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ABSTRACT

Wastewater stream from industrial plants, including petroleum refineries,
chemical plants, pulp and paper plants, mining operations, electroplating operations
and food processing plants, may contain offensive substances such as cyanide,
sulfides, sulfites, thiosulfate and disulfides that tend to increase the chemical oxygen
demand (COD) of the wastewater streams. Thiosulfate is an oxyanion of sulfur
produced by reaction of sulfite ions with elemental sulfur in high temperature water.
As some countries have a limitation for thiosulfate concentration, especially in the
wastewater stream, the removal of thiosulfate is one of the major concerns by most of
industries. This research and experimental project will be focusing in removal
thiosulfate by using Air Advanced Oxidation Process (AOP). In this particular
project, air is use as the medium because it is an unlimited source and oxidation
process is naturally happen in the atmosphere. The experiment will be conduct in
chemical laboratory. Some parameters such as thiosulfate and oxygen concentration,
air flowrate, pH and temperature will be manipulate, monitor, record and finally the
data will be trend for analyze process. These factors are believed to be the important
factors in the real environment of removing thiosulfate. The expected result of the
experiment is the thiosulfate concentration drop and sulfate formation. The analysis
of the result will be done using UV Visible Spectrophotometer to determine the
effectiveness of the study. At the end of the project, the kinetic model for the process
would be developed.
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CHAPTER 1: INTRODUCTION

1.1) BACKGROUND OF STUDY

Thiosulfate is mainly produced by the spent caustic wastewater from the
oxidation of sulfide present in offshore natural gas production. During the processing of
the natural gas obtained from offshore gas production installations, the sulfur present in
the natural gas is oxidized through a caustic oxidation process, and the wastewater
generated contains predominantly thiosulfate at a concentration as high as 3000 mg/L.

This wastewater causes severe pollution problems if discharged without treatment.

The traditional method of treating thiosulfate containing wastes is by oxidation to
sulfate which can be accomplished either chemically using oxidizing agents and

oxidation catalysts or biologically using aerobic processes.

Many methods have been proposed for the oxidation of thiosulfate based on a few
factors such as the side effect to the environment, cost and energy used. There are several

researcher who had done study on thiosulfate oxidation:

1.1.1) 1988- Julie Mason and Don P. Kelly. ‘Thiosulfate Oxidation by Obligately
Heterotrophic Bacteria’

1.1.2) 1996~ P.Khanna, B. Rajkumar, N. Jothikumar. ‘Microbial Recovery of
Sulfur from Thiosulfate-Bearing Wastewater with Phototrophic and
Sulfur-Reducing Bacteria’

1.1.3) 1998- Donald C. Schreiber and Spyros G.Pavlostathis. ‘Biological
Oxidation of Thiosulfate in Mixed Heterotrophic/Autotrophic Cultures’

1.1.4) 2008- J.M. Gonzales, A. Roca, M. Cruells, F. Fatino. ‘The oxidation of
thiosulfates with copper sulfate-Application to an industrial fixing bath’



1.2) PROBLEM STATEMENT

Thiosulfate is a contaminant compound usually found in aqueous solution.
As some countries have a limitation for thiosulfate concentration, especially in the
wastewater stream, the removal of thiosulfate is one of the major concerns by most
of industries.

A number of microorganisms residing in the streams can use the thiosulfate
ion as an energy source, whereby thiosulfate is oxidized and oxygen consumed.
Therefore Thiosulfate contributes to the biochemical oxygen demand (BOD) of the
stream. Also during the oxidation process sulfuric acid is produced, resulting in a
loauthorring of the pH which can influence the chemistry of receiving stream and
potentially impact the resident biotic community. Besides, the concentration of
Thiosulfate that normally being discharged is above its allowable limit placed by
EPA which is 100 ppm. It can causes severe pollution problems if discharge without
proper treatment.

Air advanced oxidation is one of the few techniques to remove thiosulfate
from an aqueous solution. Hoauthorver, this technique has its pro and cons and only

little numbers of research and studies being done regarding this matter.

1.3) OBJECTIVES

1.3.1) To develop a technique of thiosulfate oxidation using air advanced oxidation
process.

1.3.2) To conduct studies and laboratory experiments to determine the parameters
which affect the thiosulfate advanced oxidation.

1.3.3) To develop kinetics model based on the laboratory data analysis.

