
 
 

RECOVERY OF SILVER FROM PHOTOGRAPHIC WASTE: 
ELECTROLYSIS BEHAVIOR 

 

 

 

 

 

 

 

 

 

 

 

MOHD ASHRAF BIN CHE AMAT 

 

 

 

 

 

 

 

 

 

 

 

 

UNIVERSITI MALAYSIA PAHANG 



 

UNIVERSITI MALAYSIA PAHANG 
 

BORANG PENGESAHAN STATUS TESIS♦♦♦♦ 
 
JUDUL:             RECOVERY OF SILVER FROM PHOTOGRAPHIC WASTE:  
  

 ELECTROLYSIS BEHAVIOR 
 

SESI PENGAJIAN: 2009/ 2010                    
 
Saya                                       MOHD ASHRAF BIN CHE AMAT                 

 
(HURUF BESAR) 

 
mengaku membenarkan tesis PSM ini disimpan di Perpustakaan Universiti Malaysia Pahang dengan 
syarat-syarat kegunaan seperti berikut : 
 
1. Tesis ini adalah hakmilik Universiti Malaysia Pahang. 
2. Perpustakaan Universiti Malaysia Pahang dibenarkan membuat salinan untuk tujuan pengajian 

sahaja.  
3. Perpustakaan dibenarkan membuat salinan tesis ini  sebagai bahan pertukaran di antara institusi 

pengajian tinggi. 
4. ** Sila tandakan (�  ) 
 
 SULIT (Mengandungi maklumat yang berdarjah keselamatan atau 

kepentingan Malaysia seperti yang termaktub di dalam AKTA  
RAHSIA RASMI 1972) 

   
      TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan oleh  

organisasi/badan di mana penyelidikan dijalankan). 
   
      � TIDAK TERHAD 

 
Disahkan oleh 

 
 
 
        (TANDATANGAN PENULIS)                  (TANDATANGAN PENYELIA) 
 
Alamat Tetap:   No.906 Paya Keladi,                                      Prof. Dato’ Dr. Rosli Mohd Yunus 
                      
                          13200 Kelapa Batas                                           Nama Penyelia 
 
             Pulau Pinang. 
 
Tarikh:             May 5, 2010      Tarikh: May 5,  2010  
 
 
 
 
 
 
 
CATATAN  

** Jika Kertas Projek ini SULIT atau TERHAD, sila lampirkan surat daripada pihak  
berkuasa/organisasi berkenaan dengan menyatakan sekali tempoh tesis ini perlu  dikelaskan 
sebagai SULIT atau TERHAD. 

♦  Tesis ini dimaksudkan sebagai tesis bagi Ijazah Doktor Falsafah dan Sarjana secara 
penyelidikan, atau disertasi bagi pengajian secara kerja kursus dan penyelidikan, atau 
Laporan Projek Sarjana Muda (PSM) 

 



 

 

 

 

 

“I hereby declare that I have read this thesis and in my opinion this thesis has 

fulfilled the qualities and requirements for the award of Degree of Bachelor in 

Chemical Engineering” 

 

 

Signature  :  ................................................................ 

Name of Supervisor :  PROF. DATO’ DR. ROSLI MOHD YUNUS 

Date   :  MAY 5, 2010 

 

 

 

 

 

 

 

 

 



ii 
 

 

RECOVERY OF SILVER FROM PHOTOGRAPHIC WASTE: 

ELECTROLYSIS BEHAVIOR 

 
 
 
 
 
 
 

MOHD ASHRAF BIN CHE AMAT 
 
 
 
 
 
 
 

A thesis submitted in fulfillment  

of the requirements for the award of the Degree of 

Bachelor in Chemical Engineering  

 
 
 
 
 

Faculty of Chemical and Natural Resources Engineering 

Universiti Malaysia Pahang 

 
 
 
 
 
 

APRIL 2010 
 
 



iii 
 

DECLARATION 

 

 

 

 

 

I declare that this thesis entitled “Recovery of Silver from Photographic waste: 

Electrolysis Behavior“is the result of my own research except as cited in the 

references. The thesis has not been accepted for any degree and is not concurrently 

submitted in candidature of any other degree. 

 

 

 

 

 

   Signature : .................................................... 

  Name  : MOHD ASHRAF BIN CHE AMAT   

   Date  : MAY 5, 2010 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

DEDICATION  

 

 

 

 

 

 

Special thanks and love for: 

My mother, Ambiah Ariffin 

My father, Che Amat Hassan 

Beloved Siblings, 

Sarimah binti Marsan, Poriah binti Ahmad,  

Nor Liza binti Mohd Nor  

  Muhammad Norkhuzairi bin Shaharin 

and  

My Lovely Friends 

 

 

 

 

 

 

 

 

 

 



v 
 

ACKNOWLEDGEMENT 

 

 

 

 

 I would like to express my gratitude to god, Allah S.W.T. for making me 

realize that dream is nowhere without efforts. For giving me such wonderful life and 

make me appreciate the knowledge that bestowed upon us. In particular, I wish to 

express my sincere appreciation to my only supervisor, Prof. Dato’ Dr. Rosli bin 

Mohd Yunus, for encouragement, guidance, critics and friendship. Without him 

continued support and interest, this thesis would not have been the same as presented 

here. 

