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ABSTRACT 

Catalytic oxidation of spent sulfidic caustic consist of SH- ion or NaHS 

compound by H 2 O2 in neutral or acidic solution to elemental sulphur 

may provide a convenient and economical method for the control of 

sulphide wastes and their associated odors at pulp, paper and textile in-

dustry.  Oxidation of sulfide in rayon waste by hydrogen peroxide was 

investigated in the presence of ferric sulfate catalyst.  Kinetic equations 

and activation energies of H 2 O2 and SH- ion to total sulphur and sul-

phate in rayon waste for catalytic oxidation reaction were calculated 

based on the experimental results. For the removal of sulfide from sul-

fide solution the most common process involves its catalytic oxidation 

to a more benign form sulfate.  The rate of sulfidic  catalytic oxidation 

was found higher at lower initial sulphide concentration and the rate of 

sulphide catalytic oxidation was found directly proportional to loading 

and hydrogen peroxide addition. Optimum total sulphide concentration 

was achieved when sulphide solutions in the presence of H 2 O 2 in the 

ratios SH-/H 2 O 2 1:4.2. The potential user of H 2 O 2 determine the 

optimal conditions for control of odor, corrosion and waste treatment 

cost due  to sulfide consisting of sulphur ion, sulphate ion, etc. The cat-

alytic oxidation of sulphides into sulphates by H 2 O 2 may be applied 

directly to aqueous wastes containing these odorants 

 

INTRODUCTION 

The industrialization process also encourages the rayon industry to produce chem-

ical waste containing a mixture of inorganic and organic components in large quantities 

which is burdening the environment. Waste reduction is driving the chemical industry 

towards clean technology as a secondary resource. Waste processing in the rayon industry 

is carried out appropriately to generate secondary waste resources while the mixing of 

several compounds in the waste stream provenience from liquid-liquid contact between 

NaOH and H 2 S. Immediately, sodium hydroxide the majority react with H2S becomes 

sodium hydrosulphide or sodium waste as spent sulfidic caustic (SSC)[2][3] 

Sodium sulphide (Na 2 S) and sodium hydrosulphide (NaHS) are reaction products 

of the scrubbing H2S with NaOH solution by the Eq. (1), (2), and (3). Sodium hydrosul-

phide can occur as predominant sulphide species in waste, therefore the reaction product 

is influenced by the pH of the spent NaOH solution is required. Once, the pH of Eq 1 is 

generated at pH > 12, when the pH ease around 11.5, NaSH is formed. The following 

equations describe the scrubbing reaction of [3][4][5][6]H2S and NaOH solution: 

H2 S + 2 NaOH → Na 2S + 2 H2O (1) 

H2S + NaOH → NaSH + H 2 (2) 

H2 S + Na 2S → 2 NaSH (3) 

Sulphur compounds as SH- ion at spent sulfidic caustic can be removed through 

wet air catalytic oxidation, fenton's catalytic oxidation with precipitation using a mixture 
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of ferrous and ferric salts, chemical catalytic oxidation with catalytic or non catalytic with 

hydrogen peroxide, catalytic oxidation of H 2 S and Na 2 S in aqueous solution by dis-

solved oxygen, incineration with auxiliary fuel, and biological catalytic oxidation of sul-

phide. However, these methods of treatment are expensive, using a mixture of ferrous and 

ferric salts is competitive process, and induce secondary pollution problems.[2], [6][13] 

For the reduce of sulphide from waste and wastewater the most prevalent process 

involves its catalytic oxidation to a more benign form sulphate. In the chemical [14][24] 

catalytic oxidation method, ions  SH- are  converted into sulphate (SO42-) species , with 

the oxidants are hydrogen peroxide, sodium hypochlorite, potassium permanganate, chlo-

rine and ferrate (VI) ions. The [6][25] catalytic oxidation of sulphide using hydrogen per-

oxide at low temperatures that the decomposition of sulphide was five times faster at 258 

K than at room temperature.[26] 

Sulfide oxidation is chemically believed to be a chain oxidation reaction so that the 

reaction becomes very sensitive to the reaction conditions. Chen and Morris found some 

correlation between the length of the induction period and the initial oxidation rate that 

the length of the induction period decreased with increasing the initial oxidation rate. 