1.3.4) To have an environmental-friendly technique for removal thiosulfate that
will be lead to the better and greener environment.



1.3) SCOPE OF STUDY

The research will cover the process of removal thiosulfate using Air
Advanced Oxidation Process. The effect of thiosulfate concentration (400 ppm to
1200 ppm), air flow rate (4 L/min — 10 L/min) and concentration of partial pressure
of oxygen (21% — 60%) will be put on the laboratory experimental test.

Due to the lack of time, this study is not aimed to provide all the necessary
information of the oxidation process using other method such as using H20z2 as the
oxidation agent. The study also does not cover the effect of other advanced oxidation
process combination which is with ultraviolet (UV) or other catalyst.

1.4) FLOW OF STUDY
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Figure 1.1: Flow of study
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CHAPTER 2: LITERATURE REVIEW

2.1) THIOSULFATE

Basically, thiosulfate can be defined as the sulfate which one of the oxygen
molecule is replaced by a sulfur molecule. Thiosulfate is an oxyanion of sulfur produced
by reaction of sulfite ions with elemental sulfur in high temperature water. It is also occur
naturally in hot springs and geysers. Thiosulfate also can be produced by certain
biochemical processes. Thiosulfate is not found in large quantities in nature. Solutions of
thiosulfate break down into sulfur, sulfites, and sulfates when exposed to acids, light,
metal ions, and bacteria. It is useful in smelting silver ore, in producing leather goods.
Thiosulfate can be use to set dyes in textiles industries and dissolving of silver salt from
photographic film.

Most of thiosulfate’s usefulness stems from its ability to convert certain insoluble
metal compounds into soluble complexes, and its ability to act as a mild reducing agent.
It is routinely used as a titrant to determine concentrations of oxidants such as
hypochlorite in bleach and dissolved oxygen in water. It instantly dechlorinates water,
and is used to stop bleaching action in the paper-making industry. Thiosulfate forms
water-soluble complexes with many metals, making it useful in photo processing (where
it dissolves excess silver bromide on the surface of exposed film, preventing excessive
darkening). Thiosulfate is also useful in the extraction of silver from silver ore, in leather
manufacture, and as a mordant in the textile industry (Merck & Co., 1968).

Thiosulfate can affect health and the environment. Thiosulfate is an antidote for

cyanide poisoning. It reacts with cyanide to produce sulfite and thiocyanate ions:

CN + 8,0, SCN + SO5*



This reaction is catalyzed by an enzyme produced by cell mitochondria to
neutralize small quantities of ingested cyanide (which occurs naturally in cassava root,
lima beans, and almonds). Thiosulfate is an intermediate in several biochemical
pathways, including the synthesis of L-cysteine (an amino acid). Thiosulfate is
manufactured by some cells by oxidation of elemental sulfur and by degradation of L-
cysteine. Thiosulfate is breakdown rapidly in the environment due to the action of air and

certain bacteria, eventually producing sulfides and sulfates (S. W. Dahwak, 1993).

There are many process and chemical reaction that can remove or deform the
thiosulfate, especially by converting it to another less-hazard component. One of them is
by halogen reaction with thiosulfate:

25:03% + I 28406% +2I°
S$203% + 4Br2+ 5 H20> 2S+* +10H" + 8Br-

Another reaction is betauthoren thiosulfate and acid:
S:03% + 2H' 2807 + 8+ H20

Next is reaction betauthoren thiosulfate and metal ion:

S203% + Cw* + H20 2 S0+ + CuS + 2 H:0"

And last but not least, reaction of thiosulfate and bacteria:

2.1.1) Thiobacillus thioxidans
S$203% + 202+ H20 2 2S04* + 2 H

2.1.2) GSB
25203 + CO2 + H20 - CH20 + 2S04 + 28



Advanced Oxidation Processes including UV radiation, ozone, and/or
hydrogen peroxide are used to destroy organic contaminants as water flows into a
treatment tank. If ozone is used as the oxidizer, an ozone destruction unit is used
to treat collected off gases from the treatment tank and downstream units where

ozone gas may collect, or escape.
2.3) ATMOSPHERE AIR

In this study, atmosphere air will be use as the reagent to be reacting with
thiosulfate solution. The reasons for using atmosphere air are this medium is
available at no cost and it has no limitation in amount. Atmosphere air is also
proposed as the oxidation agent in this study because of its properties that are not

harmful to environment and less energy used to produce.