 

My praise and gratitude also extends to parents Che Amat bin Hassan and 

Ambiah binti Ariffin, for a lifetime of love and support, my colleagues and others 

who have provided assistance at various occasions. Thank you for believing in me 

and helping me weather through my stormy weathers. In particular, my sincere 

thankful is also extends to all my lecturers and others who have provided assistance 

at various occasions. Their views and tips are useful indeed.  

 

Last but definitely not least to my family members, Sarimah binti Marsan, 

Poriah binti Ahmad, Nor Liza binti Mohd Nor, Muhammad Norkhuzairi bin 

Shaharin, my siblings, lovely sister and brother in law Ct Salma binti Che Amat and 

Jason Iskandar Thomas, I can never thank you enough for your love, and for 

supporting me throughout my studies in University of Malaysia Pahang (UMP). 

 

 

 

 

 



vi 
 

ABSTRACT 

 

 

 

 

 Photographic waste is one of the wastes produced by the paper and printing 

industries. Photographic waste usually contains metal ions mostly silver, sodium, 

potassium and iron. Since silver is photosensitivity material and its valuable 

increasing price, people tends to recover the silver from photographic waste to reuse 

it in paper and printing industries. A lot of research had been done to effectively 

recover the silver from photographic waste. This research is to investigate the ability 

of electrolysis process to recover the silver from photographic waste. In the process 

of electrolysis, or commonly known as electrolytic silver recovery, a direct current is 

passed through a silver-rich solution between a positive electrode (the anode) and a 

negative electrode (the cathode). During the process, an electron is transferred from 

the cathode to the positively charged silver, converting it to its metallic state, which 

adheres to the cathode. There are two parameters that have been focused on; the 

effects of current supply to the electrolysis process on the yield of silver and the 

effects of distance between two electrodes on the yield of silver. The results show 

that the electrolysis is able to recover silver from photographic waste. For the current 

supply variable, the best current supply for the electrolysis process is 40 mA and 

variable of distance between electrodes contribute minor effect to the process. 

Electrolysis process is one of the cheapest processes since it is able to recover silver 

from photographic waste. 
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ABSTRAK 

 

 

 

 

 Sisa buangan fotografi adalah salah satu sisa buangan yang dihasilkan oleh 

industri kertas dan percetakan. Sisa buangan fotografi biasanya mengandungi ion 

logam seperti perak, natrium, kalium dan besi. Oleh kerana perak adalah bahan 

sensitive cahaya dan nilai harganya yang sentiasa meningkat, industry mula 

cenderung untuk mengekstrak semula perak dari sisa buangan fotografi untuk 

digunakan semula dalam industri kertas dan percetakan. Banyak kajian telah 

dilakukan untuk mengekstrak semula perak dengan efektif dari sisa fotografi. 

Penelitian ini bertujuan untuk mengetahui kemampuan proses elektrolisis untuk 

mengekstrak semula perak dari sisa fotografi. Dalam proses elektrolisis, atau 

biasanya dikenali sebagai elektrolisis pengekstrakan semula perak, arus elektrik 

dialirkan menerusi larutan yang kaya dengan ion perak di antara elektrod positif 

(anod) dan elektrod negatif (katod). Selama proses tersebut berjalan, elektron 

dipindahkan dari katod ke perak yang bercas positif, mengubahnya menjadi logam, 

yang akhirnya melekat pada katod. Terdapat dua pembolehubah yang telah 

difokuskan dalam kajian ini; kesan bekalan arus elektrik kepada proses elektrolisis 

terhadap pembentukan perak dan pengaruh jarak antara dua elektrod terhadap 

pembentukan perak. Keputusan kajian menunjukkan bahawa elektrolisis mampu 

mengekstrak semula perak. Untuk pembolehubah bekalan arus elektrik, bekalan arus 

elektrik terbaik untuk proses elektrolisis adalah 40 mA dan pembolehubah jarak 

antara elektrod hanya memberikan kesan kecil pada proses. Proses Elektrolisis 

adalah salah satu proses termurah kerana kemampuannya untuk mengekstrak semula 

perak dari sisa fotografi.  
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.0 Introduction 

 

 

 Waste consumption is one of the major environmental problems in Malaysia. 

As Malaysia progresses towards becoming a developed country in 2020, 

consumption of waste will correspondingly increase. Consumption however, 

produces some undesirable impacts on the environment and climate (Liew, 2008). 

