate, Peshawar (KPK) and assess the impacts of such effluent on 

human health and environment. And also, to study and recommend most suitable process for effluent 

treatment which could improve the quality before these are disposed up into water body. 

II. STUDY AREA 

Peshawar Industrial Estate located in District Peshawar, Khyber Pakhtunkhwa (KPK), shown in Figure 

1, was established in 1964 over 868 acres. A recent survey reveals that there are 196 medium and large 

industrial units in addition to 97 SIDB units in operation in the Industrial Estate.  Different types of 

industries like Pulp and Paper, Ghee, Chemicals, Match Factories, Marble and Ceramics, 

Pharmaceuticals, Beverage & Food, Carpet, Textile, Steel Fabrication and Engineering Industries etc. 

have been established.  The untreated waste of industries of Peshawar Industrial Estate are causing 

environmental problem in the area as the industrial waste is being drained out in the water bodies without 

treatment.  The effluents discharged from industries are passing Peshawar and populated suburb areas of 

Peshawar.  Several complaints have been received from the residents of locals regarding the pollution of 

Peshawar Industrial Estate. 

In the Industrial Estate Peshawar, there is no arrangement for industrial wastewater management; where 

different industrial unit directly release their wastewater into the receiving stream. therefore, there is a 

need to monitor the industrial wastes for both physical and chemical parameters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Study Area 
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III. METHODOLOGY 

The water samples were collected from five different industrial units of Pepsi, ZRK Group of Industries, 

ARY Steel Mills, Durr Ceramic Industry and Heal Pharmaceutical Industry. The water samples were 

collected at upstream, downstream and discharge along with tube well at a difference of 10 meters 

between upstream and downstream. Simples were also collected form main drain. The samples were then 

tested for physiochemical characteristics, turbidity and electrical conductivity, some characteristics were 

determined in the sampling process while other were tested Palintest Photo Meter. Besides these, heavy 

metals like, nickel and led were also tested using Atomic Absorption Spectrometer in the Centralized 

Resources Laboratory at University of Peshawar, Pakistan. Figure 2 shows the sequence in which the 

samples were collected from different industrial units. 

 

 
 

 

 

Figure 2: Review of methodology 

  



 
5th Online International Conference on Sustainability in Process Industry (SPI-2020) 

Dec 15-16th, 2020 Department of Chemical Engineering, University of Engineering and Technology (UET), Peshawar

 
 

74 | P a g e   

IV. RESULTS AND DISCUSSION 

1.1 Physiochemical Characteristics 

 

1.1.1 Turbidity 

The Figure: 3 shows turbidity values of different industries in Hayatabad industrial estate. The effluent 

values of turbidity change for each industry at upstream point, downstream point, discharge point and 

main drain in random way. The effluents value of turbidity is extremely high in almost all industries but 

maximum values for durr industry discharge point (801 NTU), ARY steel (796 NTU), heal pharma (746 

NTU) and ZRK (736 NTU) respectively and the minimum effluents value of turbidity is for Pepsi industry 

(598 NTU) was recorded while main drain where all industrial effluents are fallen are was (179 NTU) 

values of turbidity in the ground water industries was within the permissible limit.  The effluent value of 

turbidity inside all these specific industries become so high compared to permissible standard. Due to the 

very high turbidity of the above-mentioned industries is because using of high level of organic matter 

effluents from these industries is release. High turbidity levels influence fish sustaining and development. 

Light weakening by suspended particles in water has two principle kinds of ecological effect, decreased 

infiltration into water of light for photosynthesis and diminished visual scope of located creatures and 

individuals. High turbidity additionally because of all out suspended solids bolsters high quantities of 

outside microbiota in the water body, quickening microbial contamination. 
 

 

 
 

 

 

Figure 3: Turbidity Trend 
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1.1.2 Electrical Conductivity 

The Figure: 4 is plotted between electrical conductivity values of different industries in Hayatabad 

industrial estate. The effluent values of EC change for each industry at upstream point, downstream point, 

discharge Point and main drain in random way. The maximum value of EC is for ZRK group was 

recorded at upstream point (1711.66 (uS/cm).) at downstream point of Pepsi industry the effluents value 

was recorded (1228 (uS/cm).), at downstream point at ZRK group the value was (1285 (uS/cm).) and 

minimum effluents values of the heal pharmaceutical  industry was (546) respectively, while main drain 

values of EC was (1915 (uS/cm).). The effluent value of EC inside in all the mention industries was 

become so high compared to permissible WHO standard (400 (uS/cm). The exceeding limits of EC 

effluents of the above-mentioned industries was attributed very high level of contents of toxic chemical 

were used during manufacturing process. The effluent of waste water release from these industries not 

only causes corrosion in ground water but also have an adverse effect on aquatic life. 

 
 

 
 

Figure 4: Electrical Conductivity Trend 

 

 

 

1.2 Heavy Metals Concentration 

1.2.1 Led 

The Figure: 5 is plotted between Lead values of different industries in Hayatabad industrial estate. The 

effluent values of Pb change for each industry at upstream point, downstream point, discharge point and 

main drain in random way. The maximum value of Pb is for main drain was recorded (0.042 ppm) while 

the values of Pb is ARY Steel mills downstream point (0.035 ppm), Pepsi downstream (0.033 ppm) and 

durr downstream Point the effluents value was recorded (0.023 ppm) and the minimum values of lead 

heal pharmaceutical receptively. Compared to NEQS and WHO Standard (0.05). In the industrial area of 

Hayatabad, the lead value of most of the industries were below at specific sampling points. The outcomes 

show that the effluents discharged during manufacturing process into the streams have overwhelming 

metal fixations over those prescribed and this represents a hazard to the earth. 

  

6
4
1
.7

1
7
1
1
.6

6

8
9
7 1

0
7
2
.3

1
0
5
7
.6

6

1
9
1
1

6
4
7
.1

1
0
4
2
.3

9
4
9
.5

6

1
0
4
2

1
0
3
9

1
9
1
5

6
5
3

1
2
8
5
.3

3

9
3
5
.2

6

1
0
9
3
.6

6

1
2
2
8
.3

3

1
9
1
3

5
4
6

7
9
7
.6

8
7
8

H E A L  

P H A R M A

Z R K D U R R A R Y P E P S I M A I N  D R A I N

A
V

E
R

A
G

E
 E

C
 (

U
S

/C
M

) 

INDUSTRIES

UP Eff DS Tubewell



 
5th Online International Conference on Sustainability in Process Industry (SPI-2020) 

Dec 15-16th, 2020 Department of Chemical Engineering, University of Engineering and Technology (UET), Peshawar

 
 

76 | P a g e   

1.2.2 Nickel 

The Figure: 6 is plotted between Ni values of different industries in Hayatabad industrial estate. The 

effluent values of Ni change for each industry at upstream point, downstream point, discharge point and 

main drain in random way.  The values of Ni show High deviation in main drain compared to other 

industries. The maximum effluent value of Nickel for main drain (0.013 mg/l) at discharge point of ZRK 

group Pepsi and durr industry the effluents value of Ni was recorded (0.006 mg/l), At the downstream 

point of heal pharmaceutical the Ni effluents value were (0.004 mg/l) which is beyond the NEQS and 

WHO value. (0.02 mg/l). Significant levels of Ni were exceeding NEQS limits was recorded at above 

mentioned industries and main drain in (Fig 4.21) The most widely recognized utilization of Ni is the 

using of raw material during manufacturing process. The important sources of nickel infecting in the dirt 

are metallic coating enterprises, fiery of non-renewable energy sources, and nickel mining and 

electroplating. This can cause various sorts of dangerous development on different goals inside the arrays 

of animals, overwhelmingly of those that live near treatment offices. 

 

 

    

                         Figure 5: Lead Trend              Figure 6: Nickle Trend 

V. CONCLUSION 

It is concluded that the selected industries in Hayatabad industrial Estate (HIE) discharge their untreated 

industrial waste wastewater into Kabul river through number of natural drains, and canals. Un-treated 

industrial waste results in discharge of pollutants and toxic waste into river that adversely affect humans 

as well as aquatic life. heavy metals concentration such as (Ni, Pb) and different water quality parameters 

(EC, turbidity) were tested. The concentration of turbidity level in main drain were so high (1182 NTU) 

and minimum turbidity value of tube well water was recoded (8.44 NTU) near to ZRK industry, the 

maximum values of EC were recorded (1915 mg/l) which is also exceeding the permissible limits. Among 

heavy metals contamination the maximum values of Pd and Ni were (0.042 mg/l) and (0.013 mg/l) 

respectively in the specific industries in HIE.The effluents discharged by HIE will drastically affect the 

ground water quality because the exceeding values in the mentioned water quality parameters and heavy 

metals are not in the acceptable limits of NEQS of Pakistan.The current study was carried out to assess 

groundwater quality of the area (District Peshawar industrial area) and to evaluate the impacts of different 

industrial effluents on the groundwater quality which is being used for various purposes including 

drinking, cooking etc. 
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Recommendation 

 The discharge of untreated effluent in any of the natural water bodies, seepage drains or irrigation 

channels shall be prohibited. 

 The government may ask each industry to allocate reasonable budget for environmental pollution 

control and accordingly may allow incentives in terms of tax rebate particularly for those units 

fulfilling pollution control measures. 
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REMOVAL OF FLUORIDE FROM GROUNDWATER BY USING 

BONE-CHAR AS A BIO-ADSORBENT - A COLUMN STUDY 

 
Mariam Mir Memon*, Murtaza ShahA, Muhammad IdressB , Awais AliC, Sikandar AliD, Rakesh KumarE, Khadija  

QureshiF, Miraj MuhammadG. 

Department of Chemical Engineering, Mehran University of Engineering & Technology, Jamshoro, Sindh, Pakistan. 

 

Abstract- Millions of people around the world are suffering from health issues because of high concentration of fluoride 

in drinking water. Pakistan is also affected severely by this contaminant; about 21.6 million inhabitants in Pakistan 

have no access to clean drinking water. A modest quantity of fluoride is significant for the improvement of teeth and 

bone. In any case, its overabundance substance may make a few infections in human as well animals. Islamkot and 

Tharparkar reported to have higher concentrations of Fluoride as compared to allowable limit reported in W.H.O, i.e. 

1.5ppm. This study involves the removal of Fluoride from ground water. For this purpose, cow bone was synthesized 

as bone char and used in column study. The analysis was performed by using column study on both synthetic solution 

and ground water. Fluoride removal efficiency of synthesized bone char was analyzed by studying different parameters 

like flowrate, Empty bed contact time and initial fluoride concentrations. Fluoride removal efficiency was maximum 

i.e. 98.2% at flowrate 2.98 ml/min. This material is widely available and was found effective for fluoride removal, bone 

char water filters can be made to facilitate the people using fluoride contaminated water in this area. 
Keywords- Fluoride, groundwater, bone char, adsorption, fluoride removal efficiency.  