Stoichiometry of chemical sulfide oxidation occurs very complex because various prod-

ucts and intermediates will be generated during the reaction process. The main interme-

diate products identified are sulfur elements (S0), thiosulfate (S 2 O 3 2-), sulfite (SO 3 

2-) while sulfate (SO4 2-) is the result of the reaction. The formation of intermediate 

products and formed products is described in the following reactions:[27] 

2HS- + O 2 → 2S0 + 2 OH- (4) 

2HS- + 2O 2 → S 2 O 3 2- + H 2 O (5)  

2HS- + 3O 2 → 2 SO32- + 2H+ (6)  

2HS- + 4O 2 → 2 SO42- + 2H+ (7)  

The sulphide concentration may not be estimated in a redox system between oxi-

dants (H 2O 2) and reductants (S2−) own time. The total sulphide be necessary analyzed 

to determine concentration of sulphate and reduction of sulphide in sulphide waste. The 

analysis was carried out by reacting the sulphide waste after being oxidized, with a solu-

tion of potassium permanganate as the reaction below:[28] 

5 NaHS + 8 KMnO 4 + 7 H 2 SO 4 → 4 K 2 SO 4 + 8 MnSO 4 +  7 H2O + 5 

NaOH(8)    

The initial concentration of H 2 O2 was determined by titration method using po-

tassium permanganate solution. The H[31], [32] 2 O2 titration method using potassium 

permanganate solution with the following reaction equation :[29] 

5 H2O2 + 2 KMnO4 + 3H2SO4 → K2SO4 + 2MnSO4 + 8 H2O+ 5O2 (9) 

The objective of this study is to investigate the effect of two experimental variables 

viz. the initial sulphide waste concentration and ratio NaHS/H 2 O2, which may affect 

the total sulphide concentration and considerable sulphide to sulphate during hydrogen 

peroxide catalytic oxidation of NaHS onto subsequent synthesis of NaSH. The effect of 

time, pH, temperature, total solid, and density were examined in order to use as indicators 

for specify of the reaction end point during industrial operation. Besides, the hydrogen 

peroxide and initial sulphide waste concentration was analyzed by potassium permanga-

nate titration to examine the initial condition and the optimum catalytic oxidation condi-

tion. 

 

 

RESEARCH METHOD 
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Materials and Reagents 

The sulphide waste used in this study was collected from PT Rayon Utama 

Makmur, a synthetic textile and rayon industry located in Sukoharjo, Indonesia. It had a 

pH value of 11.75 (base), contained COD of 476,72 kg/m3. Another material used was 

hydrogen peroxide, sulphuric acid, distilled water, potassium permanganate and sodium 

oxalate, all of the material was provided by Merck.  

Materials Standardization and Initial Condition 

The chemicals for standardization and initial condition of waste used included po-

tassium permanganate (KMnO4) 0.25 N, sulphuric acid, sodium oxalate and distilled wa-

ter. It was heated for 1 or several hours near the boiling point, then filter and standardize 

with sodium oxalate. The sodium oxalate 0.1 N was prepare in 100 mL. The sulphuric 

acid 1M making up to 500 mL and allowed to cool at room temperature. Titrate rapidly 

with the KMnO4 solution to be standardized, while stirring, to a slight pink end-point 

color that persists for at least 1 min[31] .  

Total Catalyst 

Important parameters in determining the degree of sulfide oxidation are sulfide con-

centration, H 2 O2 concentration and catalyst addition.  [32]Iron (III) sulfate (Fe 2(SO4)3) 

is taken as the starting material  for catalysts  for catalytic oxidation processes. The solids 

are then dried in the oven for 30 minutes at a temperature of 110 ± 5oC. Solids formed as 

a result of drying are then stored as catalysts for the oxidization process. The mass of the 

catalyst is calculated based on the mass of H 2 O 2 used during the reaction which is 1% 

of the mass of  H  2 O 2. 

