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Abstract 

Sulphuric acid is a backbone of chemical industry, agriculture and energy sectors. Tanzania has potential sources of producing 

its own sulphuric acid. The three most common methods: contact process, wet process and lead chamber process of producing 

sulphuric acid are reviewed. A modified lead chamber method can be a preferred method of producing the mineral acid by 

using local available raw materials according to Tanzania environment. Among of raw materials, pyrites from Samena area in 

Geita Region, Tanzania are the most potential, although there are also other sources from operating gold mines. Production of 

sulphuric acid in Tanzania could make a meaningful contribution to country economy.  
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1. Introduction 

Sulphuric acid is produced from sulphur dioxide (SO2) via 

either of three methods: contact process, wet process and lead 

chamber method. Sulphuric acid has got a wide variety of uses 

to the extent that the country economy could be measured by 

the quantity of sulphuric acid it consumed. More sulphuric 

acid is produced each year than any other manufactured 

chemical, because it is used in production of fertiliser and 

manufacture of other chemicals such as hydrochloric acid, 

nitric acid, dyes and explosives [1, 2]. World production of 

sulphuric acid was about 121 million tons in 1977 and about 

half of this production was used in fertiliser production [3, 4]. 

In 1980, over 82% of all sulphuric acid used in Africa went 

into production of fertilisers and 13% went into extraction and 

treatment of metals [1]. It is evident that producing of 

sulphuric acid is a breakthrough in industrial chemistry and a 

workhorse chemical of industrial world. 

Approximately 80% of Tanzanians are employed by the 

agricultural sector, which accounts for half of the national 

income and three quarters of the merchandise exports in the 

country [5]. An insignificant agricultural production growth is 

setting back efforts in achieving of Millennium Development 

Goals (MDGs) due to its link to poverty alleviation. Irz et al. 

[6] reported a strong link between agricultural production 

growth and poverty alleviation. The significance of the 

agricultural sector in terms of potential economic growth and 

poverty reduction has been recognised by the government, 

which has also recognised the roles that outside factors 

including infrastructure, rural financial services, land 

ownership and good governance has played and continue to 

play in the development of the sector [5]. 
To tackle the challenges, Tanzania government in 

2013/2014 financial year established Big Result Now (BRN). 

It is a new policy which aims to adopt new methods of 

working under specified time frame for delivery of the 

step-change required. It focuses on six priority areas of 

economy namely: energy and natural gas, agriculture, water, 

education, transport and mobilisation of resources. The policy 

will enable the country to move to middle class economy 

using priority areas articulated in the Tanzania National 

Development Vision 2025. 
Tanzania has got potential sources of producing its own 

sulphuric acid. However, these sources are under utilised. The 

purpose of this paper is to review the methods of producing 

sulphuric acid based on local available raw materials and its 
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impact to Tanzania’ economy so as to 

attention. 

2. Potential Sources  

Sulphur dioxide (SO2) is the key intermediate in production 

of sulphuric acid; it is obtained from natural gas and oil. 

However, African oil is generally low in sulphur. The only 

significant source of SO2 in Africa is sulphides ores, mainly 

copper sulphide (Cu2S) and pyrites (FeS2). Other sources of 

SO2 are coal gas obtained by burning coal and th

from many industrial processes [1]. Pyrite (FeS

common sulphide mineral which contains up to 53% sulphur. 

Although the burning of elemental sulphur is the main 

technology for production of sulphuric acid, roasting of pyrite 

can be an alternative process once pyrite is available. 

Tanzania has got huge reserves of pyrites. Among of them, 

is Samena Pyrite with an estimation of 6200 metric tons of 

sulphur per meter depth [7, 8].Samena hill is located 

the Lake Victoria Zone, in Geita Region.

geological data showed that Samena Pyrite from Tanzania 

contains up to 47% sulphur, negligible arsenic mineable 

sulphide-rich material to a depth of 300 m, 6200 metric tons of 

sulphur per metre of depth [7, 8]. This is a hug

sulphur which has potential of producing one million ton

of sulphuric acid [8]. With such a huge reserve of pyrites, there 

is a need to study utilisation of it. One of the significant uses is 

production of sulphuric acid. Fig1 shows a simp

geological map of Samena.  