Photographic waste is one of the wastes produced by the paper and printing 

industries. Photographic waste usually contains metal ions mostly silver, sodium, 

potassium and iron. Since silver is photosensitivity material and its valuable 

increasing price, people tends to recover the silver from photographic waste to reuse 

it in paper and printing industries. A lot of research had been done to effectively 

recover the silver from photographic waste. This study is to investigate the ability of 

electrolysis process to recover the silver from photographic waste. 
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1.1 Research Background and Problem Statement 

 

 

 Silver is both an Industrial Metal and a Precious Metal. As an industrial 

metal, Silver has many thousands of uses due to its outstanding qualities. Silver has 

the highest electrical and thermal conductivity of any element. Silver was critical to 

the photographic industry as well as paper and printing industry. Although over the 

past ten years the supply through production and scrap of silver has increase by 26 

percent, the demand has expanded by only 10 percent. But a good percentage of this 

production is irrecoverable through photographic paper and other industrial use. Yet 

silver bullion inventories have fallen dramatically while silver investments are 

increasing steadily with a consequent silver price now looking bright as reflected in 

the steadily rising silver price. Production will have to hurry to keep up with the 

increased demand. 

 

 

 

Figure 1.1: 1 year silver price in USD/oz (www.silverprice.com) 

 

 Figure 1.1 show that the price of silver is not stable but it shows a 

dramatically increase from May 2009 to March 2010. In May 2009 the price is about 

13 USD/oz and the current price of silver is about 18.4 USD/oz. These values give a 

figure of increasing price of silver that put a concern to recover the silver. 
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Figure 1.2: World silver demand until 2008 (www.silverprice.com) 

 

 From figure 1.2, the demand increased in industrial application and jewelry. 

The industrial application demand of silver had increased to about 400 million 

ounces meanwhile the jewelry show stable demand. 

 

 In Malaysia, photographic waste consumption is about 11969 cubic meters in 

1987. The amount of photographic waste generated by electronic and semiconductor 

sector is estimated at 5% per annum (Ahmat et al, 2000). About 5000 kg per annum 

of photographic waste generated by paper and printing industries which are the major 

producer of photographic waste. 

 

 There are silver recovering activities in Malaysia, but still not widely 

practiced. Electrolysis process is a basic method to recover silver which produces 

nearly pure metallic silver. This study is to investigate the electrolysis behavior in 

silver recovery process. 
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1.2 Objective 

 

 

i. To investigate the ability of electrolysis process in recovering silver from 

 photographic waste. 

 

 

 

 

1.3 Scopes 

 

 

i. To investigate the effects of distance between two electrodes on the yield of 

 silver. 

ii. To investigate the effects of current supply to the electrolysis process on the 

 yield of silver. 

 

 

 

 

1.4 Rationale and Significance 

 

 

 Silver recovery activities become a major concern nowadays to recover silver 

from photographic waste for industrial application use. There are some advantages of 

recovery the silver which are: 

 

i. Contribute to the society in preventing the community from any harm and 

danger for instance water pollutions. 

ii.  To reduce the toxicity effects of silver on the aquatic organism. 

iii.  Reuse the silver in paper and printing industry. 
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CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.0 What is Silver? 

 

 

 Silver is one of the basic elements that make up our planet. Silver is rare, but 

occurs naturally in the environment as a soft, "silver" colored metal. Because silver is 

an element, there are no man-made sources of silver. People make jewelry, 

silverware, electronic equipment, and dental fillings with silver in its metallic form. 

It also occurs in powdery white (silver nitrate and silver chloride) or dark-gray to 

black compounds (silver sulfide and silver oxide). Silver could be found at hazardous 

waste sites in the form of these compounds mixed with soil and/or water. 

Photographers use silver compounds to make photographs. Photographic materials 

are the major source of the silver that is released into the environment. Another 

source is mines that produce silver and other metals (ATSDR, 1990) 

 

 

 

 

2.1 Photographic Waste 
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 Photographic waste is the waste generated by the photographic processing 

machine in paper and printing industries. X-ray film also is one of the photographic 

wastes generated by hospital and biochemical lab. Photographic waste contains silver 

that is the main material use to transfer image. It contains soluble silver thiosulfate 

complex and smaller amount of silver sulfite. The light-sensitive properties of silver 

compounds are the key to most photographic processes, and the basis of most of the 

waste produced.  Like the compounds of many other heavy metals, they are highly 

toxic, and classified as special wastes. Along with the decreasing amount of silver 

natural resources, the cost of silver productions has risen rapidly and the price of 

silver in the market has increased constantly. Every country has focused on the 

recovery of silver from silver-containing waste (Zhouxiang, 1999). 

 

 

 

 

2.2 Silver in Photographic Waste 

 

 

 The primary sources of recoverable silver from photographic processing 

solutions are the ‘fix’ (dilutea queous Na2S2O3/NaHSO3) and the ‘bleach–fix’ 

solutions (dilute aqueous Na2S2O3/NaHSO3/NaFeEDTA) (Pollet et al, 2000).Many 

photographic and x-ray wastes contain silver thiosulfate. Wastes having a silver 

concentration of 5.0 parts per million (ppm) or more are hazardous because they 

display the characteristic of toxicity. Waste that typically contains silver in 

concentrations greater than 5 ppm includes: 

 

i. Fixer solution 

ii. Rinse water following water baths 

iii. Solution from cleaning developer tanks (cleaner dissolve precipitated silver) 

iv. Film, negative and paper 

 

 Most photographic films and papers carry as light sensitive agents silver 

halides embedded in a layer of gelatin. In this “emulsion” a single photon of light can 

sensitize by catalytic action a billion silver atoms. The sensitization of the silver 
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halide, predominantly silver bromide, is accomplished by exposing the emulsion to 

light through the lens of a camera or by mean of a projector or a transparency, to x-

rays or as accomplished only recently by means of computerized laser beams 

(Messerschmidt, 1988). The photographic and x-ray wastes have to manage well to 

prevent harm to human health and the environment. 