CHAPTER 3: METHODOLOGY

3.1) LITERATURE REVIEW AND RESEARCH

This step involved the determination and specification of the objectives and
scope of the study, in addition to developing a detailed understanding of the process
operation. Research on the topic and collects information from various sources such as
internet, journal and book helps better understanding on thiosulfate removal and

advanced oxidation process.
3.2) LABORATORY EXPERIMENT

The experiment will be conduct in chemical laboratory. Some parameters such as
thiosulfate and oxygen concentration, air flowrate, pH and temperature will be
manipulate, monitor, record and finally the data will be trend for analyze process. The
expected result of the experiment is the thiosulfate concentration drop and sulfate

formation.
3.2.1) Experiments involve

There are three experiments that will be conduct in chemical laboratory. The
first experiment will be the effect of thiosulfate’s concentration to the sulfate
formation, thiosulfate’s concentration drop, pH and temperature in the thiosulfate
reaction with atmosphere air. The second experiment will be the effect of air
flowrate to the sulfate formation, thiosulfate’s concentration drop, pH and
temperature in the thiosulfate reaction with atmosphere air. Final experiment will be
the effect of oxygen concentration to the sulfate formation, thiosulfate’s
concentration drop, pH and temperature in the thiosulfate reaction with atmosphere.



3.2.1.1) Experiment 1 (effect of thiosulfate concentration)
Manipulated parameter: S203 concentration (ppm)
Constant parameters: Air flowrate (6 L/min), Oxygen concentration (21%)

3.2.1.2) Experiment 2 (effect of oxygen concentration)
Manipulated parameter: Oxygen concentration (%)

Constant parameters:S203 concentration (600ppm), Air flowrate (6 L/min)

3.2.1.3) Experiment 3 (effect of air flowrate)
Manipulated parameter: Air flowrate (L/min)

Constant parameters:S203 concentration (600ppm),02 concentration (21%)
3.2.2) Chemicals used

3.2.2.1) Sodium thiosulfate

This chemical is the main solution in this laboratory experimental. This
solution will be put on the reaction with the atmosphere air. The solution will
be manipulated in the range of 400 ppm to 1200 ppm.
3.2.2.2) Sulfate reagent (SulfaVer4)

This chemical is use to get the data from UV-vis spectrophotometer
equipment. With addition of sulfate reagent (SulfaVer4), the UV-vis

spectrophotometer will compare the concentration of aqueous solution (plus

sulfate reagent) with the blank solution (without sulfate reagent).

10



3.2.2.3) Distilled water

This chemical is use to make the thiosulfate solution with required
concentration. Distilled water also use to dilute the thiosulfate solution before

it can be put on test on the UV-vis spectrophotometer.

3.2.3) Equipments used

3.2.3.1) Glass reactor

This equipment is use as mixing container for thiosulfate and air

reaction. The suggested size for this experimental work is 1.5 liter beaker.

3.2.3.2) UV-visible spectrophotometer

The spectrophotometer is a photometer (a device for measuring light
intensity) that can measure intensity as a function of the color, or more
specifically, the wavelength of light. The instrument used in ultraviolet-visible
spectroscopy is called a UV- visible spectrophotometer. It measures the
intensity of light passing through a sample (/), and compares it to the intensity
of light before it passes through the sample (/,). The ratio 7 / I, are called the

transmittance, and are usually expressed as a percentage (%T).

Figure 3.1: UV-vis spectrophotometer

11



3.2.3.3) Dissolved oxygen (DO) probe

This probe is use to measure the amount of DO in the aqueous solution.

3.2.3.4) pH probe

This probe is use to measure the pH of the aqueous solution.

Figure 3.2: DO and pH probes

3.2.3.5) Thermometer

This probe is use to measure the temperature of the aqueous solution.

3.2.3.6) Flowmeter (2-10 L/min)

This probe is use to control and manipulate the air and oxygen flowrate.

3.2.3.6) Sparger

This equipment is use to distribute the air injection uniformly.

12



3.2.3.7) Glass Tubing T-Shaped Connectors

This equipment is use to distribute the air from laboratory air line
and oxygen from oxygen tank in desired quantity. To meet the
objective for this part, glass tubing t-shaped connector is being used.
Theoretically, each of the tube represents V;, V, and V3.