 

I. INTRODUCTION  

Groundwater is key source of water supply in most rural societies of Pakistan.  Unfortunately, 

groundwater is started to contaminate from time to time with naturally present chemicals. One such 

naturally occurring toxicant is fluoride [1]. Now a days Fluoride (F)  presence in ground-water  in has 

been renowned as one of the severe problem globally [2]. WHO also categorized fluoride as one of the 

dangerous contaminant of water for human health if it is present in excess amount likewise arsenic and 

nitrate and arsenic which are responsible for large scale health problems (W.H.O). The existence of 

fluoride in water is essential for human health if it is under defined limit, which ranges between 1.0-1.5 

mg/L.  However, if fluoride concentration is above the limits then it could be. Fluoride is necessary for 

human health when its concentration is 1.0- 1.5 mg/L. However, despite its significance, elevated 

concentrations of fluoride may result a dangerous conditions for Human health, animal and our 

environment [3, 4]. Fluoride concentration raising concentration in groundwater results in life threatening 

risk worldwide. Globally no of people have groundwater sources with elevated concentration of fluoride. 

The most recent assessments shows that approximately 0.2 billion people, among twenty-five countries 

of the overall globe are under terrible doom of fluorosis [5]. Greater than 260 million individuals globally 

drink drinking water with elevated level of fluoride concentrations [6]. Fluoride with small amount of 

concentration is valuable for human beings as it has good effect on the rate of occurrence in dental cavity, 

mostly for the children [7]. Differently, water with exceeding level of fluoride causes the different 

diseases like as brittle bones, Alzheimer syndrome, osteoporosis, cancer, arthritis, brain damage, thyroid 

disorder and infertility [8]. Fluorosis is a simple indication of high-level fluoride drinking showed by 

mottling of teeth in slight cases and neurological damage in severe cases and bones embrittlement [9]. 

Various technologies are available for the removal of fluoride contamination from drinking water 

including membrane process, filtration, precipitation, coagulation, adsorption methods and ion-exchange 

methods [10.11]. Most of the available de-fluoridation techniques are very complex which requires skilled 

labor, and have a high initial cost and maintenance cost and it is technically non-feasible in rural areas. 

Among those techniques used for defluoridation of water, adsorption is the favorable technique for de-

fluoridation at industrial household and community levels in rural areas due to its very low cost, 

availability and easy to use, easy accessibility, high efficiency, environmental friendly, and no need of 

operational skill and electric power to run. In adsorption several adsorbents have been tested and applied 

for the removal of fluoride ions from aqueous solution, such as carbon-based sorbents, agricultural and 
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industrial wastes. The commercial adsorbents were more effective for fluoride removal from water are 

activated alumina and bone char [12]. 

This study involves the removal of Fluoride from ground water. For this purpose, cow bone synthesize as 

bone char and use in column study. The analysis performs by using column study on both synthetic 

solution and ground water. Fluoride removal efficiency of synthesize bone char analyze by studying 

different parameters like flowrate, Empty bed contact time and initial fluoride concentrations. 

II. MATERIALS AND METHODS  

I. COLLECTION OF SAMPLES AND PREPARATION OF ADSORBENT 

a. Sample collection 

Sample ground water was collected from the wells in Islamkot city, Tharparkar District. Three 

samples were collected from the depth of 10 to 16 meters of each well as shown in Figure1.  

                                  

 

 

 

 

 

                            Figure1. Groundwater samples from Islamkot well 

a. Bone char preparation 

Cow Bones were collected from butcher shop in Hyderabad and then we removed unwanted materials. 

Firstly we simply washed the Bones with water. Hydrogen peroxide and Sodium Bi-carbonate mixture 

was used for bone cleaning of unwanted material and for removal of smell. Mixture was applied for 

One hour; then again bones were washed with water.  After washing, bones kept in Sun light for about 

15 days for complete drying to further proceed for crushing. Remaining moisture from bones will be 

removed using a Convective Oven. After removing moisture, the bones are crushed by using Jaw 

Crusher; this is done in order to provide a greater surface area for purpose of Pyrolysis. The size of 

Bones fed was average 12 inches and the reduced size obtained was 1-2 inches. The bones were 

undergone Pyrolysis process. The Pyrolysis process was performed to produce bone char for fluoride 

removal. This process was done by heating the bones for 2 hours at temperature of 550 0C in absence 

of air using closed container. After Pyrolysis the bone char temperature was decreased to ambient 

temperature and then grinding was performed using pestle and mortar to get average particle size. The 

bone char was sieved to get average particle size of 0.540mm. 

 

                                                                 Figure2. Bone char 
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A.  

II. ADSORPTION STUDIES 

 

a. Theoretical Background 

The adsorption study was performed in adsorption column. The water is passed through the length of the 

column from top to bottom, which provided more contact time, which is needed for fluoride removal. In 

this study two types of adsorption were performed. First using stock solution and Secondly using Ground 

Water sample. 

a. Preparation of Stock Solution 

In order to check the efficiency of synthesized bone char as adsorbent for the removal of fluoride ion, 

Sodium Fluoride powder in distill water was used for preparation of 5-ppm stock solution. We have taken 

1.5 ml from 1000 ppm of stock solution and diluted with 298.5 ml of distilled water to make the 300 ml 

stock solution of 5 ppm. 

       

 

 

 

 

 

                              

 

 

Figure 3: (a) measurement of NaF powder (b): Stock Solution 

 

b. Column flow experiments 

Fixed bed adsorption column was used in this experimental work. The bed was made by using bone-char 

synthesized in laboratory. Furthermore, bed was tightly packed, and supported by wool from the bottom 

of column to prevent the flow of absorbents along with water. Test solutions of 5-ppm concentration were 

passed through with support of peristaltic pump at the top of the column. Fluoride treated water samples 

were collected at the bottom of the column in a beaker, and stored in a plastic sample bottle for analysis.                                      

c. Column parameters 

For adsorption capacity of column process parameters have great importance. Therefore, various 

parameters in adsorption column study such as pH, temperature; EBCT (Empty Bed Contact Time), Bed 

thickness etc. have great importance. However, we have selected some parameters such as flow rate, 

EBCT, and inlet fluoride concentration. 

III. RESULT AND DISCUSSION 

  

1. Characterization of stock solution 

a. Effect of flow rate on fluoride removal efficiency:    

The table shows that when stock solutions with initial fluoride concentration of 5ppmwere passed at three 

different flow rates of 2.98, 3.62 and 4.34 ml/mi resulted 98.2, 72.3 and 62.7 % respectively, fluoride 

removal efficiency. Results showed that as the sample flow rate through the adsorption column increased, 

the fluoride removal efficiency is decreased. It may be attributed by less contact time between adsorbent 
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and liquid sample. Similar findings were also reported by [13] for fluoride removal efficiency.  

 

         Table1. Summarizes the results of Fluoride removal efficiency at different flow rates. 
 

 

S.

No 

Sample 

Stock 
Flow rate 

Initial 

Concentration 

Final 

Concentration 

Removal 

Efficiency 

 Solution  (ml/min) (ppm) (ppm) (%) 

1. Sample (A) 2.98              5 0.054 98.2 

2. Sample (B) 3.62             5 1.385 72.3 

3. Sample (C) 4.34            5 1.867 62.7 

         

 

 

 

 

                      

             η (%) 

     
 

          

 

 

 

 

 

 

Figure 5: Graphical Representation of Fluoride removal efficiency at different Flowrates 

 

 

 

 

 

 

b. Effect on empty bed contact time (EBCT) on removal efficiency: 

The table shows that when water sample was passed through empty volume of column i.e. 2.513 ml at 

flow rates 2.98, 3.62 and 4.34 respectively, the Empty bed contact time was decreased, because 

increasing flow rates will result in reduction of time sample passes through column.  

     Table 2. Represents effect of flow rates on EBCT 

 

S.no 
Flow rate 

(ml/min) 

Volume of Empty Bed (ml) EBCT 

(min) 

1.          2.98 2.513 0.84 

Flowrate (ml/min) 
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Figure6. Graphical Representation of EBCT at different Flow rates 

 

 

III. RESULTS OF FLUORIDE REMOVAL EFFICIENCY FROM GROUND 

WATER OF ISLAMKOT: 

After testing fluoride removal efficiency of Stock Solution, Column Study was performed by 

optimized parameters for analyzing how much synthesized adsorbent would be effective, in ground 

water sample, which consists of higher initial concentrations of fluoride. The 3 different Ground Water 

samples from Islamkot were passed at optimized value of Flow rate (2.98ml/min) and bed height 

(8cm). The Results obtained from this analysis are shown in Table 4.4. 
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Table 3: Represents effect of initial concentration on fluoride removal efficiency 

 

From results presented in table, it is clear that Fluoride removal efficiency of BC decreased if the initial 

concentration of sample is increased. Graphical Representation is given in figure 7 

 

 

  

 
 

 

Figure 7: Graphical Representation of Fluoride removal efficiency at different initial 

concentrations. 

 

1) Abbreviations and acronyms  

GW: Ground Water, BC: Bone Char, NaF: Sodium Fluoride, ml/l: Milligrams per liter, ppm: Parts per 

million, EBCT: Empty Bed Contact Time. 

 

2) Equations  

For preparation of stock solution we have used equation (a) for find the volume of solution. 

                                 C1V1 = C2V2                                                                                  (a) 

                          𝑉1= 𝐶2 × 𝑉2 
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                                      𝐶1 

 

Where, C1 = initial concentration of solution 

V1 =initial volume of the solution. 

C2 = desired/required concentration of the sample.  

V2 = desired volume of sample. 

3) Other Recommendations 

From this study, it is drawn that bone char can be used as adsorbent because it showed excellent fluoride 

removal efficiency of ground water samples. More extensive work is required to examine the effectiveness 

of bone char for removal of fluoride with other contaminations such as arsenic by using a hybrid bed of 

bone char and other adsorbent materials. The present study can be used in providing potable water filters 

of bone char, in those areas where people are suffering as of fluoride contaminations. 

 

IV.  CONCLUSION 

The health concerns associated with the high fluoride concentration in ground water sources were 

highlighted in this study. Due to the feasibility of bone char as a cheap and effective bio- adsorbent for 

fluoride removal. The bone char was synthesized from cow bones using pretreatment and pyrolysis at 

optimum temperature of 550oC. The prepared bone char was grinded and sieved at average particle size 

of 0.540 mm. To analyze the effectiveness of synthesized bone char, column study was performed by 

varying different parameters i.e. Flow rate, bed height, EBCT and initial concentration. The samples for 

studying fluoride removal efficiency were stock solution and ground water of Islamkot, Tharparkar. Three 

different flow rates 2.98, 3.62 and 4.34ml/min were used respectively, the maximum fluoride removal 

efficiency about 98.2% of stock solution was observed at 2.98ml/min. While the efficiency was gradually 

decreased to from 98.2% to 62.7% at flow rate of 4.34 ml/min. 
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Abstract— The focus of this research work was to treat wastewater from a carwash station and to make it suitable for 

reuse. Water scarcity is a worldwide issue and Pakistan is among one of the countries facing water shortage problems 

in most of its cities. Furthermore, carwash stations have emerged as an industry, and particularly speaking about 

Pakistan, these stations have massively increased in number during the last two decades, thus becoming a major source 

of consuming fresh water. In this study, wastewater samples from different carwash stations operating in the city of 

Peshawar were collected and analyzed. The selected samples were treated in a lab scale unit comprising sedimentation 

and a filtration unit. The filtration unit consisted of layers of gravel, coarse sand, fine sand and organoclay. To remove 

oil contents from the wastewater, organoclay was used in the filtration unit. It was found that the contaminants in the 

treated sample such as TSS reduced from 821 mg/l to 98, TDS reduced from 769 to 445, pH increased from 7 to 8, 

Turbidity reduced from 253 to 2.7, Hardness reduced from 321.6 to 120, alkalinity reduced from 250 to 220, and oil 

content reduced from 26 to zero. The water sample after treatment was found suitable to be reused for the carwash. 
Keywords—Low Cost Treatment System, Filtration, Sedimentation, Organoclay, Carwash wastewater.  