 

 

 

 

2.2.1 Environmental Effects of Silver 

 

 

 Toxicity is the measure of adverse chemical effects on an organism and is 

governed by several factors, including the form and amount of the chemical present 

in the organism. Different form of silver display different degree of toxicity. Silver 

that is soluble in water, and unattached to any other atoms while in soluble, is known 

by several names including free silver, ionic silver, and hydrate silver ion. In general, 

it is the free silver that is the most toxic form. This toxicity is the basis of regulations 

on discharge of silver compounds. Some silver compounds release ionic silver very 

slowly due to very low solubility (e.g., silver sulfide) or complexation of the silver 

(e.g., silver thiosulfate). These compounds are over 15,000 times less toxic than 

silver nitrate to aquatic organisms. Because of the tendency for silver to form nearly 

insoluble compounds in natural waters and sediments, the chance for organism to be 

affected long term is minimal (KODAK, 2003). 

 

 Soluble silver salts, especially AgNO3, are lethal in concentrations of up to 2g 

(0.070 oz). Silver compounds can be slowly absorbed by body tissues, with the 

consequent bluish or blackish skin pigmentation (argiria). Liquid or vapor may be 

irritating to skin, eyes, throat, or lungs. Intentional misuse by deliberately 

concentrating and inhaling the contents of this product can be harmful or fatal. 
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2.3 Silver Recovery Process 

 

 

 The silver to be recovered may be present in different forms: as insoluble 

silver halide, a soluble silver thiosulfate complex, a silver ion, or elemental silver, 

depending upon the type of process and the stage at which it is recovered 

(Messerschmidt, 1988). A number of techniques are available to remove silver from 

silver rich photographic processing solution. Of these, three are used in virtually all 

practical methods of silver recovery. They are: 

 

i. Precipitation 

ii. Metallic Replacement 

iii. Electrolysis 

 

 Additionally, ion-exchange technology can be used to treat washwaters to 

remove silver. This technology is typically used when we must meet stringent 

discharge requirement, and capital and operating coast are a secondary concern. 

Other technologies such as reverse osmosis, distillation, and evaporation can produce 

a silver sludge. However, they only alter the silver concentration and do not actually 

remove silver from solution. Methods that are successfully used in other industries to 

recover silver, such as electrowinning, may not be applicable to photographic 

processing solution, as they tend to cause significant solution decomposition 

(KODAK, 1999)  

 

 

 

 

2.3.1 Precipitation Process 

 

 

 Precipitation can remove silver from silver-rich solutions, reducing it to very 

low levels. Properly applied, levels can be reduced to the low ppm range. Until 

recently, precipitation has not been as widely used as a silver-recovery technique. 

Common precipitating agents classically have been alkali metal salts of sulfide 



9 

 

(sodium sulfide, potassium sulfide, etc) which will form silver sulfide in solution. 

The silver sulfide is removed by filtration (KODAK, 1999). 

 

 

 

Figure 2.1: Schematic Diagram for Semi-Automatic TMT Silver Precipitator 

(Kodak, 1999) 

 

 Figure 2.1 shows a Schematic Diagram for Semi-Automatic TMT Silver 

Precipitator. This silver precipitation technique utilized a chemical called TMT (tri-

mercapto-s-triazine). TMT produces an insoluble silver compound that is more easily 

filtered than silver sulfide. For many processes, silver levels may be reliable and 

consistently reduces to an average of less than 1.5 ppm. Advantages of TMT include 

consistent low silver discharge and reduce cost (Kodak, 1999). 

 

 

 

 

2.3.2 Metallic Replacement Process 

 

 

 Silver is also recovered from photographic processing solution by replacing 

the silver with another metal such as zinc by electrolysis or by chemical precipitation 

with chemicals such as sodium hydroxide or sodium sulphide (Ajiwe and 

Anyadiegwu, 2000). The basic for metallic replacement is the reduction by metallic 

iron (usually present as “steel wool”) of the silver thiosulfate complex to elemental 
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silver. The commercial equipment commonly used for the recovery is often referred 

to as Metallic Recovery Cartridges (MRCs) or Chemical Recovery Cartridges 

(CRCs). The most common source of iron is fine steel wool, chosen for its surface 

area. The steel wool is wound on a core or chopped up and packed into a cartridge. 

The silver rich solution are slowly metered into the cartridge and through the iron 

medium. The silver is left behind in the cartridge while iron is solubilized and carried 

out by the solution. Like the electrolytic process, metallic replacement is a reduction-

oxidation process. 