Total Sulphide Analysis 

The procedure of total sulphide analysis was put 4 mL of working solution and 16 

mL H2SO4 1 M into a 100-mL erlenmeyer flask and heat rapidly below 90°C.  Titrate 

rapidly with the KMnO4 solution to analyzed, while stirring, to a slight pink end-point 

color that persists for at least 1 min. 

 
RESULT AND DISCUSSION 

pH and Temperature Profile 

The catalytic oxidation reaction is a pH and temperature suspended process in that 

pH appears an important role in the decomposition of sulphide to sulphate generation in 

the catalytic oxidation reaction. The effect of catalytic oxidation pH value of sulphide 

waste on the total sulphide removal by catalytic oxidation  was studied in the pH range 

of 4 to 7.5 by adding H 2 O2 as proceeds catalytic oxidation process. The experiment was 

conducted to investigate the affect of pH and temperature on the degradation sulphide 

concentration process efficiency and find the trend of temperature and optimum pH cat-

alytic oxidation. The results obtained are presented in Figure 1 showing the profile of 

time and pH during catalytic oxidation  of sulphide, and Figure 1 showing that time and 

temperature at   catalytic oxidation. As shown in Figure 1, the experiment at ratio 1:4.2 

have pH 7.01 to 7.27 with initial ratio 1:4.2 has the best stable pH value.   For the catalytic 

oxidation reaction, a decrease in pH occurs with an increase in the ratio of H 2 O2/NaHS 
and an increase in reaction time. 

The pH value of 7.27 gives the highest result of all variations for the addition of 1% 

catalyst, namely in the 1st minute the ratio is 1:4.2 while the lowest pH value is known 

to be 2.73 obtained in the 20th minute the ratio is 1:17.5. The ratio 1:  4.2 have best trend 

temprature degradation from 42 to 31oC, which runways reaction has been controlled. 
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(a) (b) 

Figure 1 Relationship between (a) time and  pH and (b) time and temperature dur-

ing catalytic oxidation of sulphide 

 

Effect of Sulfide Removal Efficiency on Oxidation Reaction Rate 

The sulfide concentration measured through the ratio of H 2O2/NaHS ratio was 

used as the inlet concentration of sulfide in the reaction. The measured sulfide concentra-

tion through the outlet of the batch reactor is used as the outlet concentration or total 

sulfide concentration. Sulfide removal efficiency in this study is defined as the conversion 

of reactions that take place between sulfide waste and hydrogen peroxide where the re-

moval efficiency is a reduction of the initial amount of sulfide in the reaction with the 

final amount of sulfide at the time the reaction has been running for one hour. The effi-

ciency of sulfide removal can be calculated through the following equation: 

% 𝒓𝒆𝒎𝒐𝒗𝒂𝒍 𝒔𝒖𝒍𝒇𝒊𝒅𝒆 =
𝑪𝑺𝑯− 𝒊𝒏−𝑪𝑺𝑯−𝒐𝒖𝒕 

𝑪𝑺𝑯− 𝒊𝒏
× 𝟏𝟎𝟎%      [1] 

  

Figure 2 Reaction removal efficiency profile every time for 1% addition of catalyst 

 

Reaction with the addition of a catalyst reaction speed reaches the optimum point 

at the 10th minute by 79% for a ratio of 1: 4.2 and 80% for a ratio of 1: 8.4.  Based on the 

exposure for each concentration and temperature shows the  range  of magnitude of the  

resulting reaction time with  the  maximum  conditions for the removal percentage plot   

to be in minutes   15th.  The tendency of the flattening curve characterized by the reaction 

time range is what will provide an outline  of    the clues to the location of the  optimum 

point of the sulfide oxidation reaction time.  
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Table 1 Reaction order profiles and reaction speed constants and reaction removal 

efficiency during catalytic oxidation processes 

 

The obtained SSE value is displayed in the Table with a value   less than 1 so that 

the SSE value is assumed to be close to zero or has reached the minimum value with a 

range of  SSE values from 0.04 - 0.1   8. The calculated SSE  deviation  value is a  relative 

error value  in the simulation carried out  as a summation of   the deviation of the research 

data   conversion and  the conversion of the fitting results  carried out .  Based on the table 

of the smallest SSE values, namely at a ratio of 1: 4.2 with an SSE value of 0.04, this  can 

be seen from the   profile of the research data  and fitting results in the Figure that is not 

much different although in  other ratios there is no visible deviation that has an effect. 