Va \%
(22%0f0,)  (300%ofO,)

Air I

0

V,: 6mL/min
(40% of O,)

From the schematic diagram above, a few calculations on material
balance equation can be acquire to get the amount of unknown

parameters as example below.

V1+V2=V3=6........ s Rt chel )
V1(021) + V2 (1) = V3 (0.4) eeverennne.. Q)
V1, V2 =?

Figure 3.3: Glass Tubing T-Shaped Connectors

13



3.2.4) Experiments procedures

Three sodium thiosulfate experiments will be carrying out in a batch
reactor. Oxidation of sodium thiosulfate will be done by bubbling air through
the feed solution. Samples are withdrawn from time to time and analyzed by
UV visible spectrophotometer instead of chromatographic technique and old
titration technique. The effects of concentration of sodium thiosulfate and air

flow rate will be investigated.

Referring figure 3.4, there is shown an experimental setup to
demonstrate the process of removing thiosulfate ions from a solution,
comprising a glass reactor, a pH probe, sparger for mixing the air and
thiosulfate ions solution taken in the reactor. This experiment is used to
emulate the actual implementation of the same process on wastewater,
whereby oxidation of sodium thiosulfate in wastewater to generally harmless
sodium sulfate occurs. It is to be noted the pH probe is to monitor the pH of
the solution. The probe are merely measuring instruments and do not have
any role whatsoever in the reaction betauthoren advanced oxidation of
thiosulfate ions and air in solution. A glass reactor is chosen to hold the liquid
that is being tested, besides having a transparent body so that the activities in

the glass reactor can be vieauthord and analyzed.

The samples from the experiments will be taken from time to time and
analyzed using UV-vis Spectrophotometer. The results are then tabled properly
before plotting into the graph to make the trend and clear view of the
correlations betauthoren the parameters tested and the thiosulfate concentration

drop.

14



Figure 3.4: Experiment setup

Another apparatus that is submerged into the liquid in the glass

reactor is a sparger, which comprises an opening at one end and at least one

perforation to the other parts of the sparger to allow air that is being inserted

to the said opening to flow to the perforated openings. In this setup, the

perforated openings are submerged in the liquid, allowing atmospheric air to

be inserted to the opening, which is not submerged in the liquid and to flow

to the perforated openings, creating air bubbles in the liquid. This method

will dissolve the atmospheric air into said liquid.

S
Nl e

Sodium
thiosulfate

S Byl

UV-vis
spectrophotometer

Figure 3.5: Flow of experiment
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3.3) DATA COLLECTION AND ANALYSIS

Experimental result and data will be collected and tabled properly. The
concern parameters are thiosulfate ions solution’s temperature (in degree
Celcius,’C), dissolve oxygen (mg/L), pH and sulfate formation (ppm). For these
three experiments, graph of all results and data will be plotted folloauthord by

trending process.
3.4) KINETIC MODEL DEVELOPMENT

The last step in developing this process of thiosulfate removal technique is
the identification of the kinetic model. This step typically involves the
investigation of how authorll the developed models are able to track process
conditions and their ability to remove the thiosulfate. The rate law of this

oxidation process as written below:
Rate ; « [0,]*
Rate ,  [S;057]°
rn =k [0;]°
r,=k;[$,05"7°
Inr;=Ink; +0aln[0O,]
Inr,=Ink, + B In [S,0:7]
r 1o = (ki+ky) [02] “ [S:05]°

This model will become a key factor that will determine the successful of

the chosen technique in this research project.

16



CHAPTER 4: RESULTS AND DISCUSSION

4.1) Experiment 1 (effect of thiosulfate’s concentration)

Below is the tables show the result of experiment 1. The hypothesis shows

that increase of thiosulfate concentration will increase the formation of sulfate.