I. INTRODUCTION 

 Water scarcity is a major global concern nowadays. It is estimated that 97% of world water is saltish 

and only 3% is fresh water available, of which 66% is in glaciers and only 33% is available on surface, 

underground and some part in air [1]. This limited water is used for drinking, cooking, cleaning, and other 

domestic usage of 7.8 billion people around the world.  The world population in 2050 is projected to be 

10 billion people and there is no other fresh water source available in the world [2]. Statistic shows that 

71% of the total world population (4.3 billon people) are living under severe to moderate water scarcity 

[3]. The number of people facing severe water scarcity for at least 4 to 6 months per year is 1.8 to 2.9 

billion. Half a billion people face severe water scarcity all year round. Of those half-billion people, 180 

million lives in India, 73 million in Pakistan, 27 million in Egypt, 20 million in Mexico, 20 million in 

Saudi Arabia, and 18 million in Yemen [4]. The quantity and quality of fresh water required for domestic, 

irrigation and industrial use has reduced to an alarming level in different parts of the world due to 

increased population and unprecedented industrial growth [5].   

 Pakistan is also facing water shortage problems in its different cities including the Capital city, 

Islamabad [6]. The issue of water scarcity is also recently addressed by the Supreme Court of Pakistan 

and stressed the need to build dams to save water for our future generations [7]. The need for water 

conservation at domestic and industrial level is the demand of today. Industries such as paper mills, 

marble and tiles manufacturing, refineries, fertilizer manufacturing and power plants use large amount of 

underground water that is drained without treatment or recycling.  

 Similarly, carwash stations have taken a shape of an industry as these stations have spread in a huge 

number in different cities of Pakistan [8]. This is due to the increase of production by car manufacturers 

and annual demand of consumers for cars put huge traffic on roads and car washing facilities [6]. This 

research work has addressed the need to treat the wastewater from carwash stations and make it suitable 

for car washing again. In this paper, the results of wastewater treatment have been shown. The wastewater 

was treated in a lab scale filtration unit.   
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II. METHODOLOGY 

There is no actual data to report number of carwash station in Peshawar, however it is our hypothesis 

that the number is in thousands[9]. For our experiments we selected random carwash station and collected 

data based on our requirements.  The wastewater samples were collected from ten carwash stations 

operating in Peshawar city. Each Batch of sample was 27 liters in capacity from each station. The water 

samples were first analyzed to examine the proportion of contaminants in it. The main contaminant to be 

removed from wastewater was oil and grease content in it, and this was to be removed by introducing 

organoclay in filtration unit. After the analysis, the wastewater was treated using an indigenously designed 

low cost wastewater treatment unit comprising of sedimentation and a filtration unit. Sedimentation was 

done before filtration to lower the amount of suspended particle and void blockage of filtration unit. Table 

3.1 shows the analysis results of carwash stations sample before filtration. While table 3.2 shows the 

analysis results after filtration. The focus was to pass the wastewater from filtration unit and examine the 

oil content retention through it when it passes from the layer of organoclay. 

 

2.1 Process Description 

 

Wastewater from carwash station is feed to the sedimentation tank in feed inlet portion for water to retain 

for at least an hour. From there it was passed on to the designed filtration unit. The filtration unit was 1.2-

meter-long consisting of nine layers of solid particle species as a filter media. At the top of the filtration 

unit a layer of 5cm of stone having 10 mm diameter was present, the purpose of which was to reduce the 

speed of water falling on filter media below this layer. The second 10cm layer was of gravel having 2mm 

diameter to retain small sediments from wastewater, then a 10cm third layer of coarse sand particles 

having 1mm diameter was used for retaining the non-visible particles present in wastewater. The fourth 

layer of 2cm was of organo-clay/activated clay 500-micron size for oil grease particle removal. The fifth 

and sixth 10cm layers were of fine sand 125-micron and 250-micron sizes for retaining the upper filter 

media. In the second last portion gravel having 2mm and 4mm diameter with 10cm layers are placed for 

holding the filter media and all small particles of filtration unit from entering the water tank. In the last 

10mm stone are present for upholding the upper filter media. Collecting tank with the capacity of 33 liters 

is present just below the filtration unit for collecting the filtered water. 

 

First portion of filtration unit is water retention space having the capacity of 14 liters of water where water 

is retained for some time while the water passes on from different beds of the filtration unit. Filtration 

unit is composed of different layers of filter media whose size and layer depths are already described. The 

filtered water is stored in the water tank fitted just below the filtration unit at a rate of 13.49min/liter. This 

rate of filtration was meant to change with time because of possible blockage factor of upper most filter 

media due to small particle in water. Figure 2.1 shows the complete filtration unit that was used for 

treatment of wastewater and removal of oil/grease content from carwash wastewater using organoclay as 

new item added to filtration unit. 
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Figure 2.1 Complete Filtration Unit. 

 

III. RESULTS AND DISCUSSION 

 The quantity of wastewater collected from each station was 27 liters, 1000 milliliter samples was use 

for laboratory analysis and remaining was used for filtration purpose. Each sample was compared with 

the tape water standards. The results obtained are given below in Table 3.1. Where TS stands for Total 

Solids, TSS stands for Total Suspended Solids, TDS stands for Total Dissolved Solids and its values are 

given in Parts per millions, PPM. While Hardness, alkalinity and oil content is given in Milligram per 

liter (mg/l) and Turbidity in Nephelometric turbidity Unit, NTU. If we look at the results of tape water, 

TS of tape water is 505 ppm, TSS is 61 ppm, TDS is 444 ppm, Turbidity is 0.6 NTU, pH is 7, Hardness 

is 140.4mg/l, Alkalinity is 210 mg/l And oil Content is water is zero. All the other results are compared 

to this standard value of tape water in below table. 
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Table 3.1 Results of wastewater samples at collection points of carwash stations. 

S.No Station 

Name 

TS 

(ppm) 

TSS 

(ppm) 

TDS 

(ppm) 

Turbidity 

NTU 

pH Hardness 

(mg/l) 

Alkalinity 

(mg/l) 

Oil 

(mg/l) 

1 Shinwari 

Service 

Station 

1590 821 769 253 7 321.6 250 26 

2 Liaqat 

Motors 

Services 

Station 

2888 2017 871 1064.8 6 341 1120 18 

3 Abaseen 

Service 

Station 

2667 1967 700 697.97 7 315.6 297.5 20 

4 Khan Car 

Wash Ring 

Road 

888 211 677 907.5 8 192 245 12 

5 Smart Car 

Wash 

877 222 655 379 7 170 342 8 

6 Gulf Car 

Wash 

2234 1341 893 451 7 159 260 12 

7 Muskan 

Car Wash 

2134 1364 770 659 8 320 429 22 

8 Shah 

Service 

Station 

1321 567 754 983 7 259 346 13 

9 Qazi 

Brothers 

Service 

Station 

965 241 724 347 6 180 532 23 

10 Zahid 

Jamal Car 

Wash 

1200 453 747 756 7 223 317 32 

11 Tape 

Water 

505 61 444 0.6 7 140.4 210 0 

 

The results obtained after filtration are given in table 3.2. where if we look at shinwair service station 

results the Total solids in wastewater reduced from 1590 mg/l to 543mg/l, Total suspended solids reduce 

from 821mg/l to 98mg/l, Total dissolved solids reduced from 769mg/l to 445mg/l, turbidity reduced from 

253 NTU to 2.7 NTU, pH increased from 7 to 8, Hardness reduced from 321.6mg/l to 120mg/l, alkalinity 

reduced from 250mg/l to 220mg/l, while the oil content reduced from 26mg/l to 0. 
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Table 3.2 Results of wastewater after filtration process. 

S.No Station 

Name 

TS 

(ppm) 

TSS 

(ppm) 

TDS 

(ppm) 

Turbidity 

NTU 

pH Hardness 

(mg/l) 

Alkalinity 

(mg/l) 

Oil 

(mg/l) 

1 Shinwari 

Service 

Station 

543 98 445 2.7 8 120 220 0 

2 Liaqat 

Motrs 

Services 

Station  

536 87 449 2.1 8 133 231 0 

3 Abaseen 

Service 

Station 

534 80 454 2 9 135 243 0 

4 Khan Car 

Wash Ring 

Road 

545 78 467 1.8 9 140 245 0 

5 Smart Car 

Wash 

548 87 461 1.6 8 160 242 0 

6 Gulf Car 

Wash 

547 75 472 1.7 8 173 262 0 

7 Muskan 

Car Wash 

527 82 445 1.9 8 156 294 0 

8 Shah 

Service 

Station 

553 80 473 1.8 9 145 234 0 

9 Qazi 

Brothers 

Service 

Station 

518 70 448 1.2 8 153 232 0 

10 Zahid 

Jamal Car 

Wash 

521 72 449 1 9 167 231 0 

11 Tape 

Water 

505 61 444 0.6 7 140.4 210 0 

 

IV. CONCLUSION 

 Analyzing the results show that the TS, TSS and TDS reduced at higher rates while pH slightly changed 

from 7 to 8, hardness and Alkalinity reduced at slightly lower rates while the oil content was completely 

removed, this was because of organoclay as filter media in filtration unit. The results obtained are almost 

the same as standard tape water. Hence the main purpose of our filtration was achieved by removing the 

oil content from wastewater using the organoclay as our filter media. Previously the oil content was not 

removed from same type of filtration unit where organoclay was not used as filter media. 

 As can be seen from the analysis the water will be perfectly safe for washing cars only because the 

resulted water quality is almost same as tape water. The main factors were turbidity, total suspended solids 

and oil content which have been reduced up to 98.93%, 88%., 100% respectively. The hardness decreases 

up to 120 mg/l which is equal to the standard value for tap water and according to WHO Standard the 

range of hardness is from 20-200 mg/l. Therefore, there will not be a problem in using soap during the 

car wash. The pH slightly increases but this will not be a problem as it is not to be used for drinking 

purpose. Since water cannot be recycled for indefinite times so this water must be at most changed with 

fresh water after 3 days. 
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 If approved and applied to the service stations, it can reduce the water consumption up to great extent. 

As one of the major problem now a days is the scarcity of fresh water in major cities of Pakistan. Washing 

the cars with the ground water under such circumstances makes no sense. With the decrease in the 

consumption of water, more fresh water will be available to the humans rather than to cars. Hence lifeline 

of underground water table will last for future generations ahead. 

 If the government is willing to give any policy regarding the use of fresh water then most service 

stations will adopt this model of recycling the water in order to save fresh underground water as needs of 

human should be much more respected than needs of cars. Other areas where this recycling system can 

be proposed is paper making industry, PVC pipes manufacturing units, Tiles making plants, urban 

sanitation, and water management units. 
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Abstract— This research experimentally studied the composite nanofiltration membrane and its application for the 

removal of electrolytes and E. coli from groundwater. A novel flat sheet PIP-CSP/TMC nanofiltration membrane was 

synthesized following the previous published work. The experiments were conducted at a lab-scale on cross-flow 

membrane and each experimental runs were carried out for 2.5 hrs under different operating parameters ranges: 

pressure (1-5 bar). The effects of pressure on rejection, recovery and flux were determined. An electrolyte solution of 

0.25 wt. % KCl, was passed to test the membrane for pure water flux and solute rejection.  Single binary solution shows 

rejection of K+1 (26%), and Cl-1 (95.5%), with a pure water flux upto 124 L.m⁻ ².hr⁻ ¹, permeance of 42.8 L.m-2.h-1.bar-

1 and feed recovery of 67.7%. The model solution of an E.coli after passing through membrane gives an e.coli rejection 

(97 %) with pure water flux up to 173 L.m-2.h-1, permeance of 45 L.m-2.h-1.bar-1 and feed recovery of 67%. This percent 

of recovery ratio evaluates the antifouling property of membrane. 