 

2Ag(S2O3)2
-3  +  Fe0  �  2Ag0  +  Fe+2  + 4S2O3

-2 (Kodak, 1999) 

 

Silver Thiosulfate Complex + Metallic Iron � Metallic Silver + Ionic Iron + 

Thiosulfate 

 

 The final silver concentration is affected by flow rate, iron surface area, 

contact time, pH, original silver concentration, thiosulfate concentration, and the 

volume passing through the cartridge. If the MRC is operating properly, the silver 

concentration may be reduced to less than 5 mg/L (Kodak, 1999) 
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Figure 2.2: Schematic Diagram for Metallic Replacement Process Using MRCs 

(Kodak, 1999) 

 

 

 

 

2.3.3 Electrolysis Process 

 

 

 Recovery of metals from aqueous solution of their salts by electrolysis can be 

realized by two methods. The first method consists of the electrolysis of solutions 

obtained after leaching of the corresponding metal from ores or concentrated with the 

use of insoluble anodes. The second method consists of the electrolytic refining of 

the metal (Ajiwe and Anyadiegwu, 2000). In the process of electrolysis, or 

commonly known as electrolytic silver recovery, a direct current is passed through a 

silver-rich solution between a positive electrode (the anode) and a negative electrode 

(the cathode). During this electrolytic process, an electron is transferred from the 

cathode to the positively charged silver, converting it to its metallic state, which 

adheres to the cathode (Kodak, 1999). In a simultaneous reaction at the anode, an 

electron is taken from some species in solution. In most silver-rich solution, this 

electron usually comes from sulfite. 
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Figure 2.3: Schematic Diagram for Typical Electrolytic Silver Recovery Process 

(Kodak, 1999) 

 

 Figure 2.3 shows that the typical electrolysis cell for silver recovery process. 

An overview of the reactions is: 

 

At Cathode: Ag(S2O3)2
-3  +  e-  �  Ag0  +  2(S2O3)

-2 (Kodak, 1999) 

 

  Silver Thiosulfate Complex + Electron � Metallic Silver + 

Thiosulfate 

 

At Anode: SO3
-2  +  H2O  �  SO4

-2  +  2H+  +  2e-  (Kodak, 1999) 

 

  Sulfite + Water � Sulfate + Hydrogen Ions + Electron 

 

 Here the crude metal to be refined serves as the anode and the pure metal is 

deposited at the cathode. This is a better method for noble metal recovery (Ajiwe and 

Anyadiegwu, 2000). Electrolysis recovery process produces nearly pure metallic 

silver, contaminated only slightly by some surface reactions that also take place. The 

plated silver should be greater than 90 percent pure (Kodak, 1999). 

 

 

 

 

2.3.4 Other Recovery Process 

 

 

 There have some other recovery process such as reverse osmosis. Reverse 

osmosis is a concentration process by which ions are holding on one side of a semi-

permeable membrane while the water is allowed to pass through the membrane. We 

may then treat the concentrated to recover silver. Even more than with ion exchange, 

cost, maintenance, and space requirements tend to make this technology impractical 

for most photographic processing facilities (Kodak, 1999). 
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 In distillation recovery process, the photographic processing effluent is 

captured in a vessel and heated to evaporate the water. In some apparatus, the 

solution is actually boiled, the steam being condensed. In others, the solution is 

merely heated and released into the air (by a fan) to discharge evaporating moisture. 

Although some pieces of equipment may be capable of producing a solid block from 

the effluents, the energy requirements can be prohibitive, and heated photo 

processing effluents tend to give off pungent, unpleasant odors. We may need an air 

emission discharge permit for this type of equipment (Kodak, 1999). 

 

 For evaporation recovery process, vacuum distillation or cool temperature 

evaporation is a process by which a vacuum is drawn on a vessel containing the 

photographic processing effluents. At a sufficiently low pressure, the solution will 

boil and the water vapor is drawn from the vessel, condensed, and collected. These 

evaporators can generally reduce the effluent volume by up to 90 percent, but the 

initial equipment expense is relatively high (Kodak, 1999). 
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CHAPTER 3 

 

 

 

 

METHODOLOGY 

 

 

 

 

3.0 Electrolysis Process Description 

 

 

 In this research, we used electrolysis process as a research method. This 

method consists of two electrode plates connecting to the electric circuit for current 

supply. By taking variable of current supply and the distance between electrodes, 

some of the variable has to be constant such as pH value, electrode surface area, 

temperature of the waste solution, and the process duration. 

 

 

 

 

3.1 Apparatus 

 

 

 The apparatus used in this research are 1L beaker, stainless steel electrode, 

electrode holder, retort stand, direct current power supply, wires with crocodile clips, 

and electric circuit.  
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3.1.1 Electric Circuit 

 

 

 The electrical circuit has to setup in order to control the current supply to the 

electrolysis process. This circuit consists of direct current power supply, adjustable 

resistor, digital multimeter, and wires with crocodile clips. Figure 3.2 below show 

the electrical circuit that had been setup. 

 

 

 

Figure 3.1: Electrical Circuit for Electrolysis Process 

 

 As shown in Figure 3.1, the direct current power supply is connected to the 

adjustable resistor of 2kΩ resistant (enable control load to the current) (Floyd, 2007). 