 

Total Sulphate Concentration Profile 

In the operation phase the amount of sulfide eliminated cannot be released from the 

batch reactor in a short reaction time because it can lead to further oxidation of the sulfide 

to sulfate. Therefore, the sulfate concentration is relatively high during the initial reaction 

operation phase and increases gradually with an increase in reaction time. 

  
Figure 3 Profile of total sulfate resulting from catalytic oxidation reaction to reac-

tion time 

 

Based on Figure 3, it is known that the total sulfate profile resulting from the  cata-

lytic oxidation reaction shows a curve that increases with the addition of the reaction time  

  

H2O2/N

aHS 

ratio  

Tempera-

ture 
Ph 

p1 P2 k* 

 Removal Ef-

ficiency SS

E 
1' 60' 1' 60' 1' 60' 

4,2 43 31 7.27 7.01 

2,99 1.9 3 35. 282 

0.7 7 0.8 1 
0.0 

4 

5,6 42 31 6.69 6.35 0.77 0.81 0,10 

7,0 42 32 5.91 3.05 0.7 8 0.82 0,13 

8,4 41 35 5.77 2.86 0.78 0.83 0,14 

17,5 39 38 4.27 2.78 0.79 0.84 0,18 

*k = (mol/L)1-n minute-1  with  n = p 1 + p2 
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and  the  addition of the amount of H 2 O2 to the solution. The graph of the sulfate con-

centration against the reaction time at concentrations of 1:4.2 and 1:5.6 shows the slope 

result close to zero so that the curve tends to be parallel to the addition of the reaction 

time. The addition of hydrogen peroxide concentration does not provide fluctuating in-

crease in sulfate formation. The graph of the total sulfate fitting increases during the cat-

alytic oxidation process. 

 

Total Sulphide Concentration Profile  

The reaction order and reaction speed constant resulting from the fitting  as well as 

the reaction removal  efficiency during the oxidation process for catalytic reactions are 

carried out at various H 2 O2/NaHS ratios.  In redox systems oxidants in the form of H 2 

O2 and SH− reductors will be present together in solution so as to estimate the overall 

sulfide concentration cannot be separated over time. Therefore, in this study determined 

the kinetic constant of the reaction rate, the concentration of the initial sulfide, hydrogen 

peroxide and catalyst was studied and interconnected with each other. 

 
Figure 4 Profile of reaction speed constant to initial sulfide concentration for non-

catalytic isothermal reactions 

 It is generally found that the oxidation of chemical sulfides proceeds very slowly 

from the order of the 15th minute until the end of the reaction. Based on the research 

conducted by Chen and Morris it was found that the overall reaction order is 1.9 with 

orders of 1.34 and 0.56 respectively for total sulfide and oxygen. According to studies 

conducted by O'Brien and Birkner it is known that the reaction order for sulfides in total 

is 1.02 and for oxygen 0.80. Based on the exposure of Cline and Richards who simulated 

data with kinetic rate equations obtained the order of reaction for each reactant is 1. In 

this study, it was reported that the reaction order for sulfides was 1.93 – 2.99.[33][34][35]  

 

CONCLUSION 

The sulphide concentration removal in an aqueous solution was accomplished by 

chemical catalytic oxidation process. From the present work following conclusions can 

be drawn: (1) rate  of sulfide catalytic oxidation was found higher at considerable of ratio 

NaHS/H 2 O2 sulfide concentration; (2) rate of sulfide catalytic oxidation was immedi-

ately compatible to catalyst loading reaction and moles ratio of hydrogen peroxide addi-

tion; (3) at uncontrol temperature rate of sulfide catalytic oxidation by hydrogen peroxide 
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rise to a big extent; (4) Sulfide reduction  in rayon waste is also influenced by  reaction 

and catalyst temperatures  where the  temperatures applied in  this study are 20 o C  , 30 

o C and 40o C and the mass of the  catalyst used is 1%  of the amount of H 2 O 2  ranging 

from 0.21 – 0.89 gr Fe2(SO4)3. 

