IOP Conference Series: Earth and
Environmental Science

PAPER « OPEN ACCESS You may also like

- Metal Oxide Coatings on Carbon

Study on Process Technology of Raw Material Elctodes wih Latoe Mesopores o _
eeply arge INC bromine Redox Flow

Water Pretreatment for Extracting Bromine Batteries

Brian P. Williams, George L. Shebert and
Yong Lak Joo
To cite this article: Yanan Zhang et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 384 012114 - Equilibrium Properties of a Bromine-

Bromide Electrolyte for Flow Batteries
Mattia Duranti, Edoardo Gino Macchi and

Luigi Crema

- Bromination of 2D materials
Eva Marie Freiberger, Julien Steffen,
Natalie J Waleska-Wellnhofer et al.

View the article online for updates and enhancements.

(EE\ N =y DISCOVER
i = how sustainability

The - : intersects with

EleCtSrggg%f/niC&“ electrochemistry & solid

Advancing soid state & state science research

electrochemical science & technology

This content was downloaded from IP address 3.149.213.209 on 06/05/2024 at 08:17


https://doi.org/10.1088/1755-1315/384/1/012114
https://iopscience.iop.org/article/10.1149/2.1531910jes
https://iopscience.iop.org/article/10.1149/2.1531910jes
https://iopscience.iop.org/article/10.1149/2.1531910jes
https://iopscience.iop.org/article/10.1149/2.1531910jes
https://iopscience.iop.org/article/10.1149/1945-7111/ab98a7
https://iopscience.iop.org/article/10.1149/1945-7111/ab98a7
https://iopscience.iop.org/article/10.1088/1361-6528/ad1201
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsu2-yyeuJVY76OWiqJae0cjck73_Awbs5XylkAVpoK8LIcgSKYchSJUbaKI8N8-LbNI0sXXPkWChRZRQfs3bsSVIFU1XyCXvh4BVYqewJCcycJfAS8tSyCQSW_MquJW-Kshg_kTTJpAvD0PMD3TF1k1nHDVOHVp2ohbX2ttjRAfbOR2-0ifMkHQrCGIurwaQlve8aanXRTSfT6LO3y6b4lsLcrIXvE3grByKFGyOazfOOuBdvaj62NWa70dSVmTOZa2WhOnh3DRJI-tZKhAQdVKVdcDSMpHTYd9RHd-w2dhDHjqny4qztAbgUQTeFKUHPI47_CSAFdJXUZBTOR9lYABsg6JbQ&sig=Cg0ArKJSzJpJh-MMKVEb&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

2019 International Conference on Oil & Gas Engineering and Geological Sciences IOP Publishing
IOP Conf. Series: Earth and Environmental Science 384 (2019) 012114  doi:10.1088/1755-1315/384/1/012114

Study on Process Technology of Raw Material Water
Pretreatment for Extracting Bromine

Yanan Zhang, Da Song, Ying Yao, Xiaocui Hao, Wei Liu, Tao Li, Qi Zhang*

Institute of Seawater Desalination and Multipurpose Utilization, MNR(Tianjin),
Tianjin 300192, China

*Corresponding author e-mail: zghaoyun@163.com

Abstract. In view of the characteristics of different bromine raw materials such as
seawater, desalinated concentrated seawater, and cultured salt brine, the raw material
liquid is carried out by examining physical and chemical indicators such as temperature,
turbidity, pH, Br, suspended solids, COD, residual chlorine and chemical components.
Purification, acidification, oxidation and other pretreatment processes are studied to
form a pretreatment process suitable for different bromine feedstocks. Satisfy the
influent water quality requirements of different bromine extraction methods, form a
mature pretreatment process, provide important support for the related vertical issues in
the field of bromine and the application of horizontal development projects such as
feasibility study and design, and help to achieve desalination projects and The scientific
combination of bromine engineering.
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1. Introduction

Bromine is an important basic chemical raw material. In 2016, the annual global output was about
820,000 tons. It is widely used in medicine, pesticides, flame retardants, fire extinguishing agents,
refrigerants, photographic materials, fine chemicals, oilfield mining and other fields!!'*!. There are many
methods for the production of bromine, and currently 90% of the production of bromine is carried out
by air-frozen acid absorption.A simplified process for the bromine process by acid is shown in Figure
1.

Liquid bromine is not directly distilled from bromine-containing seawater, but is subjected to "air
blowing, SO, absorption, oxidation" because the content of bromide ions in seawater is small. Before
seawater is extracted, bromine must be concentrated. The process of blowing, SO, absorption, and
chlorination is actually a concentration process of Brz, which is more efficient, less energy-consuming,
and less costly than direct distillation of Br,-containing seawater.

The main cost of using bromine in concentrated seawater is in the blowing process. Therefore,
controlling the ratio of concentrated seawater to acid and chlorination in the blowing process and
bromine content in the absorbing liquid can play a decisive role in the cost of bromine.
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Figure 1. Acid Process Bromine Process
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2. Research content

Study different chlorine ratios (100%, 110%, 120%, 130%, 140%, 150%, 160%) under different
temperature (10°C, 20°C, 30°C), different pH values (2, 3, 4) to obtain the best process conditions for
the oxidation effect of bromide ions in the raw materials; at the same time, obtain the comprehensive
cost (acid and chlorine gas consumption) under the optimal conditions, and form the optimal
pretreatment process for extracting bromine from different raw materials.