 
Keywords— electrolytes; e.coli; KCl; treatment of ground water; recovery. 

I. INTRODUCTION 

Enlarged amount of water is needed to assist the industrial development and population density 

[1]. The 2.5% of earth’s clean water is jeopardized due to rapid and continual increase in global demand 

for clean water in industrial, agricultural and domestic sectors [2-3]. WHO estimates that 1.1 billion 

people lack the availability of clean/drinking water [4]. From a report study of world water crises, by 

2030 more than 3.9 billion people will live in “water scarcity” regions [5]. Beside this, groundwater gets 

contaminated when they pass through different channels. These contaminants have an adverse effect on 

human health [7]. To overcome the problems of water scarcity and availability of clean drinking water, 

treatment of mild salinity water resources can provide high quality water [4,6]. 

NF membranes have been used since long for wastewater treatment. Weng et al. studied the 

behavior of ESNA NF membrane at 25ᵒC, 3 – 20 bar, 6.4 – 6.6 pH, in a cross flow mode for rejection of 

anions and cations from ground water [8]. L.Shao et al. used hollow fiber NF membrane and demonstrate 

rejection of different salts in order of R(Na2SO4) > R(MgSO4) > R(NaCl) > R(MgCl2) with high resistance 

of pressure [9]. Jalanni et al. carried out experiments on polyester NF membrane and studied rejection of 

monovalence ions (NaCl) and divalence ions (Na2SO4). Because of electromigration effect and higher 

valence counter ion, rejection of NaCl is found to be lower than Na2SO4 [10]. Micah et al. considered a 

cross flow TFC-PEG20K NF membrane for desalination of water. He studied that membrane show 

separation efficiency for NaCl(35.7±3.1%) and Na2SO4 (91.1± 1.8%) at 6 bar with higher water flux 

(81.1±6.4 L.m-2.hr-1) [11]. Samee M.A, Harasek.M., Friedl.A., et al. study experimentally the separation 

of single and complex electrolyte mixtures by using NF(MPF-30) membrane in cross flow mode. From 

their study, a rejection of divalent SO4
-2 ion is from (96-99 %), Mg+2 (90-98%), Cl-1 (70-95%), and Na+1 

(52-89%) under the operating pressure of 32 bar and 60ᵒC temperature [12]. Alberto et al. mathematically 

investigate the function of FO-NF system for the treatment of waste water. The active NF membrane area 

was 700m2. This design achieve water recovery up to 85% by using Na2SO4
 and MgCl2 as a draw solutes 

[13]. 
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II. METHODOLOGY 

Experiments were conducted at lab scale on membrane operating in a cross flow mode. Model solution 

of KCl and E.coli were prepared having a fixed initial concentration of 0.25 wt.%. all the experiments 

were conducted in a recirculation mode. The operating pressure ranges from 1-5 bar. Concentration of 

ions were analyzed using Spectrophotometer while the pathogens were detected using culture method.       

                     
                                Figure 1: Experimental setup 

 

III. RESULTS AND DISCUSSION 

A. Rejection of KCl through nanofiltration membrane 

With increase in applied pressure, the rejection and flux increases. The rejection of K+1 is found to be 

very low in range from 8 – 26%. From table:1, it can be observed that at pressure ≥ 3, the rejection of K+1 

show very less change in rejection. Because of counter ion, K+1 show less rejection. The monovalent co-

ion Cl-1 show high rejection from 53 – 95.5% in response to maintain the electro neutrality condition. 

With an increase in pressure the feed recovery is also increasing which shows that membrane is more 

efficient to remove electrolytes at high recovery rate without decline in flux. This parameter highlights 

the antifouling property of membrane. From literature, the reduction or less retention of K+1 ion could be 

due to its less interaction with other ions, due to which it’s chemical potential get reduces by electrostatic 

exclusion. At low salt concentration, the electrostatic exclusion influences the separation ability of 

membrane [14]. 

 

              Table:1 Parametric study of KCl through nanofiltration 

Pf   

(bar) 

Flux, J 
(L.m-2.hr-1) 

Rk 

(%) 

RCl 

(%) 

Retentate Flow 
(L.hr-1) 

Permeance, P 
((L.m-2.hr-1.bar-1) 

Feed Recovery 
(%) 

1 32 8.510 52.5 41.408 50.37215745          29.4 

2 51 18.085 71.4 37.77108434 44.6235892          41.4 

3 80 24.978 80.57 35.97485542 43.744242          48.8 

4 98.2 26.468 89.04 34.52207228 43.80187605          58.1 

5 124 26.811 95.47 27.11443374 42.85719767          67.7 

 

B. Rejection of E.coli through nanofiltration membrane 

The PIP-NF membrane show high rejection of microbial contaminants from ground water than UF. The 

water sample containing e.coli was passed through NF membrane under the same operating condition as 

specified for the other experiment. The membrane show 97% rejection of an e.coli with a flux of 173.651 

L.m-2.h-1 and water recovery of 59.5%, as shown table: 2.This membrane shows a high antibacterial 

characteristics. The concentration of e.coli for the membrane permeate and retentate remains unchanged. 
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            Table:2 Parametric study of E.coli through nanofiltration 

Pf   

(bar) 

Flux, J 
(L.m-2.hr-1) 

RE.coli 

(%) 

Retentate Flow 
(L.hr-1) 

Permeance, P 
((L.m-2.hr-1.bar-1) 

Feed Recovery 
(%) 

1 88.8140 85.0 34.516 44.0 19.4 

2 99.4187 88.0 27.104 45.0 27.6 

3 128.581 92.0 23.360 45.7 41.4 

4 148.465 93.0 22.665 46.0 49.2 

5 173.651 97.0 21.902 45.3 59.5 

 

IV. CONCLUSION 

The rejection of monovalent K+1 is less than all the other ion because it possess a high diffusivity than Cl-

1 ion. Another reason for the low rejection of K+1 ion is because it is counter ion. Membrane show a high 

rejection for microbial pollutants, but the presence of these contaminants can cause degradation to 

membrane surface. A proper cleaning process of membrane was adopted after each experimental run of 

individual samples.  

  The percent recovery and permeate flux increase with increase in applied pressure. However the flux 

of all the samples were found to be almost same upto  173.6 L.m-2.h-1.With an increase in pressure, the 

rejection of solute ions increases. The percent recovery offered by novel NF membrane increases from 

upto 67% of its feed. 
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Abstract-Population growth is usually accompanied by growth in infrastructural development, casuing increase in 

demand for marble products for ornamental purposes such as flooring titles, décor products and kitchen toppings 

etc. Pakistani marble is known for its quality and availability to fulfill global demands. During the extraction and 

processing phase of marble ore, marble waste is generated in the form of slurry and aerosols casuing water 

contamination and air pollution. Hence, a symbiotic approach is needed to be adopted in order to reduce harmful 

impacts in short and longer time spans. The focus of this research is based on utilization of marble waste as an 

additive in fired clay bricks and treatment of flue gases (SOx and NOx) arising from chimnies as a flue gas. Marble 

wastes were collected and mixed with clay to study the compressive strength of fired clay bricks. The results revealed 

that, the uncalcined marble waste can be used as replacement of clay upto 30% and calcined marble waste can be 

used upto 40%. Marble waste used for treatment of flue gas shows 30-40% reduction in quantity of SOx. Utilization 

of marble waste will not only help in control of pollution due to marble waste but will also help in reduction of soil 

erosion. 

Keywords: Waste Marble, Calcination, Erosion, Flue Gas, Fired Clay Bricks, SOx. 

 

I. Introduction 

Pakistan has large deposits of marble in the province of KPK, Balochistan and Sindh. According to 

Pakistan stone development company there are more than 300 billion tons of marble reserves in Pakistan. 

KPK is producing approximately 53,000 tons marble monthly [1]. Pakistan is developing country and we 

are still using old technologies for mining. During mining and processing (Cutting, polishing) 50% marble 

becomes waste. The waste marble is dumped on site or discharged with waste water. Due to this waste 

marble, porosity and permeability of agricultural lands are reduced and the alkalinity of soil is increased 

which affects fertility of agricultural lands [2].The uneven sized marble is dumped on site. Dust particles 

of dumped marble slowly spread out and are causing air borne diseases in nearby areas [3]. Marble slurry 

from processing plants is contaminating ground water reservoirs and is causing water borne diseases in 

nearby areas [1]. In Pakistan old kilns are used for brick manufacturing which is one of the most 

environmentally degrading processes. A huge amount of CO2, SOx and NOx is released into the 

environment [4, 5]. Thus the marble dust waste needs to be utilized as an alternative material in 

preparation of bricks because this is economical and abundantly available locally. The objective of this 

study was to evaluate different properties of bricks and to determine the optimum replacement level of 

marble dust available locally. Marble waste utilization as replacement of clay in fired clay bricks is an 

economical solution to marble waste and soil erosion. In addition marble waste will reduce sulphur in 

flue gases from brick processing units (Kilns). 

 

 
II. Materials and Method 

Clay and marble waste used for brick preparation was collected from brick kilns and marble processing 

units in Peshawar respectively. Composition of raw material was determined using X-ray fluorescence 

(XRF) and Energy-dispersive X-ray spectroscopy. Chemical composition of marble waste and clay is 

shown in Table 1 and Table 2 respectively. . Clay and marble waste was mixed until workable 

consistency was achieved. Specimens were dried in sun for 48hrs. After drying specimens were burned 

in kiln in three stages, 200-300⁰ C followed by 500-800⁰ C and finally 800-1100⁰ C. Four tests were 

performed to find the properties of final fired clay bricks. Compressive strength was found by applying 

load with respect to brick area [6-9].   
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III.  Results and Discussion 

i. CHEMICAL COMPOSITION OF RAW MATERIAL 

It may be observed from Table 1 that Ca in marble waste is 43% and Mg is less than 2%. This shows that 

marble was rich in Ca and hence was calcite type. Table 2 shows composition of clay used for brick 

making. According to composition Si in clay is more than 20% (SiO2 47%), hence making it feasible for 

fired clay bricks. Different percentages (10-40%) of marble wastes were used in clay bricks. 
 

Table1 elemental composition (%) of Marble waste 

Marble Waste 

Composition 

C O Mg Si Ca Fe Sr Cu Ni 

9.61 42 0.66 0.34 47.38 0.331 0.076 0.060 0.048 

 

Table2 Elemental composition (%) of Clay 

Clay Composition 

C O Na Mg Al Si K Ca Ti Fe 

6.93 44.06 0.46 1.66 6.72 21.52 2.41 9.68 0.61 5.95 

 

 

ii. COMPRESSIVE STRENGTH 

It may be observed from Figure 1(a, b) that there is decrease in compressive strength of bricks with 

increase in marble waste proportion. The decrease in value is between 30 to 70% if compared to standard 

brick. The reason for decrease in compressive strength is increase in porosity of bricks with increase in 

proportion of marble waste.   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Effect of (a) marble waste and (b) calcined marble waste on compressive strength of clay bricks 

 

 

 

 

 

 

 

(a) (b) 
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iii. DESULPHURIZATION 

There is decrease in value of SO2 in flue gas after treatment with marble waste. Marble waste used for the 

desulphurizaton of flue gas shows 30-40% reduction in the SO2 value. The reason for decrease in sulphur 

dioxide concentration is the reaction between calcium carbonate and sulphur dioxide. 