Which mean there is more thiosulfate been removed from the aqueous solution by

air advanced oxidation.
S,03 concentration Time(min) 0 8 16 24 32 40
pH 575 | 4.65 | 4.57 | 4.53 | 4.48 | 4.47
Temp. (°C) 25 | 24 | 24 | 23 | 23 | 22
400ppm D.O0.(mg/L) 73 [ 7.06 | 723 | 7.19 | 725 | 7.11
i LTS S
formation (ppm)
pH 502 | 446 | 439 | 437 | 442 | 439
Temp. (°C) D4e 237 k| Lo e 21 20
600ppm D.0.(mg/L) 978 | 828 | 84 | 8.63 | 848 | 8.49
ey A mailEar T s
formation (ppm)
pH 542 | 551 | 551 | 562 | 564 | 5.78
Temp. (°C) 28 - {«27 1.25--25 | 24=4.024
800ppm D.O.(mg/L) 10.05 | 10.36 | 10.75 { 10.89 | 11.08 | 11.27
prline 5w |[iae o eCE e
formation (ppm)
pH 532 | 561 | 551 | 549 | 546 | 531
Temp. (°C) 28 | 27 | 26 | 25 | 24 | 23
1000ppm D.O.(mg/L) 9.95 | 10.35|10.67 | 10.76 | 10.98 | 11.15
Sulfate
formation (ppm) 6 5 é % h
pH 505 | 5.61 | 551 | 559 | 557 | 5.7
Temp. (°C) 28 k27 5] 26 241 D4 Ji23
1200ppm D.O.(mg/L) 9.95 | 10.35|10.67 | 10.76 | 10.98 | 11.15
Sulfate
formation (ppm) ¥ 2 5 0 i

Table 4.1: Result of effect on thiosulfate concentration

17




After getting this result, the number of the sulfate formation is must to alter using the

dilute factor of four (4). Dilute factor is when the sampling, the thiosulfate solution is

diluted by the distilled water four time by its concentration. And by that, another table

shows the actual concentration in ppm of sulfate formation.

S203 (400ppm) | S203 (600ppm) | S203 (800ppm) | S203 (1000ppm) | S203 (1200ppm)
Time(mix) Sulfate Sulfate Sulfate Sulfate Sulfate
tme formation (ppm) | formation (ppm) | formation (ppm) | formation (ppm) formation (ppm)
8 0 0 0 0 0
16 0 0 20 24 36
24 4 16 24 24 36
32 8 16 24 28 36
40 8 20 20 28 40
Table 4.2: Result of effect on thiosulfate concentration (after calibration)
Effect of thiosulfate concentration
= e . :
Es . ~—&— 5203 (400ppm)
H , — , ——  —@—5203 (600ppm)
£ =i 5203 (800ppm)
:3 /."N/ p57 —>=5203 (1000ppm)
% H ~3=5203 (1200ppm)
0
-5 é 10 20 30———AH0———50

Graph 4.1: Graph of sulfate formation vs. time for manipulated thiosulfate concentration

From the above graph, author can conclude that higher thiosulfate concentration will result in

higher sulfate formation or/and higher thiosulfate concentration drop. This is due to the increasing
of the number of thiosulfate molecules which had been oxidize to become sulfate molecules. This

observation tells that thiosulfate concentration is one of the main component in the rate law of this

advanced oxidation process.

18




4.2) Experiment 2 (effect of oxygen concentration)

Below is the tables show the result of experiment 2. The hypothesis shows that
increase of oxygen concentration will increase the formation of sulfate. Which mean

there is more thiosulfate been removed from the aqueous solution by air advanced

oxidation.
Oxypon Time(min) 0 8 16 24 32 40
concentration
pH 5.02 4.46 4.39 437 442 4.39
Temp. (°C) 24 23 22 21 21 20
21% D.O.(mg/L) 9.78 8.28 8.4 8.63 8.48 8.49
Sulfate
formation - 4 4 ) )
(ppm)
pH 5.03 5.39 5.44 5.64 5.76 5.85
Temp. (°C) 24 23 22 22 21 20
40% D.O.(mg/L) 12.36 | 12.06 | 11.52 | 11.59 | 10.29 | 10.22
Sulfate
formation -2 7/ 8 10 10
(ppm)
pH 5.03 5.39 5.22 575 5.95 5.85
Temp. (°C) 24 23 23 23 21 20
50% D.O.(mg/L) 13.11 | 13.21 | 12.85 | 12.64 | 12.11 | 11.75
Sulfate
formation 16 17 16 18 19
(ppm)
pH 5.21 5.52 5.66 5.84 5.98 6.12
Temp. (°C) 24 24 23 23 21 20
60% D.O.(mg/L) 13.11 | 13.02 | 13.22 | 12.89 | 12.77 | 11.99
Sulfate
formation 17 17 19 19 20
(ppm)

Table 4.3: Result of effect on oxygen concentration

19




After getting this result, the number of the sulfate formation is must to alter using the

dilute factor of four (4). Dilute factor is when the sampling, the thiosulfate solution is

diluted by the distilled water four time by its concentration. And by that, another table

shows the actual concentration in ppm of sulfate formation.