A digital multimeter is connected to the circuit to measure the current supply to the 

process, so that we can monitor the current supply during the process duration. The 

cathode and anode terminal then connected to the electrode in the electrolysis 

process. 
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3.1.2 Electrode 

 

 

 Electroreduction appears to be one of the best processes for metal recovery 

from waste waters, at least for environmental protection, because no other polluting 

species are induced (Chatelut etal, 1999). Therefore, the electrodes in the electrolysis 

process play a major role to recover the silver from photographic waste. The best 

electrode used for the silver recovery is the Stainless Steel (SS) electrode (Fadhil, 

2010). The SS electrodes used in this research is plate SS electrode of dimension 

10mm x 2mm x 250mm. 

 

 

 

 

3.1.3 Principles of Electric Circuit 

 

 

 The direct current power supply is set to 9V or 10V. This setting will enable 

the circuit to control the current supply by manipulating the load to the circuit via 

adjustable resistor. The current supply is monitored by the digital multimeter. 

Always check the meter to ensure that the current supply is stable. 

 

 

 

 

3.2 Chemical Substances 

 

 

 In this research, the chemical substances used are the photographic waste 

taken from The News Strait Times Press (Malaysia) Berhad, Balai Berita Prai which 

is the waste come from the fixer and developer of negative processing machine as the 

main raw material, and sodium hydroxide as the base chemical to control the pH 

value of the raw material. 
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3.2.1 Raw Material Preparation 

 

 

 For the raw material preparation, it is necessary to identify the photographic 

waste information such as which part of photographic processing machine that the 

waste came from. Frequently, industrial waste water may be acidic or basic and may 

require neutralization prior to any other treatment or prior to release to a municipal 

sanitary sewage system (Ajiwe, 1999). The photographic waste used in this research 

is acidic which had taken at the fixer and developer of negative processing machine. 

pH from 5 to 6 can be used if the solution is from black and white film fixer solution 

which usually does not contain iron. pH between 7 and 8 usually used for colour 

films which contain iron which in effect prevent the precipitation of silver on the 

electrode in lower pH value(Fadhil, 2010). 

 

 Since the photographic waste solution taken from the fixer of black and 

white, thus the pH value should be used is between 5 and 6. The waste had been 

checked and the pH value is 5.5. Thus, there have no action should be taken to 

neutralize the waste. 

 

 

 

 

3.3 Experimental Procedures 

 

 

 To investigate the electrolysis behavior, there have two parameters that have 

been focused on, there are: 

 

i. The effects of current supply to the electrolysis process on the yield of silver. 

ii. The effects of distance between two electrodes on the yield of silver. 
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3.4 Experimental Preparation 

 

 

 Before the experiment is running, there have some information to be 

determined to get the general information on the constant variable. The information 

is needed to make sure the analytical experiment is running well. 

 

 

 

 

3.4.1 Preparation for Experimental Variable i (Effect of the Current Supply) 

 

 

3.4.1.1 pH Value 

 

 

 Since the pH of the photographic waste solution is 5.5, the pH value meets 

the standard pH for recovery process because the waste was taken from the fixer and 

developer of black and white solution. 

 

 

 

 

3.4.1.2 Mass of Electrodes 

 

 

 In order to determine the mass of silver plated at the cathode, the mass of 

electrode have to be measured first. Then the mass of silver can be determined by the 

increasing mass of cathode after the electrolysis is done. After weighing both 

electrodes, the mass of cathode is 29.312 g meanwhile the mass of anode is 27.712 g. 

Mass of silver recovered is determined by the equation below: 
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Mass of silver  = Mass of Cathode _ Mass of cathode  

    Produce   after experiment  before experiment 

 

 

 

 

3.4.1.3 Distance between Electrodes 

 

 

 Distance between electrodes can give some effect to the result of the 

experiment. Thus the distance should be constant to investigate the effect of current 

supply to the electrolysis process on the yield. For this experiment, the distance 

between electrodes is set at 4 cm. 

 

 

 

 

3.4.1.4 Process Duration 

 

 

 Process duration can also give effect to the yield. The longer process 

duration, the more silver produce at the cathode. But there have a threshold limit 

where the silver is not produced anymore as the silver ion is not enough to take part 

in the electrolysis process. Thus, the process duration had been set up to be constant 

at 24 hours. 

 

 

 

 

3.4.1.5 Electrodes Surface Area 

 

 

 Silver is recovered usually by forming thin layers slowly on the cathode 

electrode which should be cleaned or replaced from time to time to remove the plated 
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silver (Fadhil, 2010). This thin layer is depending on the electrode surface area in 

order to provide large quantities of electron move into the solution during the 

electrolysis process. Therefore, the larger surface area, the more electrons move into 

the solution during electrolysis. The electrodes surface area can be set up by limiting 

the length of electrodes submerge in the solution. For this experiment, the length of 

electrodes is set up to be submerged at 10 cm in the solution. 

 

 

 

 

3.4.2 Preparation for Experimental Variable ii (Effect of the Distance between 

 Two Electrodes) 

 

 

 The preparation for experimental variable ii is the same as the preparation for 

the experimental variable i. 