In addition, Tanzania is the fourth largest gold producer in 

Africa after South Africa, Ghana and Mali [9]. Gold 

production currently stands at roughly 40 tons a year, copper 

at 2980 tons, silver at 10 tons and diamond at 

total the mining sector contributes 2.8% to GDP each year but 

this could rise considerably in future years, with Business 

Monitor International (BMI) forecasting average annual 

growth in the sector of 7.7% between 2011 and 2015 years. 

BMI also predicts doubling in value of the sector between 

2010 and 2015 years, from US $ 0.64 bn to US $ 1.28 bn [9]. 

The geological properties show that there is great correlation 

existing between pyrite and gold. The more iron contained in 

the seam, the more likely the presence of gold. That is the 

logic for prospectors to call iron, “The Mother of Gold".  

According to Koglin et al. [11], high Cobalt/Nickel (Co/Ni) 

ratios and low gold (Au) concentrations are obtained from 

post sedimentary pyrite, which is hydrothermal in origin. 

Co/Ni ratios and high Au contents are obtained from 

concentric pyrite grains which are syn-sedimentary in origin. 

High Au contents may indicate a genetic relationship between 

pyrites and gold. It is evident that large amount of gold 

mined from Tanzania Mining Companies namely; Bulyanhulu, 

Geita Gold Mine, North Mara, Golden Pride and Buzwagi and 

a large amount of pyrites are by-products, which can be 

recovered to produce useful products. Fig

prospects and gold mines in Tanzania.  
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Fig. 1. Geological Map of Samena [10]

Fig. 2. Mineral Prospects and Gold Mines in Tanzania [13]

Moreover, there exists a bulk reserve of tailings from small 

scale miners with significant composition of pyrite. The 

occurrences of elemental sulphur in Tanzania which are 

considered not potential for large scale production are the 

inner crater of Kibo in Mt. Kilimanjaro, Utete district in Coast 

Region (around 0.2% S), hot spring of Lake Manyara and Ras 

Matunda in Mnazi-bay in Ruvuma (0.84% S). These areas do 

not qualify as mineral reserves according to the Tanzania 

Ministry of Energy and Minerals (MEM)’ r

which require any deposit to contain a reserve of greater than 

100,000 tons of mineral ore containing at least 20% of S and 

after purification, the product should contain: > 99%

As and < 2.0 ppm Se+Te for it to qualify as mineral re

[12].   

With such huge potential sources, Tanzania has no reason of 

continuing importing sulphuric acid. Sulphuric acid can be 

locally produced using existing pyrite reserves and other 

mentioned sources. It is a call for researchers, scientists and 

engineers to pay attention to pyrite existence in these areas as 

potential sources in producing sulphuric acid.

Acid in Tanzania and Potential Sources: A Review 
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Moreover, there exists a bulk reserve of tailings from small 

scale miners with significant composition of pyrite. The 

occurrences of elemental sulphur in Tanzania which are 

considered not potential for large scale production are the 

Mt. Kilimanjaro, Utete district in Coast 

Region (around 0.2% S), hot spring of Lake Manyara and Ras 

bay in Ruvuma (0.84% S). These areas do 

not qualify as mineral reserves according to the Tanzania 

Ministry of Energy and Minerals (MEM)’ requirements, 

which require any deposit to contain a reserve of greater than 

100,000 tons of mineral ore containing at least 20% of S and 

after purification, the product should contain: > 99% S, < 0.25% 

+Te for it to qualify as mineral reserve 

With such huge potential sources, Tanzania has no reason of 

continuing importing sulphuric acid. Sulphuric acid can be 

locally produced using existing pyrite reserves and other 

mentioned sources. It is a call for researchers, scientists and 

ngineers to pay attention to pyrite existence in these areas as 

potential sources in producing sulphuric acid. 
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3. Methods of Producing Sulphuric 

Acid  

There are three major methods for producing sulphuric acid 

namely, contact process, wet process and lead chamber 

process. A study is needed to produce sulphuric acid based on 

pyrite from Tanzania as raw material using an economical, 

small-scale process.  

3.1. Contact Process 

Contact process is the currently leading method for 

producing sulphuric acid in terms of quality and quantity to 

meet the industrial requirement. The method is much 

superior to former lead chamber method. SO2 is catalytically 

converted into SO3 in a reversible reaction. According to Le 

Chatelier's Principle, to favour the equilibrium to shift to the 

product side, it is operated either in high pressure or in high 

concentration of reactants. 