Oxygen (21%) Oxygen (40%) Oxygen (50%) Oxygen (60%)
Timetmi) Sulfate Sulfate Sulfate Sulfate
i formation (ppm) formation (ppm) formation (ppm) formation (ppm)
8 0 0 44 44
16 16 22 44 4
24 16 22 40 55
32 20 20 22 2
40 20 20 48 48
Table 4.4: Result of effect on oxygen concentration (after calibration)
Effect of oxygen concentration
R e
3
< - —4— Oxygen (21%)
O
“é'f A0 -~ Oxygen (40%)
S Oxygen (50%)
% 0 s —>—Oxygen (60%)
= o
=
0 0 10 30 40 50

Graph 4.2: Graph of sulfate formation vs. time for manipulated oxygen concentration

From the above graph, author can conclude that hihger oxygen concentration will result in

higher sulfate formation or/and higher thiosulfate concentration drop. This is due the

concentration of oxygen increases, it provide more molecule to react with thiosulfate in

advanced oxidation process that form sulfate. This observation tells that oxygen concentration

is one of the main component in the rate law of this advanced oxidation process.

20




4.3) Experiment 3 (effect of air flowrate)

Below is the tables show the result of experiment 3. The hypothesis shows that

increase of air flowrate will increase the formation of sulfate. Which mean there is

more thiosulfate been removed from the aqueous solution by air advanced oxidation.

Air flowrate Time(min) 0 8 16 24 32 40
pH 373 4.55 4.57 4.53 4.5 4.47
Temp. (°C) 25 24 24 23 22 22
4 L/min D.O.(mg/L) 7.29 715 723 7.19 7.15 712
Su.lfate 5 1 5 5 5
formation (ppm)
pH 5.02 4.46 4.39 4.37 4.42 4.39
Temp. (°C) 24 23 22 21 21 20
6 L/min D.O.(mg/L) 9.78 8.28 84 8.63 8.48 8.49
Sulfate 4 4 4 5 5
formation (ppm)
pH 5.17 5.07 5.05 5.05 5.01 497
Temp. (°C) 23 25 24 23 23 22
8 L/min D.O.(mg/L) 9.84 10.05 10.75 10.98 11.19 11.35
g 11 1 10 12 12
formation (ppm)
pH 5.03 5.39 544 5.64 5.76 5.85
Temp. (°C) 24 23 23 23 21 20
10 L/min D.O.(mg/L) 10.04 10.85 11.07 11.29 11.48 11.62
Setate T S R S R T
formation (ppm)

Table 4.5: Result of effect on air flowrate
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After getting this result, the number of the sulfate formation is must to alter using the
dilute factor of four (4). Dilute factor is when the sampling, the thiosulfate solution is
diluted by the distilled water four time by its concentration. And by that, another table

shows the actual concentration in ppm of sulfate formation.

Air flowrate Air flowrate Air flowrate Air flowrate
(4 L/min) (6 L/min) (8 L/min) (10 L/min)
. . Sulfate Sulfate Sulfate Sulfate
Time(min) : : . :
formation (ppm) formation (ppm) formation (ppm) formation (ppm)
8 0 0 0 0
16 0 0 44 48
24 4 16 44 48
32 8 16 40 32
40 8 20 48 52

Table 4.6: Result of effect on air flowrate (after calibration)

Effect of air flowrate
60 —
” A M

40 |

—4— Air flowrate(4 L/min)
30

—@— Air flowrate(6 L/min)
— - Air flowrate(8 L/min)
e /l'\-l/. == Air flowrate(10 L/min)
— .
gl a2 2

{ 10 20 30 40 50
10 —

20

sulphate formation(mg/L)

Graph 4.3: Graph of sulfate formation vs. time for manipulated air flowrate

From the above graph, author can conclude that higher air flowrate will result in higher sulfate
formation or/and higher thiosulfate concentration drop. This is because of oxygen molecules
that contain in the air system which provide more molecules to react with thiosulfate in

advanced oxidation process that form sulfate.
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4.4) Rate law

Stoichiometry for reaction betauthoren thiosulfate and air is:
S,0:% + 20, + H,0 < 250,% + 2H*
The stoichiometry shows that 1 mol of S, 032_ is needed to produce 2 mol of S0,%".