 

 

 

 

3.5 Analytical Experiment  

 

 

 To run the experiment, all the apparatus have to be ready with all the 

preparation on the constant variables. When the entire constant variable is set up, the 

experiment can be run for 24 hours process duration. 

 

 

 

 

3.5.1 Analytical Experiment for Experimental Variable i (Effect of the 

Current  Supply) 
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3.5.1.1 Summary of the Constant Variable 

 

 

 The constant variable is checked and the summary of the constant variable for 

experiment is as listed below: 

 

i. Mass of Anode = 27.712 g 

ii. Mass of Cathode = 29.312 g 

iii. pH value = 5.5 

iv. Distance between electrodes = 4 cm 

v. Process duration = 24 hours 

 

 

 

 

3.5.1.2 Manipulated Variable 

 

 

 The current supply is the manipulated variable. The value for the manipulated 

variable is set up to 6 values in order to see the pattern of the result on the yield. The 

value of the current supply to the process is as in the Table 3.1 below: 

 

Table 3.1: Table of Manipulated Variable i (Effect of Current Supply on the Yield) 

 

Current 

Supply 

(mA) 
10 20 30 40 50 60 

 

 

 

 

3.5.1.3 Process Duration 
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 This experiment is running for 24 hours straight with monitor for every 5 

hours to make sure the experiment is well running at the above conditions. 

 

 

 

 

3.5.1.4 Result Measurement 

 

 

 After 24 hours of process duration, the experiment is stop. The electrode is 

then weighing to take the mass of the electrode. 

 

 

 

 

3.5.2 Analytical Experiment for Experimental Variable ii (Effect of the 

 Distance between Two Electrodes) 

 

 

3.5.2.1 Summary of the Constant Variable 

 

 

 The constant variable is checked and the summary of the constant variable for 

experiment is as listed below: 

 

i. Mass of Anode = 27.712 g 

ii. Mass of Cathode = 29.312 g 

iii. pH value = 5.5 

iv. Current supply to the process = 40 mA 

v. Process duration = 24 hours 
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3.5.2.2 Manipulated Variable 

 

 

 The distance between two electrodes is the manipulated variable. The value 

for the manipulated variable is set up to 4 values in order to see the pattern of the 

result on the yield. The value of the distance between electrodes is as in the table 3.2 

below: 

 

Table 3.2: Table of Manipulated Variable ii (Effect of Distance between Electrodes) 

 

 

Distance Between 

Electrodes (cm) 
2 4 6 8 

 

 

 

 

3.5.2.3 Process Duration 

 

 

 This experiment is running for 24 hours straight with monitor for every 5 

hours to make sure the experiment is well running at the above conditions. 

 

 

 

 

3.5.2.4 Result Measurement 

 

 

 After 24 hours of process duration, the experiment is stop. The electrode is 

then weighing to take the mass of the electrode. 
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CHAPTER 4 

 

 

 

 

RESULT AND DISCUSSION 

 

 

 

 

4.0 Results Descriptions 

 

 

 After 24 hour of process duration, the experiment is then stop. The mass of 

silver is then measured by weighing the cathode electrode. The different in mass of 

the cathode electrode before and after running the experiment is the mass of silver 

yielded at the electrode. The yield indicates the result of the behavior of the 

electrolysis process. 

 

 

 

 

4.1 Manipulated Variable i (Effect of Current Supply on the Yield) 

 

 

4.1.1 Result 

 

 

 The result of this experiment is summarized in the Table 4.1 below: 
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Table 4.1: Result of the Effect of Current Supply on the Yield 

 

Current Supply (mA) 10 20 30 40 50 

Mass of Silver Produce (g) 0.32 0.558 0.673 0.985 0.035 

 

 

 

 

4.1.2 Discussion 

 

 

 From Table 4.1, we can see that the yield  increase for current supply from 10 

mA to 40 mA and suddenly decrease when reached 50 mA of current supply. We can 

see the trend of the result in the Figure 4.1 below: 

 

 

 

Figure 4.1: Graph of Mass of Silver Yield versus Current Supply to the Process 

 

 Silver is recovered by progressively forming thin layer on the cathode 

electrode. It’s depending on the current density, if the current density is high and 

exceeds the threshold, there is insufficient time to form the layer and hence produced 

the inferior, black and crumbly silver sulfide (Ag2S) contaminated at the cathode 
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which reduces the cell efficiency dramatically. Current, its function is to supply 

electrons for the reaction. Increasing the current, the electrons supplied to the process 

is also increase hence will increase the reaction to produce more product or yield of 

silver. 

 

 From Figure 4.1, we can see the pattern of the result which is increasing at 

current values from 10 mA to 40 mA. The highest peak is shown at the value of 

current at 40 mA. We notice that the result is dramatically decreased due to the 

production of Ag2S at the cathode. For the value of 50 mA, the experiment is just run 

about 8 hours because the Ag2S give effect to odor and colour of the solution and we 

don’t want to produce it. Hence the experiment is stopped and the result is measured. 

Since the different between the current intervals is 10 mA, the reduction in mass of 

result at 40 mA and 50 mA has a significant explanation. From the result, we can say 

that the best current supply for electrolysis process is 40 mA but, the maximum 

current supply must be lay between 40 and 50 mA. 