To achieve high concentration of reactants, it is easy and 

cheap because oxygen which is among of reactants can be 

obtained in air in any required amounts. To operate in high 

pressure, it is not advantageous. The catalysts used (platinum 

or vanadium pentoxide (V2O5)) are expensive and platinum is 

poison due to possibility of formation of arsenic. Although 

high quality (of concentration of around 98%) and quantity 

of sulphuric acid can be obtained, the high price of catalyst, 

high operating temperature and pressure during formation of 

sulphur trioxide are obstacles for implementing this method 

in Tanzania.  Steps 1 to 4 show key reactions in the 

production of sulphuric acid by contact process. Step 5 could 

replace step 3 and 4. However, the reaction is highly 

exothermic such that the product is vapour; the condensation 

is slow and expensive.   

 

*Conditions-Temp: 450-500ᵒC; Pres: 2 atm; Catalyst: V2O5 

3.2. Wet Process 

Wet process is a method of recovering sulphur from off 

gases to produce commercial grade concentrated sulphuric 

acid. The potential industries for this method are refinery and 

petrochemical industry, metallurgy industry, coal based 

industry (coking and gasification), power industry and 

sulphuric acid industry. The wet process plant provides a 

high sulphur recovery and the heat recovered causes a 

substantial steam production. The heat recovery rate is high 

and low cooling water consumption, resulting in superior 

cost performance [14]. The main steps for wet process are: 

 

**Conditions-Catalyst: V2O5 

The wet catalysis differs from other contact sulphuric acid 

process in that the feed gas contains excess moisture when it 

comes into contact with the catalyst. The SO3 formed by 

catalytic oxidation of the SO2 reacts instantly with the 

moisture to produce sulphuric acid in the vapour phase to an 

extent determined by temperature. The liquid acid is 

subsequently formed by condensation of the sulphuric acid 

vapour and not by absorption of SO3 in concentrated acid, as 

is the case in contact processes based on dry gases. 

With the growing sensitivity to atmospheric pollution, the 

recovery of sulphur from the waste gases will no doubt 

increase. Starting with a low SO2 concentration (0.2 to 6 %) 

can produce strong 98% concentration of sulphuric acid [15, 

16]. However, the method is not feasible in Tanzania and 

Africa in general due lack of potential industries that are 

capable of installing this process.  

3.3. Lead Chamber Method 

This was the first industrial method to produce sulphuric 

acid in large quantity. It was introduced in Europe in the 

middle of 18th Century. The method uses nitrogen dioxide 

(NO2) as oxygen carrying catalyst for the conversion of SO2 

to SO3 in a packed chamber. The main advantage is that, once 

NO2 is produced, it donates oxygen to become nitrogen oxide 

(NO) and NO takes oxygen from air to form NO2. It is easy, 

continuous and cheaper process. The concentration of acid 

produced by this method is less than 80%. This is the major 

limitation of the process. However, over 60% of world’ 

production of sulphuric acid is used to make fertilisers [3, 4], 

which needs only 65% concentration of the acid. Therefore 

this method seems to be more preferable in developing 

countries like Tanzania, in which agriculture is the backbone 

of the economy.  

Lead chamber process can be modified in four steps to 

produce sulphuric acid starting with pyrites (FeS2). 

1. Formation of SO2 by roasting of pyrites 

 

2. Formation of NO (oxygen carrier)   

 

3. Conversion to NO2 

 

4. Formation of sulphuric acid 
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Step 4 is formed by combining gaseous products in reaction 

1, 2 and 3. In step 3, NO takes an atom of O from the air to 

form NO2, and at once gives it up to the H2SO3 (H2O + SO2), 

making sulphuric acid, and again goes through the same 

operation of taking up O and passing it along. It is continuous 

process of reproducing NO. Fig3 shows the process of 

converting pyrites to clean SO2 which involve four steps. 

 

Fig. 3. Block diagram for production of SO2 from pyrites 

 

Fig. 4. Modified Lead Chamber Method 

Pyrite cinder is a byproduct during roasting of pyrites, and 

it is mainly iron oxide (Fe2O3). Gas entering dehydration 

must be dust free to avoid plugging downstream 

SO2-oxidation catalyst. Dust is removed from the gas by a 

series of electrostatic precipitation and scrubbing steps [15]. 

Drying is important to avoid unexpected formation of 

sulphuric acid that would affect performance of catalyst. 