1z
(96)

So 1g of S0,%” =
=1.1667 (for 1 mol)
For 2 mol of SO; * = 1.1667 x 2
=2.333

2.333 need to be multiplied with the sulfate concentration to get thiosulfate consumed
concentration.(Develop table of thiosulfate consumed concentration). Then, to get
thiosulfate unreacted concentration, this equation is used (Develop table of thiosulfate

unreacted concentration):
unreacted concentration = initial concentration — consumed concentration

Table of thiosulfate unreacted concentration used to tabulate the graph of thiosulfate vs.

time to get the reaction rate.
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This is the derivation of rate law:

Combine equation (3) with (4):

4.4.1 Experiment 1 (effect of thiosulfate’s concentration)

1% [0z (1)

126 [S208P.......(2)

r1 = kif0z]

12 = ko[ S2052-JF

Inri =Inki + alnf0;].......(3)

Inrz =Inkz + B In[S207]........... 4)

rr = (ki1+kz) [Oz] [S205% ]

S203 S203 S203 S203 S203
(400ppm) (600ppm) (800ppm) | (1000ppm) | (1200ppm)
Thiosulfate Thiosulfate | Thiosulfate | Thiosulfate Thiosulfate
Time(min) consumed consumed consumed consumed consumed
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

0 0.0000 0.0000 0.0000 0.0000 0.0000
8 0.0000 0.0000 46.6600 55.9920 83.9880
16 9.3320 37.3280 55.9920 55.9920 83.9880
24 18.6640 37.3280 55.9920 65.3240 83.9880
32 18.6640 46.6600 46.6600 65.3240 93.3200
40 27.9960 46.6600 55.9920 65.3240 93.3200

Table 4.7: Thiosulfate consumed concentration (Exp 1)
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S203 S203 S5203 S203 S203
(400ppm) | (600ppm) | (800ppm) | (1000ppm) | (1200ppm)
Time(mi Thiosulfate | Thiosulfate | Thiosulfate | Thiosulfate | Thiosulfate
n) unreacted(mg/ | unreacted(mg/ | unreacted(mg/ | unreacted(mg/ | unreacted(mg/
L) L) L) L) L)
0 400.00 600.00 800.00 1000.00 1200.00
8 400.00 600.00 753.34 944.01 1116.01
16 390.67 562.67 744.01 944.01 1116.01
24 381.34 562.67 744.01 934.68 1116.01
32 381.34 553.34 753.34 934.68 1106.68
40 372.00 553.34 744.01 934.68 1106.68

® QW = —=C VWO = T =

(3 oo )50 ~ o =~ #3060 3006

Table 4.8: Unreacted thiosulfate concentration (Exp 1)

“y'=-3E-05%° + 0.003%% - 0.126x® + 2.278x2 - 18.64x 1000 s $203
] RZ=1 (800p
\ = = — p m)
Joy= -1E-05x° + 0.001x* - 0.054)3 + 1.075x% - 11.60x + 800
RZ=1 >e=S5203
(1000
| y=S5E-05x5-0.005x* +0.189x - 2.958x2 + 13.90x + 600 i
Aot =5=—5203
¢ = —— — — — (1200
y = =7E-06%5 + 0.000* - 0.012%* + 0.036x% + 0.272x + 400 e
T Rz = 1 T T T T 1
0 5 10 15 30 35 40 45
Time (min)

Graph 4.4: Unreacted thiosulfate concentration vs. Time (Exp 1)
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Thiosulfate S203 S203 S203 S203 S203
concentration
400 600 800 1000 1200
(mg/L)
Rate, r 0.272 13.9 11.6 18.64 22.74
In S203 5.991464547 | 6.396929655 | 6.684611728 | 6.907755279 7.090076836
Inr -1.301953213 | 2.63188884 | 2.451005098 | 2.925309809 3.124125488

Table 4.9: Data for kinetic modeling S;0;

Inrvsin S203

5 gl
| o

" g y=3663x=2226——  —eInr
/ R*=0.741 ——Linear (Inr)

r
0 / T T 1
57 6.2 6.7 7.2
_1 (

-2

In S203

Graph 4.5: Inr vs. In S;05"

From the graph, the linear line cross Y-axis at In k, =-22.26

Sok,=2.151 exp-10

While the slope is B = 3.663
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4.4.2 Experiment 2 (effect of oxygen concentration)