 
 

IV. Conclusions 

 According to studies and tests carried out it is found that compressive strength of brick decreases with 

addition of marble waste to clay. The decrease in strength is due to increase in porosity of clay bricks.The 

decrease in strength of clay bricks is less when calcinated marble waste is used as compared to 

uncalcinated marble waste. The reason for increase in strength is due to decrease in porosity. During 

calcinations CO2 is removed from CaCO3. As calcinatination has already taken place so during brick 

firing process very limited calcination takes place. Due to limited calcination porosity of brick doesnot 

increase as much as when uncalcinated waste was used. Flue gases from brick kiln can be used for 

calcination of marble waste. According to tests performed there is 20% heat recovery from flue gases and 

40-50% reduction in SO2. Calcinated marble waste in clay bricks is an economical solution to marble 

waste utilization, soil erosion and desulphurization of flue gases. The bricks can be used in areas where 

high strength is not required. The individual brick strength must be 7Mpa according to Turkish and 

corresponding European Standards. The calcinated marble waste upto 30% satisfies requirement of 

compressive strength. 
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 

Abstract— Amount of produced water generation is growing day by day due to recent advancements in oil and gas 

drilling and production techniques. At the same time world is suffering from water crisis. To incumbent the situation, 

purifying produced water is a better option to be used to fulfill the gap. As Majority of treatment plants are running 

with high operating/capital cost or producing low quality of water. The aim of current work is to take a step forward 

in purifying produced water by a cost effective operation process design. For this case study the detail of produced 

water constituents was obtained from a local crude oil Extraction Company in Pakistan. The separation processes were 

used in combination i.e. sedimentation process for macro particles removal, hydro cyclone for oil particles separation, 

electrocoagulation unit for metal particles removal and reverse osmosis unit for removal of salinity. The mass balance 

and energy balance calculations were also determined for the treatment of 22657 Kg/hour (3000 bbl/day) of produced 

water. The results are shown, the purified water was 18703.312 Kg/hour out of 22657 Kg/hour (3000 bbl/day) of 

produced water. The overall process energy consumed was 46.667 kW. Detailed cost analysis was conducted, the 

operational cost $80,148.7 and capital cost was $288,615. On the basis of $0.0014 per liter of purified water the total 

annual income was $179,156 with a payback period of less than 2 years.  

 
Keywords — Electrocoagulation,  Produced water, Purification, Sedimentation, Separation process. 

I. INTRODUCTION 

Water shortages are experienced in many regions of the world and will be a major global consequence by 

2025[1], [2]. As the surface water is only 1.5% of the total fresh water [3]. In other hand Produced water 

(PW) is the largest wastewater source by volume generated from oil and gas fields, around 60 % of 

produced water worldwide [4],[5],[6], close to 250 million barrels per day globally [7]. Hence putting 

forward a cost-effective solution for PW is vital to the sustainable exploitation of oil resources [8], [9]. It 

is estimated that by 2030, roughly a trillion dollars would be needed for the oil production, and a major 

part of this capital would be spent on PW treatment [10]. Despite that PW has characteristics that are the 

chemical and physical properties of it, and they affected by the geological location, life time of reservoir 

etc. [11],[12]. Produced water includes: dissolved organic compounds [13],[14], dispersed organic 

compounds [15], dissolved minerals [16], chemicals Solids, and dissolved gases [17]. By having a highly 

toxic, high salinity and containing naturally radioactive components hence the PW will be particular 

environmental concern [18]. At last discharge of such contaminated water, causes immense destruction 

to the aquatic environment [19].  

The researchers are now trying to purify this produced water to become a potential resource rather than a 

waste outcome, moreover to meet produced water management under discharge regulations i.e. injection 

of produced water for Enhanced Oil Recovery (EOR) and consuming it in beneficial purposes such as 

irrigation [20], rangeland restoration, cattle and animal consumption, and drinkable water. As a solution 

the produced water will applied through an integrated treatment process considering cost effective process 

and high quality product plant design. 

As demonstrated in [2], [21], [22] several methods are found in literature for the purification of PW, there 

are the numerous technologies exist for treating industrial wastewater. These technologies range from 
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simple treatment in a settling pond to a complex system of advanced technologies requiring sophisticated 

equipment and skilled operators [23] i.e. chemical operation, Oxidation and Chemical precipitation [24], 

electrochemical process, Photo-catalytic treatment [25], and Treatment with room temperature ionic 

liquids [26]. In some cases [23], [27], [2] for primary units of the treatment process the system of 

Coagulation and Flocculation were used, in which the suspended solids and colloidal particles could be 

removed. Merely this method due to its ineffectiveness for dissolved components and the increased 

concentration of metals in the sludge formed this method isn’t always practicable and economical. 

Regarding to [27] stated that a multi-stage adsorption and separation system was developed to recover 

dispersed oil droplets in water, whose size is greater than 2 microns, with efficiency 85%. Also Cyclones 

mentioned in cases [28] for the same purpose unit but it’s with low efficiency 50-70%. For metal 

removing unit, Sand filters were used with removal efficiency 90% [23] and what making this Process 

difficult to be applied, is it’s requires series of pre-treatment steps such as pH adjustment, an aeration unit 

and a solid separation unit. Researcher interested toward finding the proper technology or combination of 

technologies adequate to treat a particular wastewater to meet federal and local requirements and yet still 

be cost-effective can be a challenging task. 

In this case study an integrated system is designed which depends on technical, environmental, economic, 

and field-specific considerations. As horizontal Sedimentation tank type is preferred which do not need 

any pre chemical units, aiming to low plant capital cost with effective settling velocity, in contract with 

previous plants using chemicals (coagulants) that will cause increasing amount of impurities in the final 

product water (low quality) [24]. Afterwards the de-oiling hydro cyclone is being used. Due to its 

discharge levels can be below 10ppm, low pressure operation, high erosion resistance, and High capacity 

designs. Then a novel separation technique that is Electrocoagulation unit is used for the purpose of 

effective removing operation of those undesired components with lower capital and operation cost, 

compact in size, generally no chemical addition, low maintenance, instantaneous treatment, easy 

operation and high automation degree and at last treat multiple contaminants at a time In other hand it 

benefits the next unit which is reverse osmosis unit as a pre-treatment for its input. Finally desalination 

has been done through reverse osmosis membrane to get product of purified water.  

II. METHODOLOGY 

A. Process selection (flow chart), 

The process flow diagram for this study integrated system is shown in the fig. 1. includes Sedimentation 

technique, which is an energy efficient methodology to remove the macro particles from the main stream 

of the produced water. Afterwards hydro cyclone is used to remove the oil particles from the coming 

stream from sedimentation tank. Hydro cyclone has some in built features i.e. exceptional removal 

efficiency of 99% and bulk oil removal -up to 20% free oil, and compact in size with no moving parts. 

From hydro cyclone the main streams further enters into electrocoagulation unit for the removal of 

metallic or inorganic particles including remaining oil particles, complex organics, pesticides and 

negatively charged salts. At last the main stream (having salts and negligible amount of other constituents) 

is then treated in reverse osmosis unit which works on the basis of pressure difference (∆P) to remove the 

salinity. For RO, polyamide synthetic membrane in spiral wound configuration is used because it is robust 

and has high mechanical integrity. Considering the limitations imposed by the local factors. 
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Fig. 1. Overall process flow diagram for produced water purification 

B. Process Design 

The first step for designing is estimating streams flow rate, each permeate (waste product) and retentate 

(main stream which is entering into next equipment) and energy consumption for equipment’s through 

the plant using material and energy balance calculations. The constituents data that is present in  the 

produced water provided by the local oil extraction company in Pakistan is shown in table 1 on the basis 

the produced water generated are 3000 bbl/day having density of 1140 kg/m3 (𝑚° 𝑖𝑛 = 22657 kg/hr). 

 

TABLE I: MASS PERCENTAGE OF CONSTITUENTS IN REFERENCE TO TOTAL PW 

Stream. 

No 

Group 1 Percentage of mass (%) of total 

produced water Group  

01 Macro Particles 3 

02 Oil Particles (>5µm) 8.4 

05 
organic and Inorganics 

contaminants 
5.1 

07 Salt Particles 2.1 

The important points considered during mass balance are the process is continuous, there is no chemical 

reaction involved, each equipment are working on its highest separation efficiency and at last the process 

is carried out at normal environmental conditions. The material balance was calculated by using (1), 

[29] :- 

 m° in+ m° gen – m° out – m° con= m° acc (3) 

Where 𝑚° 𝑖𝑛  is mass flowrate input into the each step process, 𝑚° 𝑔𝑒𝑛 is the mass flowrate generated 

during each step, 𝑚° 𝑜𝑢𝑡   is mass flowrate going out of the system, 𝑚° 𝑐𝑜𝑛  mass flow rate that is 

consumed through each equipment and at last mass flow rate accumulated (𝑚° 𝑎𝑐𝑐) in each step. By 

considering the explanation above equation (1) becomes 

 𝑚° 𝑖𝑛 –  𝑚° 𝑜𝑢𝑡 =  0 (4) 

As in each step there are two out flows 1st is retentate ( 𝑚° 𝑜𝑢𝑡 1) and 2nd one is permeate ( 𝑚° 𝑜𝑢𝑡 2), to 

find out these two we will use data from table 1.  

 Permeate ( m° out 2) = Percentage of mass* m° in (5) 

 

 Retentate ( m° out 1)=m° in- permeate (m° out 2) (6) 

By utilizing all 4 equations the overall material balance is shown in the figure 2, the purified water is 

18704 kg/hr. While all permeates are presented at each step. 
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Fig. 2. Overall material balance calculations 

 

Energy Balance concerned with energy changes and energy flow in a chemical process.The general 

energy balance equation for a process is: - 

 Energy input +Energy generation= Energy output + Energy accumulation + 

Energy consumption 

(7) 

Here in this project energy required is for Pumps, Hydro cyclone and Electrocoagulation Unit. When 

there is no generation and accumulation of energy, so the above equation reduces to (7), for calculating 

each and every equipment energy balance calculation: 

 Energy in = Total Energy consumption (8) 

First, the energy balance for each three pumps through the flow diagram, have been calculated by utilizing 

Bernoulli equation (8) [31]: 

 Δu2 ∕ 2gc + gΔz / gc +Δp / ρ + W = 0 (9) 

 

Table 2 presents the result of energy consumption of pumps regarding to (7) and (8). 