Conc. H2SO4 has got a characteristic of dehydrating agent; it 

is used to dry the gas. Block diagram for a modified lead 

chamber process is shown in Fig4. 

4. Producing Sulphuric Acid in 

Tanzania 

Among the three reviewed processes, it can be seen that 

lead chamber process is suitable for producing sulphuric acid 

from pyrites and the method fits well to Tanzania 

environment, only few modifications are needed. Currently, 

the University of Dodoma, Tanzania, is studying appropriate 

and potential sources and methods of producing 30% 

concentration of sulphuric acid, a chemical needed for 

developing its own solar cells. This is in line with the idea of 

branding the university into a centre of solar technology in 

Tanzania. 

5. Uses and Contribution to 

Socio-economic Development in 

Tanzania 

Locally produced sulphuric acid could help to reduce 

importation costs of the acid and contribute to 

social-economic development of the country. Fertilisers 

produced using sulphuric acid may significantly contribute to 

agricultural sector growth, a backbone of Tanzania economy. 

This will go hand in hand with BRN priority 2, Tanzania 

National Development Vision 2025 and MDG 1 of 

eradicating extreme poverty and hunger. 

Tanzania has got potential in using solar energy. It has got 

2800-3500 hours of sunshine per year and global radiation of 

between 4 to 7 kWh/m2/day [17]. Production of sulphuric 

acid for solar cells will make a significant contribution in 

developing infant technology of solar, which implies that, 

produced sulphuric acid may have contribution to energy 

sector as well. More than 80% of Tanzanians does not have 

access to grid electricity [18]. Hydropower is a major source 

of power generation where 561MW were produced in 2012 

which is 57% of total power generation [19]. The major 

sources of energy in Tanzania are biomass (wood fuel and 

charcoal), hydropower and fossil fuels (natural gas oil, 

petroleum-base fuels and coal), where biomass, 

petroleum-base fuels and hydropower contribute 90%, 8% 

and less than 2% respectively of total energy consumption 

[20]. The potential for grid tied solar in 2025 could be about 

800MW [17]. The link between energy, economic growth, 

poverty reduction and sustainable development is emphasised 

in MDGs, BRN priority 1 and Tanzania National 

Development Vision 2025. 

Sulphuric acid is considered next to human food, 

indispensable chemical needed for modern civilisation, 

which is used directly or indirectly. Sulphuric acid is a 

chemical produced in largest quantity in terms of mass and 

most used in chemical industry. It is the basis of all acids and 

most alkalis. It is employed in bleaching, dyeing, printing, 

telegraphy, electroplating, galvanizing iron and wire, 

cleaning metals, refining gold (Au) and silver (Ag), making 

alum, vitriols, glucose, mineral waters, ether, indigo, 

nitroglycerine, celluloid etc. Sulphuric acid is the life of 

chemical industry and the quantity of it produced, is an index 

of a people’s civilisation [21]. 

Effluents 

Pyrite burner 

Pyrite Cinder 

Dust filter Washing tower 

Air 

Pyrites 

Water 

Drying 

Conc. H2SO4 

Clean SO2 
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6. Conclusion 

Tanzania has potential sources of producing its own 

sulphuric acid. Sulphuric acid is a backbone of chemical 

industry, agriculture and energy sectors. Currently, there are 

three common methods of producing sulphuric acid in large 

scale namely as contact process, wet process and lead 

chamber process. A modified lead chamber process seems to 

be suitable for Tanzania environment using pyrites as major 

source of sulphur dioxide, a key intermediate in producing 

sulphuric acid.  

In Africa, more than 80% of sulphuric acid is used to 

produce fertiliser. That means by producing it locally, 

Tanzania agricultural sector, which employ over 80% of 

Tanzanians and which account a half of national income can 

benefit much. In addition, energy sector may also benefit by 

producing sulphuric acid needed for solar battery which can 

empower an infant solar technology. There is a direct link 

between energy, economic growth and poverty alleviation. 

However, it is clear that less than 20% of Tanzanians has got 

access to electricity. Solar technology utilisation can make a 

very significant contribution to socio-economic development 

in Tanzania. In order to achieve 2025 MDGs and a new 

Tanzanian government policy known as Big Result Now 

(BRN) which aims Tanzania to become middle class 

economy by 2025, production of sulphuric acid by local 

materials is crucial. This is a must chemical for modern 

civilisation. 
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