 

REFERENCES 

[1]  B.  Rajganesh, K. L. Sublette, C. Camp, and M. R. Richardson, (1995) "Biotreat-

ment of Refinery Spent Sulfidic Caustics," Biotechnol Prog, vol. 11, no. 2, pp. 228–

230, 1995, doi: 10.1021/bp00032a017. 

[2]  J. J. Park et al. (2009), "Use of spent sulfidic caustic for autotrophic denitrification 

in the biological nitrogen removal processes: Lab-scale and pilot-scale experi-

ments," Journal of Industrial and Engineering Chemistry, vol. 15, no. 3, pp. 316–

322, , doi: 10.1016/j.jiec.2008.11.008. 

[3]  E.  Üresin, H. I.  Saraç, A.  Sarioʇlan, ş. ay, and f.  Akgün, (2015)"An Experimental 

Study For H2S and CO2 Removal Via Caustic Scrubbing System," Process Safety 

and Environmental Protection, vol. 94, pp. 196–202, doi: 

10.1016/j.psep.2014.06.013.  

[4] S. W. Kim, S. K. Behera, Y. Jamal, and H. S. Park, (2016)"Optimization of Sodium 

Hydrosulfide Synthesis for Metal Recovery from Wastewater Using Flue Gas Con-

taining H 2 S," Journal of Environmental Engineering (United States), vol. 142, no. 

9, pp. 1–7, doi: 10.1061/(ASCE)EE.1943-7870.0000984. 

[5]  M. N.  Shahrak, E.  Ebrahimzadeh, and F.  Shahraki, (2015) "Removal of Hydrogen 

Sulfide from Hydrocarbon Liquids Using a Caustic Solution," Energy Sources, Part 

A: Recovery, Utilization and Environmental Effects, vol. 37, no. 8, pp. 791–798, , 

doi: 10.1080/15567036.2011.584121. 

[6] J.  F. P. e J. C. Afonso, 2011"New Strategies For Treatment and reuse of Spent Sulfidic 

Caustic Stream From Petroleum Industri," Quimica, vol. 35, no. 7, p. 1449, (2012). 

[7]  M. de Graaff, M. F. M. M.  Bijmans, B. Abbas, G. J. W.  Euverink, G.  Muyzer, 

and A. J. H. Janssen, (2011)"Biological Treatment of Refinery Spent Caustics Un-

der Halo-Alkaline Conditions," Bioresour Technol, vol. 102, no. 15, pp. 7257–

7264, , doi: 10.1016/j.biortech..04.095.  

[8]  A.  Sipma et al. (2004), "Potentials of Biological Oxidation Processes For The 

Treatment of Spent Sulfidic Caustics Containing Thiols," Water Res, vol. 38, no. 

20, pp. 4331–4340, , doi: https://doi.org/10.1016/j.watres.2004.08.022. 

[9]  A. J. H. Janssen, G.  Lettinga, and A. de Keizer, 1999"Removal of Hydrogen Sul-

phide From Wastewater and Waste Gases By Biological Conversion To Elemental  

Sulphur :  Colloidal And Interfacial Aspects of Biologically Produced Sulphur Par-

ticles," Colloids Surf A Physicochem Eng Asp, vol. 151, no. 1, pp. 389–397, , doi: 

https://doi.org/10.1016/S0927-7757(98)00507-X. 

[10]  W. Li, Q. liang Zhao, and H. Liu, 2009"Sulfide Removal By Simultaneous Auto-

trophic and Heterotrophic Desulfurization–Denitrification Process," J Hazard Ma-

ter, vol. 162, no. 2–3, pp. 848–853, , doi: 10.1016/j.jhazmat.2008.05.108. 

[11]  A. Kuhn, M. Chana, and G. Kelsall, 2007"A Review of the Air Oxidation of Aque-

ous Sulphide Solution," Journal of Chemical Technology and Biotechnology. 

Chemical Technology, vol. 33, no. 8, pp. 406–414, Nov., doi: 

10.1002/jctb.504330804. 