 
TABLE II: ENERGY CONSUMPTION OF PUMPS 

Pump 01 02 03 

Energy required(kW) 3 3 5 

 

Energy consumed by hydro cyclone for the duty of 3000 bbl/day of produced water = 7 kW 

The power consumed by the Electrocoagulation unit is calculated by (9), [32]:- 

 P = M x N x I x Uc (10) 

Sedimentation 

Tank 

No.3 Positive 

displacement Pump 

No.1 Positive 

Displacment Pump 

No.2 Positive 

Displacement Pump 

Electrocoagulation 

Reverse Osmosis 

Hydro-Cyclone 

Purified water 
product Tank 

Produced Water 

Waste 

Waste 
Waste 

Waste 

 1 

2 

3 

4 

5 

6 

7 

8 

9 

Line.No 1 2 3 4 5 6 7 8 9 

Stream 

Component 

Produced 

water 
Wastes Retentate Wastes Retentate permeate Retentate wastes 

Purified 

Water 

Flow Rates 

(Kg/hr) 
22657 679.71 21977.29  1846.0923 20131.189 1026.69108 19104.51 401.1946 18703.31202 
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The result of power consumed using above equation is 28.666 kW. Hence finally the overall energy 

balance calculated by (7) and (11):- 

 Energy input = Energy consumed by pumps + Energy consumed by EC unit 

+ Energy consumed by Hydrocyclone 

(11) 

Energy input = 3 kW + 3 kW + 5 kW + 7 kW + 28.666 kW = 46.666 kW 

In this project three main process equipment’s have been choose to evaluate design calculations, which 

are:- Sedimentation tank, Designing of RO membrane area, Designing of EC unit reactor and Designing 

of storage/sedimentation tank. First, As per the theory of sedimentation the settlement of a��particle depend 

upon the velocity of flow[23] , the settling velocity of a spherical particle is expressed by��Stoke’s law 

[19]and calculated by using (11) :- 
 

Where, Vs is the kinematic viscosity of fluid (m2/s) , SGs is the specific gravity of particle=1.5, SGf is the 

specific gravity of fluid=1, and d = diameter of the particle= 5 ∗ 10−5  m. The results analyzed by 

assuming data from [33] was 𝑣𝑠 = 3.812 ∗ 10−4  𝑚/𝑠. 

 

For designing of RO membrane, the area for salt rejection was calculated by (12) [34]): 

 

 Area = 
𝐹𝑒𝑒𝑑 𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒

𝑃𝑒𝑟𝑚𝑒𝑎𝑡𝑒 𝐹𝑙𝑢𝑥
 (13) 

When Feed rate is 3000 bbl/day= 476.962 m3/day, and using (17) Permeate flux Jw (m/s) was estimated 

by [18]:  

 𝐽𝑤 = 𝐴𝑤 (Δ𝑃 – Δ𝜋) (14) 

When, 𝐽w is the permeate flux; 𝐴w Permeability coefficient [35]; Δ𝑃 is Trans-membrane pressure 

difference; and Δ𝜋 is the osmotic pressure difference [36]. Hence the result is : - 

𝐽w = 0.043 m3 / (m2.day.atm) * (61.3atm – 52atm) = 0.3999 m3/m2.day 

Then 

 

 
Area=

 476.962 𝑚3/𝑑𝑎𝑦

 0.3999 𝑚3/𝑚2.𝑑𝑎𝑦
 = 1192.703 m2  

 

For Electrocoagulation reactor Designing, the basis of calculations is treatment of 20131.198 Kg/hr = 

141,192 m3/year (8000 hours per year), produced water pre-treated through sedimentation and hydro 

cyclone, and assuming at Low Pressure, Continuous flow rate and PH from 6.5 to 7.5. The stream 

processing a minimal amount of dissolved iron estimated was 4.35 kg/hr and calculated by using (14) 

[37]:- 

 
 𝑊 =  

𝑗 ∗ 𝑡 ∗ 𝑀

𝑛 ∗ 𝐹
 

(15) 

when W is the mass of electrode material dissolved (kg/hr), j=200 the current density (Amperes per cm2), 

t=75 sec; M=56 kg/kmol the relative molar mass of the electrode concerned, (n) the number of electrons 

in oxidation reaction, F the Faraday’s constant, F=96,485 Coulombs per mole. 

The current I flowing in a single cell (with a cathode and an anode) used for the production of iron ions 

by anodic dissolution was estimated by using (15) [38]:- 

 
𝐼 =   

𝑍𝑓𝑒𝑟 ∗ 𝐹 ∗ 𝑚𝑓𝑒𝑟

𝑀𝑓𝑒𝑟 ∗ 𝛷
 

(16) 

With Zfer the number of electrons involved, F the Faraday number, Mfer the atomic weight of iron, Ф the 

columbic efficiency, mfer the mass of dissolved iron. The application of relation leads to an extremely 

high current value 5265 A, it is not feasible to consider a single cell. We calculated the voltage of a cell 

by using (16) [39]:-  

 Uc=0.86+ei/k+0.20Ln (17) 

𝑉𝑠 =
1

18
 
𝑔

ʋ
 (𝑆𝐺𝑠 − 𝑆𝐺𝐹) ∗ 𝑑2 (12) 
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When e is the electrode gap, set at 3 mm, i the current density in A m-2, Ln logarithmic an the electrical 

conductivity of the effluent to be treated, here equal to 2 mS cm-1. Elementary voltage Uc is estimated at 

5.42 V. 

The electric power consumed by the electrochemical installation regarding to equation 9 is approximately 

28.667 kilowatts, Where M=20, N=50, given the hourly flow of effluent to be treated, this power 

corresponds to energy about P= 2.8 kWh m-3.  

Designing of storage /sedimentation tank there is Cylindrical tank with flat top and bottom, which Made 

from stainless steel, Working stress factor = 19580 psi = 1331.97 atm,  Joint efficiency = 1, Density of 

water = 997 kg/m3 and its V = 20 m³. Hence the design calculations are showed in table 3:  

 

TABLE III: STORAGE TANK PARAMETERS 

Parameter 
Volume 

(m3) 

Inside 

diameter 

(m) 

Height 

(m) 

Pressure 

(atm) 

Pabsolute 

(atm) 

Thickness 

(m) 

Outside 

diameter(m) 

Equation 3 (4×V/3π) D*3 𝜌. 𝑔. 𝐻 Patm +P 
Pabs × 

Di/2fj- Pabs 
Di + 2t 

Value 5.1 2.83 8.43 0.81 1.81 0.00191 2.81382 

 

C. Instrumentation and process control 

Control systems are used to maintain process conditions at their desired values by manipulating certain 

process variables to adjust the variables of interest [40]. In this case study the Control Process for the 

Overall process flow diagram of produced water purification is modified in for Figure 3. 

is concerned. As For sedimentation unit, the parameter which is considered to be controlled is Level by 

low and high level control valves. Hydro-Cyclone temperature is controlled by sensors that can be 

connected to a temperature controller and Pressure control valves with high and low level control valves, 

as results in density parameter control also. For Electrocoagulation and Reverse osmosis Temperature, 

Pressure, and PH parameters are controlled.  

 

 
Fig. 3. Overall instrumentation diagrams 

D. Process Economics 

Process economics have three basic roles in process design: (i) Evaluation of design options: costs are 

required to evaluate process design options. (ii)Process optimization: some process variables have a major 

influence on the decision making in the development of the flow sheet and the overall profitability of the 

process. Optimization of these variables is necessary. (iii)Overall project profitability: the economics of 

the overall process should be evaluated at different stages during the design to access whether the project 

is economically viable. 
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There is two types of Cost estimation: Fixed and Operational Cost estimation, which the evaluations for 

equipment’s in produced water purification process have been calculated and summarized in table 4 when 

the Fixed Cost For EC Unit is calculated by (17)[42] : 

 CF=∑ [(𝐹𝑚. 𝐹𝑝. 𝐹𝑡)(1 + 𝐹𝑝𝑖𝑝)]𝑖𝐶𝐸, 𝑖𝑓 + (𝑖 𝐹𝑒𝑟 + 𝐹𝑖𝑛𝑠𝑡 + 𝐹𝑒𝑙𝑒𝑐𝑡 +
𝐹𝑢𝑡𝑖𝑙 + 𝐹𝑜𝑠 + 𝐹𝑠𝑝 + 𝐹𝑑𝑒𝑐 + 𝐹𝑐𝑜𝑛𝑡 + 𝐹𝑤𝑠) ∑ 𝐶𝐸, 𝑖𝑖  

(18) 

For calculating operating cost different types of equation were studied as well it includes the maintenance 

cost. 

TABLE IV: COST ANALYSIS OF OVERALL PROJECT 

Stream.No Equipment name 

Company 

equipment 

cost (CE) ($) 

Capital 

cost/fixed cost 

(CF) ($) 

Operating cost 

($)/day 

1 Sedimentation  1100 1100  

2 Hydro cyclone  14000 72380 20.16 

3 Electrocoagulation 5500 28435 167 

4 Reverse-Osmosis  120737+53000 120737+53000 47.6  

5 Pump-01 136 788.8 8.64 

6 Pump-02 136 788.8 8.64 

7 Pump-03 250 1450 14.5 

 

When the results of calculation estimated as follow:- 

Total Capital Cost =$288,615 

Total Operational Cost =$80,148.7 

Total investment for first year =$368,763 

Total annual income (325days, basis $0.0014 per liter of purified water) =$179,156 

Simple Payback period = 2 Year 

The breakthrough point can be seen from figure 6 which is less than 2 years a positive sign of carrying 

out this significant project. 

  

 

 
 

 

 

 

 

 

Fig.4. Breakthrough point for the overall project cost analysis 

 

IV. CONCLUSION  

As the world is going through water crisis, treatment of produced water can greatly help to counter control 

the current situation of drinkable water shortage and will also reduce the increasing water pollution. 

Treated produced water can be a saleable commodity which will greatly improve the economics of oil 

and gas extractions companies. Produced water treatment by integrated process was investigated in this 

current study. It is demonstrated that the integrated system of different purification techniques can 

efficiently remove particles from produced water. The benefits of this integrated system are higher 

permeate quality and flux, high rejection rates and no chemical cleaning needs. Water purified through 
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this process was 2477 bbl/day out of 3000 bbl/day. Total investment for the first year is $368,763 for both 

fixed and operational cost. While considering a very low base for selling the purified water $0.0014 per 

liter of purified water even not considering other raw permeates for selling, the annual income is 

$179,156. The calculated simple payback period is 2 years. The breakthrough points is find out which is 

less than two years a positive feedback at last for the conducted project. 
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Abstract—Metallic pipe lines are subjected to corrosion due to its wide spread applications in process industries, a 

major means to transport fluids especially water. Consequently, the cost of the project increases due to frequent 

maintenance, pipe wall rupture and valuable product loss. Nevertheless, corrosion of the pipelines contaminates the 

discharge water, thus, leading to environmental and ecological concern. Corrosion inhibitors i.e. hydrazine and or 

sulfite salts are traditionally used in boiler metallic facilities to reduce the extent of corrosion as an economical and 

reliable approach. However, literature has revealed that hydrazine is a carcinogenic chemical and need to be replaced 

by an environmental friendly alternative. Two methods i.e. weight loss method, and Tafel test technique was used in 

the current study to investigate the effect of cyclohexylamine (green alternative) in evaluation of corrosion inhibition 

efficiency (CIE) as compared to hydrazine. The CIE of hydrazine at 0.5, 1.0 and 1.5 g/L of water sample was compared 

with the same concentration of cyclohexylamine. Results manifested that the CIE of cyclohexylamine was slightly 

higher as compared to hydrazine using weight loss method. Tafel test method also depicted the same trend. The highest 

CIE was observed for 1.5g/L of water sample in both the methods for cyclohexylamine which was recorded as 92 and 

93.4% respectively. In conclusion, cyclohexylamine is not only a good replacement in term of CIE, but also provide 

toxic free working environment in boiler facilities. 