3. Experimental program

At a constant temperature, 10 L of the feed liquid was added to a 20 L stirred, temperature-controlled
laminated glass reactor, and a certain amount of dilute sulfuric acid (20%) was added dropwise to adjust
the pH, and then the mass flow meter and the corresponding shut-off valve were used. The chlorine gas
was metered in. After the reaction was equilibrated, 100 ml of the feed liquid was taken from the bottom
of the reaction vessel for partial detection. The bromine plant was used to determine the total amount of
bromine chloride. The chlorine ratio was determined by using the industry standard. The bromide ion
content in the feed liquid was determined and the oxidation rate was calculated to obtain the relationship
between the chlorine distribution rate and the oxidation rate under the condition. After a set of
experiments is completed, the waste liquid is discharged after passing through an excess of sodium
hydroxide solution for neutralization. Replace the new material solution for the next set of experiments.
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Figure 2. Acidification oxidation experiment equipment



2019 International Conference on Oil & Gas Engineering and Geological Sciences IOP Publishing
IOP Conf. Series: Earth and Environmental Science 384 (2019) 012114  doi:10.1088/1755-1315/384/1/012114

4. Experimental results

4.1. Raw material liquid analysis

In this project, different raw material liquids such as seawater, desalinated concentrated seawater and
cultured salt field brine are taken as research objects. Physical and chemical indicators such as
temperature, turbidity, pH, Br, suspended solids, COD and chemical components are investigated to
purify the raw material liquid. Research on pretreatment processes such as acidification and oxidation.

Table 1. Analysis of raw material composition

Seawater Yantian brine Bromine waste
Baume 4 3.6 3.75
Turbidity 2.56 2.63 3.52
pH 8.21 6.95 5.66
SPM (mg/L) 12 32 12.5
Na“® (mg/L) 12428 11618 12058
K* (mg/L) 459 403 417
Mg* (mg/L) 1308 1203 1265
Ca* (mg/L) 419 405 454
Cl" (mg/L) 20452 19007 19737
Br (mg/L) 83 26 26
SO (mg/L) 3275 3079 3176

In the industry, the bromine raw material liquid is subjected to coarse filtration to remove some
impurities visible to the naked eye, and the large particles are screened out to ensure that the pipes and
equipment are not blocked, and that calcium sulfate crystal precipitation does not occur.

According to the above data analysis, the brine of 83 mg/L of Br  was selected as the raw material
liquid, and the experimental study of the acidification oxidation process was carried out.

4.2. Acidification Oxidation Process

4.2.1. Effect of temperature on bromine production
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Figure 3. Seawater bromine blowing rate and gas-liquid ratio relationship diagram under different
temperature
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During the chemical reaction process, temperature is an important factor affecting the reaction rate.
It determines the desorption process of bromine. When the temperature decreases, the equilibrium partial
pressure of bromine decreases, the mass transfer driving force decreases correspondingly, and the
conversion rate of bromine decreases accordingly. Achieving the same amount of blow rate requires an
increase in the amount of blown air. The relationship between the seawater blowing rate and the gas-
liquid ratio at different temperatures was studied experimentally, and the relationship between the
bromine blowing rate and the gas-liquid ratio in seawater was obtained.

4.2.2. Effect of pH on bromine production
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Figure 4. Relationship diagram of chlorine in oxidized liquid and bromine content in the solution
under different pH

In the process of extracting bromine, the ionic state Br-Bromide in seawater is first oxidized to Br,
and Br; is easily hydrolyzed. To prevent hydrolysis, it is necessary to increase the concentration of H+
in the solution, that is, to lower the pH of the solution. Cl, as an oxidant has stronger oxidizing ability
under acidic conditions, and the change of free bromine content in solution at different pH values is
obtained through experiments. According to the data analysis, the highest oxidation rate of bromine in
the solution is about 86% when the pH value is about 4. When the pH value is about 2-3, the bromine
in the solution is completely present in the molecular state Br,, and when the acidity of the solution is
stronger, Consume more concentrated acid, in order to reduce the production cost, control the pH value
of the solution at about 3 can have a better effect.

4.2.3. Effect of chlorine distribution rate on bromine production. In order to increase the extraction rate
of bromine in the solution, in order to reduce the chlorine consumption of the solution, the chlorine
production cost can be reduced to reduce the production cost of bromine. Therefore, it is necessary to
find the best chlorine distribution rate to achieve a win-win situation, the chlorine distribution rate and
the oxidation rate. (Br, content in solution) diagram, it can be seen that under the premise of a certain
temperature and acidity, it is more suitable to control the chlorine content, that is, the chlorine ratio is
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between 110% and 125%. At this time, the oxidation rate of bromine is above 98.0%, has reached the
optimal level of bromine conversion.

5. Conclusion

In order to increase the blowing rate of concentrated seawater, the pH value is controlled at 3.0 according
to the experimental data, and the chlorine distribution rate is 110%-125%. Since the bromine content of
concentrated seawater is only 0.1 kg/m?, according to the bromine yield of 70%, the extraction of 1t
bromine requires about 14,000 m® of concentrated seawater. Under the different acidification pH value
and chlorine distribution rate of the blowing process, the material The consumption is quite different.
Therefore, strict control of production process parameters plays a crucial role in reducing costs.
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