 

 Thus, it is precisely to conclude that the best current supply for electrolysis 

process of silver recovery from photographic waste which taken from fixer and 

developer of negative processing machine from the paper and printing industry is 40 

mA based on this research. 

 

 

 

 

4.2 Manipulated Variable ii (Effect of Distance between Electrodes on the 

 Yield) 

 

 

4.2.1 Result 

 

 

 The result of this experiment is summarized in the Table 4.2 below: 
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Table 4.2: Result of the Effect of Distance between Electrodes on the Yield 

 

Distance of Electrode (cm) 2 4 6 8 

Mass of Silver Produce (g) 0.973 0.971 0.969 0.968 

 

 

 

 

4.2.2 Discussion 

 

 

 The photographic waste solution itself is the medium to transfer the electrons 

to the silver ions. Meanwhile, the electrodes are the mobile medium to supply 

electrons connected to the electrical sources. Hence the distance between electrodes 

becomes the barrier or resistance in order to transfer the electrons. From Table 4.2, 

we can see that the result for the variable is almost the same. We can see the trend of 

the result from the Figure 4.2 below: 

 

 

 

Figure 4.2: Graph of Mass of Silver Yield versus Distance between Electrodes 
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 From the Figure 4.2, we can see the trend of the result that is decreasing from 

0.973g to 0.968. The decreasing on the yield indicates that the distance between 

electrode give a minor effect on the mass of silver yielded. As mention above, the 

distance is the barrier of the resistance to the electrolysis process. Hence increasing 

in distance between electrodes will increase the barrier or resistance, thus decreasing 

the silver yielded at the cathode. This effect of distance between electrodes to the 

yield is not significant since the reduction in mass is not much.  

 

 The distance intervals is 2 cm, if we take the total different of the distance the 

interval is 10 cm. In 10 cm different in distance, the reduction of mass of silver 

yielded is just 0.005 g. This result shows that it does not make any sense if the 

electrolysis process is running with the distance between electrodes is too long. 

Furthermore, the distance between electrodes also dependent to the surface area of 

the electrodes. If the distance is increase but the surface area of the electrodes is well 

enough to give a large surface for thin layer forming, the distance is no longer a 

resistant to the electrolysis process of transferring the electrons. 

.  
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CHAPTER 5 

 

 

 

 

CONCLUSION 

 

 

 

 

5.0 Conclusion  

 

 

 The aim of this research is to investigate the ability of electrolysis process in 

recovering silver from photographic waste. The electrolysis process behavior is the 

main aspect to investigate by using the current supply and distance between 

electrodes as parameters to observe. 

 

 Hence, the result shows that the electrolysis is able to recover silver. For the 

current supply variable, the result shows that the best current supply for the 

electrolysis process is 40 mA. But the maximum peak of the current supply lay 

between 40 and 50 mA. 

 

 For the distance between electrodes variable, the result shows that distance 

between electrodes give a minor effect to the process. The reduction of the mass of 

the silver yielded is too small comparing with the increasing of the distance intervals. 

Thus, the distance between electrodes is not significant to the process behavior of the 

electrolysis. 
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 By recovering the silver from photographic waste, the toxicity of the waste 

can be reduce and produce silver as primary source to reuse in paper and printing 

industries. It also reduces the cost to treat the waste after recovered most of the silver 

and reducing the concentration of silver release to the environment. 

 

 

 

 

5.1 Recommendations 

 

 

 To investigate the electrolysis behavior, there have another variable that can 

be observed towards this research. The silver yielded can be influenced by other 

variable such as the area of the electrodes. The surface area of the electrode 

determines the area of the thin layer generated by current. The bigger surface area of 

the electrode the bigger area of thin layer of current, hence the more electrons can be 

transferred to the solution. This factor will also affect the amount of silver yielded at 

the cathode electrode. 

 

 Since heat (temperature) will provide the kinetic energy to the molecules, this 

factor also can be investigated whether it can affect the silver yield in term of 

electrons transfer. Heat in term of temperature can increase the kinetic energy. When 

the kinetic energy of the particles is increase, the particles will move faster than 

usual. Increase the temperature will increase the heat supply to the solution; hence 

increase the kinetic energy of the molecules. Thus, the electrons transferred also will 

increase their speed and then increasing the reaction rate. The silver will produce in 

short time interval by reduction of process duration. 

 

 The value of pH can decide either the silver electrolysis can happen or not. 

pH from 5 to 6 can be used if the solution is from black and white film fixer solution 

which usually does not contain iron. pH between 7 and 8 usually used for colour 

films which contain iron which in effect prevent the precipitation of silver on the 

electrode in lower pH values. pH play a major rules in order to make sure the process 
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is running well. Thus, this factor can be investigated to measure the effect to the 

process. 

 

 This research also has to improve to have a better founding of the result. The 

amount of the silver should be determines first by using AAS (Atomic Absorption 

Spectroscopy). Then we can take the percent recover as one of the result 

determination on the electrolysis behavior investigation. 
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APPENDIX A 

 