 
Keywords—Green corrosion inhibitor, cyclohexylamine, boiler feed water, Hydrazine. 

I. INTRODUCTION 

Metals and alloys such as; iron, stainless steel, mild steel, aluminum etc.are the commonly used material 

of construction for process equipments, which faces the problem of corrosion especially in dissolved 

oxygen rich atmosphere. Effective and good corrosion inhibitors extend the service life of the equipment 

and machinery [1]. 

Among the available corrosion inhibitors, sodium sulfite is widely used to scavenge oxygen in boiler 

water system specifically at low pressure due to its nontoxic nature and relatively easy to apply. However, 

in boiler water considerable solids (sulfate salts) is added with the usage of sodium sulfite limiting its 

application in system with high purity boiler feed water [2]. 

Hydrazine is also widely used to reduce corrosion rate in boilers despite of its geno-toxic carcinogenic 

quality. In 2006 the international conference on chemicals management decided to adopt a strategic 

approach to international chemicals management [3]-[4]. The European Union has to implement the new 

regulation and limitation of chemicals to acquire the world targets on sustainable development by 2020, 

in this regard hydrazine is among the controlled chemicals and it was recommended to find an alternative 

for its replacement[2]-[5].The development of “green” corrosion inhibitors are of interest, which requires 

the knowledge of the home country regulations, good corrosion protection for the inhibitor in the 

application area and the assessment of the environmental performance to which the product will be 

exposed. 

In current work, cyclohexylamine (Amine-based compound) is evaluated as an alternative to hydrazine 

to scavenge oxygen in corrosive atmosphere for its advantage of forming a stable passive/protecting 

magnetite film on the metal/alloy surface such as; low carbon steel which lower its corrosion rate. In 

addition, other merits include its low toxicity and high volatility. Furthermore when used in boiler water 

feed systems, old deposits are removed without any damage and provide effective heat transfer and energy 

savings [6].  
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II. METHODOLOGY 

Boiler feed water from Bestway Cement Farooqia Plant Taxila, Pakistan was investigated in this work 

for corrosion phenomenon. Experiments are repeated (3-4) times by varying the concentration of 

corrosion inhibitors. Two methods were used to compare the corrosion inhibition efficiency (CIE) of the 

corrosion inhibitors; Weight Loss method and Tafel Test method. First, we performed control 

experiments to measure the corrosion rate of boiler feed water (sample water), then in the following 

experiments   corrosion rate of sample water was measured adding different concentration (0.5, 1.0 and 

1.5 g/L) of the Hydrazine, as corrosion inhibitor. The obtained results were compared with the suggested 

green alternative cyclohexylamine (in the same concentration; 0.5, 1.0 and 1.5 g/L) results. 

 

Weight Loss Method: 

A piece of corroded mild steel was taken from the stated industry (Bestway Cement Farooqia Plant Taxila, 

Pakistan), the rust is removed with the help of grinder pad (SiC emery paper). After measuring its 

dimensions and recorded its weight on weight balance, the mild steel pieces are dipped into sample water 

(controlled solution with no inhibitor), hydrazine solution and cyclohexylamine solution for 5 days (120 

hr) as shown in Fig.1.Then, the samples were removed from their respective solution, the corroded part 

was removed with the help of a grinding pad and the sample weight was measured again. The measured 

data of sample dimensions (area), weight loss, sample density and exposure time was used to calculate 

the corrosion rate. 

 

Tafel Test Method: 

The same corroded mild steel piece was also evaluated by conducting Tafel Test and the rust is removed 

with the help of grinder pad. One surface of the mild steel piece (Working Electrode) was insulated by 

epoxy followed by dipping in hydrazine and cyclohexylamine solution of different concentration. During 

the experiments, the reference electrode (Calomel; Ag/AgCl) and counter electrode (Platinum Wire) was 

also dipped in the hydrazine and cyclohexylamine solution(Fig.2).The three electrodes in the 

electrochemical cell were connected with the Gamry instrument shown in Fig.3 (Reference 3000; 

Potentiostat/Galvanostat/ZRA)which give Tafel graph from which corrosion rate was calculated. 

 

 
 

 

 

 

 

Fig. 1. Mild steel piece in 

solution for Weight Loss 

method

Fig. 2. Tafel Test 

setup

Fig. 3. Gamry

Instrumnet
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III. RESULTS AND DISCUSSION 

 

(i) Weight Loss Method: 

The following formula [7] was used for the corrosion rate determination 

 

𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 =
534∆𝑊

𝜌𝐴𝑡
              (1) 

 

Where, W= Loss in weight (difference in initial and final weight, (mg)) 

=Density of the mild steel sample (7.78 g/cm3) [7] 

A = Area of the mild steel (cm2) 

t= Exposure time of the mild steel sample in solution (120 hr) 

 

Table I: The corrosion rate of different solution in the weight loss method 

Solution 
Control 

solution 
Hydrazine (g/L) Cyclohexylamine (g/L) 

  0.5 1.0 1.5 0.5 1.0 1.5 

W (g) 0.48 0.144 0.056 0.021 0.114 0.034 0.013 

Area (cm2) 0.013 0.013 0.01 0.006 0.013 0.007 0.005 

Corrosion Rate (mpy) 21.6 6.3 3.05 2.0 5.2 2.8 1.53 

% decrease in 

corrosion rate 
- 71.0 86.0 91.0 76.0 87.0 93.0 

 

Table I showed the corrosion inhibition efficiency of the control, hydrazine and cyclohexylamine 

solution. It reveals that the corrosion rate decreases as concentration of inhibitor increases. For the same 

concentration the cyclohexylamine have greater corrosion inhibition efficiency (CIE) as compared to 

hydrazine. The reason behind this trend is the pH control (pH of solution decreases from 9-12 in case of 

cyclohexylamie and 9-10.5 in case of hydrazine) of the solution and the passive nature of 

cyclohexylamine that form a passive magnetite film to retard the corrosion as nitrogen in the 

cyclohexylamine molecule makes coordinate covalent bond with the Fe2+ ion of metal (Chemisorption 

bonding Fe2+—N—complex)[8]-[9]. As a result cyclohexylamine has both anodic and cathodic inhibition 
[10]. 

 

Tafel Test Method: 

We used the following Tafel equation [11] to calculate the corrosion rate 

𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 =  
𝐼𝑐𝑜𝑟𝑟∗𝐾∗𝐸𝑊

𝜌∗𝐴
          (2) 

 

Where, Icorr=corrosion current (Amps) 

K = constant (3272 mm/(amp-cm-year)) 

EW= equivalent weight (g) 

 d= density of the sample (g/cm3) 

A= area of the sample (cm2) 

The corrosion current (Icorr) was calculated from the following equation [11] 

𝐼𝑐𝑜𝑟𝑟 =  
1

2.303 ∗ 𝑅𝑝 [
(𝛽𝑎𝛽𝑐)

(𝛽𝑎 + 𝛽𝑐)]⁄
 

Where, Rp= polarization resistance = 1.111*105 cm2/A 

a= Tafel constant (anodic β, volts/decade) 
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c= Tafel constant (cathodic β, volts/decade) 

 

The Tafel graphfor each solution is given below; 

 

 
Fig 4. (a) Tafel graph of sample water, (b) corrosion rate of sample water 

 

Fig.4 (a, b) illustrate the graph of water sample with both anodic and cathodic areas. The pH of water is 

9 showing its basic nature. The calculated corrosion rate of sample water is 24.13 mpy. 

 
Fig. 5. (a) Tafel graph of Hydrazine (0.5g/L)in water sample, (b) Corrosion rate of Hydrazine (0.5g/L) 

 

Fig.5 (a, b) showed the Tafel graph and corrosion rate of hydrazine (0.5 g/L in water sample). The pH of 

water sample increases from 9 to 10.5 on addition of Hydrazine, illustrating the basic nature of the 

solution. The measured corrosion rate of hydrazine was 5.62mpy, meaning the CIE of hydrazine 76.69%. 

(a) (b)

(a) (b)
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Fig. 6.(a)Tafel graph of Cyclohexylamine(0.5g/L) in sample water, (b) Corrosion rate of 

Cyclohexylamine. 
Fig.6 (a, b) is the Tafel graph and corrosion rate ofcyclohexylamine solution (0.5g/L of water sample). 

The pH of the solution is 12 and corrosion rate is 4.264 mpy. The anodic portion showed some passiveness 

(potential is increased to more positive value) which is due to the protective magnetite film formation on 

the metal surface which inhibit corrosion rate[8]. 

 
Fig. 7.(a)Tafel graph of Hydrazine (1.0 g/L) in sample water, (b)Corrosion rate of Hydrazine 

Fig. 7 (a,  b) demonstrate the Tafel graph and corrosion rate of hydrazine solution (1g/L in sample water).  

It showed a corrosion rate of 2.861 mpy (88% CIE), which is less compared to hydrazine solution of 

0.5g/L in water sample. As concentration of hydrazine increases the pH of solution also increases due to 

the alkaline nature of hydrazine, which in turn decrease the corrosion rate [12].  

 

(a) (b)

(a) (b)
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Fig. 8.(a)Tafel graph of Cyclohexylamine (1.0g/L) in sample water, (b) Corrosion rate of 

Cyclohexylamine. 
Fig. 8 (a, b) is the Tafel graph of cyclohexylamine (1.0 g/L in water sample). It showed that the corrosion 

rate is 2.481 (89.71% CIE) which is less than that of hydrazine solution (1.0 g/L of water sample). The 

passive region increases as concentration of cyclohexylamine solution increases because it increase the 

chance of coordinate covalent bonding of passive magnetite film (Fe2+—N—complex) with metal surface 

retarding the oxidation of Fe2+ ion with oxygen[8]. 

 
Fig. 9.(a)Tafel graph of Hydrazine (1.5g/L) in sample water, (b) Corrosion rate of Hydrazine 

 

Fig. 9 (a, b) is the Tafel graph and corrosion rate of hydrazine (1.5 g/L in sample water). The corrosion 

rate of hydrazine solution is 1.503 mpy (93.78 % CIE).  

 

(a) (b)

(a) (b)
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Fig. 10.(a)Tafel graph of Cyclohexylamine (1.5g/L) in sample water, (b) Corrosion rate of 

Cyclohexylamine 
 

In Fig.10 (a, b) the Tafel graph showed the lowest corrosion rate which is 1.341 mpy (94.44 % CIE) for 

cyclohexylamine concentration of 1.5g/L in sample water. It is because of higher concentration of 

cyclohexylamine would largely inhibit both anodic and cathodic surface of metal making passive 

magnetite film[8]. 

 

TableII. The corrosion rate of different solution in Tafel Test Method 

Sample No Control 

solution 

Hydrazine (g/L) Cyclohexylamine(g/L) 

0.5 1.0 1.5 0.5 1.0 1.5 

Corrosion Rate (mpy) 24.13 5.62 2.86 1.50 4.26 2.48 1.34 

% decrease in 

corrosion rate 

 76.7 88.2 93.8 82.3 89.7 94.5 

 

Table II show CIE’s of different solution shaving same trend as shown in weight loss method (Table I). 

It reveals that cyclohexylamine has CIE slightly greater than that of hydrazine. Cyclohexylamine 

solution (PH=12) is more basic than hydrazine solution (PH=10.5) and also form larger protective film 

compare to hydrazine making solution less corrosive.   