Oxygen (21%) Oxygen (40%) Oxygen (50%) Oxygen (60%)
Time(min) Thiosulfate Thiosulfate Thiosulfate Thiosulfate
consumed (mg/L) | consumed (mg/L) | consumed (mg/L) | consumed (mg/L)
0 0.0000 0.0000 0.0000 0.0000
8 0.0000 0.0000 149.3120 158.6440
16 37.3280 65.3240 158.6440 158.6440
24 37.3280 74.6560 149.3120 177.3080
32 46.6600 93.3200 167.9760 177.3080
40 46.6600 93.3200 177.3080 186.6400
Table 4.10: Thiosulfate consumed concentration (Exp 2)
Oxygen (21%) Oxygen (40%) Oxygen (50%) Oxygen (60%)
Time(min) Thiosulfate Thiosulfate Thiosulfate Thiosulfate
unreacted (mg/L) | unreacted (mg/L) | unreacted (mg/L) unreacted (mg/L)
0 600.00 600.00 600.00 600.00
8 600.00 600.00 450.69 441.36
16 562.67 534.68 441.36 441.36
24 562.67 525.34 450.69 422.69
32 553.34 506.68 432.02 422.69
40 553.34 506.68 422.69 413.36

Table 4.11: Unreacted thiosulfate concentration (Exp 2)
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Thiosulfate concentration vs time
650.00

= 5E-05x5 - 0.005x% + 0.189%3 - 2.958x2 + 13,90x + 600

600.00 B
’ RZ=1

E

2

S

£ 550,00 g

3 y = 7E-05x° 2903 - 4.617x2 + 21.96x + 600

£ RE= ={i— Oxygen (40%)

S 500.00 S Jiapa acae Oxygen (50%)

& =0.000x* - 0.078x3 + 2.631x2 - 35.10x + 600.0

E RZ=1 =>&=Oxygen (60%)

© 450.00

= 2_50.84x + 600

400.00 Rl
0 10 20 30 40 50
Time (min)
Graph 4.6: Unreacted thiosulfate concentration vs. Time (Exp 2)
Oxygen 02 02 02 02
concentration (%) 0.21 0.4 0.5 0.6

Rate, r -13.9 -42.38 35.1 50.84
In O2 -1.560647748 | -0.916290732 | -0.693147181 -0.510825624
Inr 2.63188884 | 3.746676553 | 3.55820113 3.928683446

Table 4.12: Data for kinetic modeling O,
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InrVsinO2

| 4 —
/v=1184x+4556 - o R=inie

g .
/ R?=0.886 —Linear (Inr)

(44}
|

In 02

Graph 4.7: Inr vs. In O;

From the graph, the linear line cross Y-axis at In k; = 4.556

So k;=95.201
While the slope is = 1.184

The data collected from experiment 1 and 2 are used for kinetic modeling to find the rate
value for formation of sulfate. Formation of sulfate is equal to thiosulfate removed. The

value for a and B are 1.184 and 3.663.
rr= (krtk) [O] [S:05"F

rr=(95.201) [0,]""* [S,05 %
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CHAPTER 5: RECOMMENDATION & CONCLUSION

Some recommendation is stated under this chapter. For the experimental issues,
the first recommendation is to consider of using catalyst in the reaction to increase the
rate of removing the thiosulfate concentration in aqueous solution. The catalyst
recommend are Titanium Dioxide (TiO;) and Zinc Oxide (ZnO). Second
recommendation is to study the effect of other AOP combinations such as UV light and
ultrasound. Finally, students must using the gloves all the time during the handling

sulfaVer4 reagent because this reagent containing barium chloride which is really

hazardous.

As for the conclusion, this project is to study on the parameters affecting the
oxidation of thiosulfate using atmosphere air. Result for the three experiments show that
by increasing all the parameters’ value (thiosulfate concentration, oxygen concentration
and air flowrate), more sulfate molecule will form and more thiosulfate molecule will be

removed.

Rate law equations show that o and B have the positive values as the rate of
thiosulfate oxidation is directly proportional with thiosulfate and oxygen concentration.
The rate depends on both thiosulfate and oxygen concentration but is more dependent on

thiosulfate concentration since B value is bigger compared to o
AOP increases the rate of thiosulfate oxidizes which will lead to the better

removal of thiosulfate from the aqueous solution. This method was proven to be

effective for thiosulfate removal.
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