[12]  C. Ellis, 2006"Wet Air Oxidation of Refinery Spent Caustic," Environmental Pro-

gress, vol. 17, no. 1, pp. 28–30, Jul., doi: 10.1002/ep.670170116. 

http://devotion.greenvest.co.id/


Vol. 4, No. 2, 2023 [ Sulfide Removal by Catalitic Oxidation From Rayon Waste] 

 

622 http://devotion.greenvest.co.id|Isma Wulansari 

 

[13] P. N. A., K. W. A., and R. J. A., (1995)"Use of Iron Salts to Control Dissolved Sulfide 

in Trunk Sewers," Journal of Environmental Engineering, vol. 121, no. 11, pp. 

824–829, Nov. 1995, doi: 10.1061/(ASCE)0733-9372121:11(824).  

[14] N. Ahmad, S. Maitra, B. K. Dutta, and F. Ahmad, (2009)."Remediation of Sulfidic 

Wastewater by Catalytic Oxidation with Hydrogen Peroxide," Environ Sci (Ruse), 

vol. 21, pp. 1735–1740,  

[15]  D. Mallik and S. K. Chaudhuri, "Air Oxidation of Aqueous Sodium Sulfide Solu-

tions With Coal Fly Ash," (1999 )Water Res, vol. 33, no. 2, pp. 585–590, , doi: 

10.1016/S0043-1354(98)00205-X. 

[16] Y. Ueno, A. Williams, and F. E. Murray, (1979)"A New Method For Sodium Sulfide 

Removal From an Aqueous Solution and Application To Industrial Wastewater 

And Sludge," Water Air Soil Pollut, vol. 11, no. 1, pp. 23–42, doi: 

10.1007/BF00163516. 

[17]  M. R. Hoffmann, (1977) "Kinetics and Mechanism of Oxidation of Hydrogen Sul-

fide by Hydrogen Peroxide in Acidic Solution Michael," Environ Eng Sci, vol. 11, 

no. 1, pp. 61–66, doi: 10.1021/es60124a004. 

[18]  R.  Munter, "Advanced Oxidation Processes-Current Status And Prospects," Proc. 

Estonian Acad. Sci. Chem, vol. 50, no. 2, pp. 59–80, Jan. 2001. 

[19]  J. G. Bain, D. W.  Blowes, W. D. Robertson, and E. O.  Frind, 2000."Modelling of 

Sulfide Oxidation With Reactive Transport at a Mine Drainage Site," Journal of 

Contaminant Hydrology, vol. 41, nos. 1–2. pp. 23–47, doi: 10.1016/S0169-

7722(99)00069-8. 

[20]  W. Spiller, D.  Wohrle, G. Schulz-Ekloff, W. T. Ford, G. Schneider, and J. Stark, 

1996"Photo-Oxidation of Sodium Sulfide By Sulfonated Phthalocyanines in Oxy-

gen Saturated Aqueous Solution Containing Detergents or Latexes," J Photochem 

Photobiol A Chem, vol. 95, no. 2, pp. 161–173, doi:  10.1016/1010-6030(95)04248-

2. 

[21]  V.  Iliev and A.  Mihaylova, 2002"Photooxidation of Sodium Sulfide And Sodium 

Thiosulfate Under Irradiation With Visible Light Catalyzed By Water Soluble Pol-

ynuclear Phthalocyanine Complexes," J  Photochem Photobiol A Chem, vol. 149, 

no. 1, pp. 23–30, , doi: https://doi.org/10.1016/S1010-6030(01)00655-4. 

[22] C. A. Linkous, C. Huang, and J. R. Fowler, 2004"UV Photochemical Oxidation of 

Aqueous Sodium Sulfide To Produce Hydrogen And Sulfur," J Photochem Photo-

biol A Chem, vol. 168, no. 3, pp. 153–160, , doi: https://doi.org/10.1016/j.jphoto-

chem.2004.03.028. 

[23]  F. P. van der Zee, S.  Villaverde, P. A. García, and F.  Fdz.-Polanco, 1998"Sulfide 

Removal by Moderate Oxygenation of Anaerobic Sludge," Bioresour Technol, vol. 