 

Discussion: 

The data illustrated that hydrazine showed its highest CIE at 1.5 g/L in water sample which is 93.8 % and 

cyclohexylamine has 94.44 % CIE at 1.5 g/L of sample water. As the concentration of both the solution 

increases the CIE also increases because of their well established passive film over the surface of mild 

steel. The concentration of film forming inhibitor must be as high as to cover the whole surface of mild 

steel otherwise pitting will be enhanced [8]. Mechanism of corrosion inhibition of Cyclohexylamine is 

mixed inhibition (both anodic and cathodic inhibition)and having larger passive film forming 

(chemisorptions) capability while hydrazine has only anodic inhibition[10]. The passive film formation in 

hydrazine is less compare to cyclohexylamine which make it slightly less effective than 

cyclohexylamine[8]-12]. 

 

(a) (b)
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IV. CONCLUSION 

In the study the proposed "green alternative" cyclohexyleamine showed highest CIE than Hydrazine, 

because, cyclohexyleamine generate larger passive magnetite film which helps in corrosion inhibition. 

Moreover, cyclohexylamine is less toxic, which made it a good and green alternative to hydrazine. 
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Abstract-A number of studies have been carried out in order to utilize waste marble powder as partial replacement 

of sand in concrete blocks to increase strength and reduce cost. These studies concluded that 40 percent marble powder 

can be optimally used for maximum strength and workability. However Commercial scale application of waste marble 

powder incorporates a number of problems like transportation,  mixing of hard lumps present in slurry, removal of 

plastics , marble stone scrap and other wastes from the slurry, workability problem in concrete block pressing machine. 

This study is aimed specifically to find suitable low cost methods and processes to make the commercial usage of waste 

marble slurry, or powder feasible. Types of mixers and sieves have been discussed for easy processing of marble waste. 

 

Keywords: Waste Marble; proceesed waste marble powder, workability, and concrete mixing. 

 

I. Introduction 

Residence is the basic necessity of human beings for which entire human race is striving since stone 

ages. Construction is therefore one of the ever expanding industry. Marble stone is one of the most 

important raw material for this industry used for different purposes. in modern world marble is widely 

used as tile both in floor and walls although no specific data is available about the consumption of 

marble stone, however a very careful survey from Pakistan stone development corporation states that 

more than six thousands tonne of marble is excavated daily from Khyber  Pakhtunkhwa  province of 

Pakistan only. This huge amount of stone is processed in 8 marble industrial states of KPK, as well as is 

transported to other parts of the country and abroad also. The processing of marble stone is done in a 

very old fashion, with lot of flaws and deficiencies. About 25 to 40% of processed marble stone goes to 

waste. Two main types of wastes are produced: 

Scrap or large aggregates: This type of scrap or waste is generated during the mining or blasting, they 

are smaller pieces of stone which can’t be processed for tiles. This type of waste is also produced during 

resize of the tiles. Some grades of this waste are used as low cost alternative in construction while some 

grades are used in grinding, ball and impact mills for calcium powder. 

Waste marble slurry: Approximately 85-95% of waste produced consists of waste marble slurry. This 

slurry produces during cutting, polishing, resize. A number of lab scale and pilot scale studies have been 

carried out in order to utilize and consume this waste, but none is successful for commercial scale. And 

millions of tonnes waste slurry is being dumped every year. The aim of our study is to address some of 

the reasons, why commercial scale application is unsuccessful. 

Clay Waste marble powder is very sticky in nature with excellent adhesive properties. These adhesion 

properties sometimes create a lot of problems. And the other factor related to marble waste slurry is that 

it contains about 30 to 40 % water content. Following problems arises during the processing of waste 

marble powder commercially. 

Transportation: It is not feasible to carry extra 30 to 40 % moisture with waste marble powder in bulk 

amounts. This moisture not only creates extra burden , but also causes wobbling  in the container which 

damages the body of the container. Thus carriage of waste marble slurry is difficult to carry. 

Improper mixing: Dried marble powder has large aggregates which make it nearly impossible to 

properly mix with gravel, sand, cement etc. The non-mixed lumps of marble powder are therefore weak 

points of the concrete blocks. 
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II. Materials and Method 

To overcome above mentioned issues we adapt the following strategy; 

a) Slurry is pumped out of the sedimentation tank and left to dry for 3-4 days which will reduce the 

transportation cost. 

b) For dry lumps sand muller mixer may be used followed by sieving. 

 
 

 

 

 

III. Results and discussion 

Following tables show composition of mixtures and their relative strengths. 

 

                                   

                         

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

component volume (L) strength (PSI) 

  Khaka 85 2371 

 

2380 

 

2374 

Sand 15 

cement 10 

water 6.5 

WMP (grey) 20 

component volume 

(L) 

strength (PSI) 

Khaka 85 2572 

 

2545 

 

2562 

sand 15 

cement 10 

water 6.5 

WMP (grey) 20 

component volume (L) strength (PSI) 

Khaka 85 1379 

 

1390 

 

1380 

 

sand 15 

cement 10 

water 6.5 

WMP (grey) 20 

component volume (L) strength (PSI) 

  Khaka 85 1379 

 

1390 

 

1380 

 

Sand 15 

cement 10 

water 6.5 

WMP (grey) 20 

Table 1: Mix 1 and its strength Table 2: Mix 2 and its strength 

 

Table 3: Mix 3 and its strength 

 
Table 4: Mix 4 and its strength 

 

Fig. 1: Recommended processing plan. Fig. 2: Muller mixer used for WMP. 
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Decrease in the strengths of non processed WMP mixtures is due to the fact that a non mixed lump 
creates weak spaces. As shown in the figures below.  

 

 

 

                                                                             

                                          

 

 

 

 

 

 

 

 

                                      

 

 

IV. Conclusions 

It is evident from the above discsussion that WMP can not be used as filler in the concrete blocks 
without processing. Processing includes on field drying for few days and then mixing with a specialized 
sand muller mixer followed by sieving with vibbrator sieve. 
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Fig 3: comparison of strengths for four mixtures. 

Fig. 4: Concrete block with processed WMP. Fig. 4: Concrete block with non processed WMP. 
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Abstract— Reverse solute flux (RSF) is one of the most prominent issues concerned with forward osmosis. 

Inorganic salts like NaCl, CaCl2 has been known to be one of the best solutes for draw solution in forward 

osmosis regarding their availability, performance, low price and nontoxic nature. Yet they exhibit high 

reverse solute flux. In this study, we have considered CaCl2 as our test draw solution due to its high cross 

membrane flux. The issue of reverse solute flux has been addressed by addition of other salts (Sucrose and 

NaCl) in minor concentration with pure CaCl2. It was concluded that in minor concentration, salts with 

higher molecular sizes like sucrose reduces the RSF significantly but at the cost of reduced flux; while the 

use of salts having mono-valent ions like NaCl increases the RSF due to small hydrated radius. 

 
Keywords—Forward osmosis, Draw solute, Reverse salt flux, Solute diffusion, Desalination. 

 

I. INTRODUCTION 

Forward osmosis is one of the most prominent technique among scientists and researchers in 

sight of its low pressure requirements and ambient conditions. Osmosis is the spontaneous 

exchange of water across a semi permeable membrane due to osmotic pressure difference [1]. 

Being an attractive alternative to the energy intensive pressure driven processes like reverse 

osmosis, forward osmosis still has its gray areas. The current challenges to forward osmosis 

includes Proper membrane design, better draw solution selection, and economic regeneration 

of draw solute from the diluted draw solution(DS). Draw solution is a specie that is used to 

induce water flux from a solution of low osmotic pressure. Scientists has been working far and 

wide to optimize the FO process by addressing one or all the challenges to it however a single 

draw solution cannot be considered the best [2]. For selection of a suitable draw solution, 

various criteria needs to be addressed, which includes high osmotic pressure(high water flux), 

low back diffusion(low reverse salt flux), economic regeneration, low viscosity, low toxicity 

and cost effective availability [3]. Draw solution are classified into various classes and in many 

contexts. The most common classification is given in Fig 1 [4]. The classification is based on 

the recovery methods of the draw solutions in terms of their response to certain external 

environmental conditions. 
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Before 2000’s volatile compounds and various sugars were used as draw agents. Volatile draw agents like 

SO2 and thermolytic compounds could be separated using low grade heat[5]. Nutrient compounds 

including various sugars had the advantage of direct use after being diluted [6]. Magnetic nano particles 

has the advantage of recovery under magnetic field but has the problem of agglomeration after use [7]. 

Different kinds of polyelectrolytes were also investigated by Ge and his coworkers[8] due to their larger 

sizes and ability to produce good osmotic pressure. Wang and his team investigated stimuli responsive 

hydrogels[9] in an effort to optimize the regeneration of draw solute from the diluted draw solution. 

Inorganic salts have been known to produce high water fluxes. This trait is associated with their ability to 

exhibit good osmotic pressure and high solubility in water. On the other hand they are also inexpensive 

and are easily available. However they have the problem of high RSF[10]. Organic and nutrient 

compounds have the capability of producing low RSF as compared with their inorganic counterparts[11]. 

The current investigation focuses on using combination of inorganic monovalent salt and sucrose with 

calcium chloride in an effort to reduce the RSF while keeping the osmotic pressure constant. 
 

II. METHODOLOGY 

A. Solutions 
A number of experiments were performed on a bench scale equipment utilizing combination of Calcium 

Chloride (CaCl2.2H2O) as a major component and Sodium chloride (NaCl) and sucrose (C12H22O11) as 

minor component. All the draw solution were designed to produce an osmotic pressure equivalent to 1 

molar CaCl2 solution. Osmotic pressure of the solution was evaluated using OLI stream analyzer. 

 
TABLE 1 DRAW SOLUTIONS FOR EXPERIMENTS 

Minor 
soule 

Minor salt amount (10% of 

total osmotic pressure (grams) 

Major salt (CaCl2) 

amount (grams) 

Total osmotic 

pressure (bar) 

NaCl 5.9 135.1 77.54 

Sucrose 107 135.1 77.54 

 

B. Experimental setup 
The bench scale equipment is given in Fig 2. It consists of two separate peristaltic pumps(Kamoer CK15) 

for feed and draw solution. An online conductivity meter was used to record the rise in concentration of 

the feed (de-ionized water) for evaluation of RSF and a digital balance(G&G Electronic scale) was used 

to monitor the mass/volume decline of the feed for evaluating water flux. 

𝐽𝑤 =   ∆𝑉 

𝐴∆𝑡 
(1) 

Where Jw is water flux, ∆𝑉 is the change in volume, A is the effective membrane surface area, ∆𝑡 is the 

time interval. 

𝐽𝑠 =
 𝐶𝑡𝑉𝑡− 𝐶𝑜𝑉𝑜 

𝐴∆𝑡 
(2) 

Where Js is the reverse salt flux, A is the effective membrane surface area, ∆𝑡 is the time interval, Ct and 

Vt are the concentration and volume of feed at any time respectively, while Co and Vo are the initial 

concentration and volume of the feed respectively. 

A cross flow cell having an effective area of 24 cm2 was used. The osmosis process was carried out using 

PRO mode (Active layer facing the draw solution), temperature of 250C and a cross flow velocity of 0.20 

m/sec was used. TFC polyamide membranes were utilized for all experiments. The minor salts were added 

to the major components such that only 10% of the total osmotic pressure was offered by them. Each 

experiment was carried out for 3 hours and concentration and mass decline was recorded with 10 minutes 

interval. 
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