98, no. 3, pp. 518–524, 2007, doi: https://doi.org/10.1016/j.biortech.2006.02.011. 

[24]  T. Marina, V. Yelena, and M. Rein, (1998) "Advanced Oxidation Processes for 

Degradation of 2,4-Dichlo- and 2,4-Dimethylphenol," Journal of Environmental 

Engineering, vol. 124, no. 8, pp. 690–694, Aug., doi: 10.1061/(ASCE)0733-

9372124:8(690).  

[25]  S. W. Poulton, M. D.  Chrome, J. Van Rijn, and R.  Raiswell, 2002 "The Use of 

Hydrous Iron (III) Oxides For The Removal of Hydrogen Sulphide in Aqueous Sys-

tems," Water Res, vol. 36, no. 4, pp. 825–834, , doi: 10.1016/S0043-

1354(01)00314-1. 

[26]  N.  Takenaka, S.  Furuya, K. Sato, H. Bandow, Y. Maeda, and Y. Furukawa, 

2003"Rapid Reaction of Sulfide With Hydrogen Peroxide And Formation of 

http://devotion.greenvest.co.id/


Sulfide Removal by Catalitic Oxidation From Rayon Waste Vol. 4, No. 2, 2023 

 

Isma Wulansari | http://devotion.greenvest.co.id  623 

 

Different Final Products By Freezing Compared To Those In Solution," Int J Chem 

Kinet, vol. 35, pp. 198–205, May, doi: 10.1002/kin.10118. 

[27]  A. H. Nielsen, J. Vollertsen, and T.  Hvitved-Jacobsen, 2003"Determination of ki-

netics and stoichiometry of chemical sulfide oxidation in wastewater of sewer net-

works," Environ Sci Technol, vol. 37, no. 17, pp. 3853–3858, doi: 

10.1021/es034035l. 

[28]  Dr.  K. R.  Mahadik and Dr.  B. S.  Kuchekar 2008, Concise Inorganic Pharmaceu-

tical Chemistry, 11th Editi. India: Nirali Prakashan India. 

[29]  M. I. Bowman, 2010 "The Reaction Between Potassium Permanganate and Hydro-

gen Peroxide," J. Chem Educ, vol. 26, no. 2, p. 103, Feb. 1949, doi: 

10.1021/ed026p103. 

[30]  D. C. Harris, Quantitative Chemical Analysis, 8th Editio. New York: Clancy Mar-

shall,. doi: 10.1021/jf103070m. 

[31]  American Public Health Association, Standard Methods for the Examination of Wa-

ter and Wastewater, 20nd Editi. 1999. 

[32]  L. N.  Vakhitova, A. V Skrypka, V. A.  Savelova, A. F. Popov, and B. V Panchenko, 

"Kinetics of the Oxidation of Methyl Phenyl Sulfide by Hydrogen Peroxide in the 

Presence of Hydrocarbonate Anion," Theoretical and Experimental Chemistry, vol. 

41, no. 2, pp. 98–104, 2005, doi: 10.1007/s11237-005-0027-7. 

[33]  K. Y. Chen and J. C. Morris, "Kinetics of Oxidation of Aqueous Sulfide by O2," 

Environ Sci Technol, vol. 6, no. 6, pp. 529–537, 1972, doi: 10.1021/es60065a008. 

[34]  D. J. O'Brien and F. B.  Birkner, "Kinetics of Oxygenation of Reduced Sulfur Spe-

cies in Aqueous Solution," Environmental Sciences and Engineering, vol. 11, no. 

12, pp. 1114–1120, 1977. 

[35]  J. D. Cline and F. A. Richards, "Oxygenation of hydrogen sulfide in seawater at 

constant salinity, temperature, and pH," Environ Sci Technol, 1969, doi: 

10.1021/es60032a004. 

  

Copyright Holders: 

Isma Wulansari (2023) 

 

First publication right: 

Devotion - Journal of Research and Community Service 

 
This article is licensed under a Creative Commons Attribution-ShareAlike 4.0 In-

ternational 

http://devotion.greenvest.co.id/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/

