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Abstract: Preparation of the diluted sulfuric acid not only 

causes chemical burns, but also secondary thermal burns because 

of dehydration. However, the domestic acid company only supply 

the (98-98.5 percentage) of concentrated sulfuric acid to the 

customer. Thus, customers have no choice, and manually dilute 

the concentrated sulfuric acid at home while they face the 

problem of strong acid dilution hazards. In response to this 

problem, the main objective of this thesis is to design an acid 

dilution system of  capacity that delivers (1 𝑡𝑜 97 𝑤𝑤⁄%) 

diluted acid concentration. The main components of the system 

are pipelines, heat exchanger, storage tanks, pumps, mixing 

device, valves and fittings. The method used for developing the 

overall conceptual design of the acid dilution system is inferring 

the existing worldwide acid dilution system experience using solid 

work 2016 for modelling and mathematical investigation, and 

M.S Excel 2016 for iteration. The required flow rate of both 

concentrated sulfuric acid and diluent water is calculated for 

each output concentration, and the heat load as well as final 

temperature during dilution is determined and validated. 

Considering the allowable velocity and surface roughness for 

each material as the design variable with two conflicting 

objectives of pressure drop and pipe diameter over each output 

concentration, among the seven recommended concentrated 

sulfuric acid pipe materials the carbon steel is selected. Moreover, 

stainless steel is used for diluent and cooling water piping and the 

appropriate dimension of the pipe is determined. In addition, the 

size of tank capacity per day with time is determined using a 

simple finite difference method. Moreover, other auxiliary system 

equipment’s, like pump, static mixer, valve is selected as per 

requirement. 

Keywords: Acid dilution device, Pipe material, Storage tank 

I. INTRODUCTION 

The origin of this study is, the Awash- Melkassa Aluminum 

Sulfate and sulfuric acid Share Company (AMASSASC) is 

the only chemical company in Ethiopia that produces sulfuric 

acid with 98.5 % weight concentration. However, the 
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customer requires at different concentration less than the 

initial concentration.  

In addition, steady demand grows because ’s favorable 

properties make it useful in preparing a variety of products. 

For example, ’s hygroscopic nature is ideal for drying 

synthesis gases in the chemical and petrochemical industries. 

Moreover, several applications require at different dilution 

range. Like fertilizer production, synthesis gas drying, 

etching and pickling baths, mine-ore processing, refinery 

catalysis, manufacture of paper, detergents, dyes, drugs, car 

batteries, plastics, and production of various chemicals. 

The users of sulfuric acid requires sulfuric acid at different 

concentration level. The requirements varies as both from 

time-to-time and organization to organization based on the 

application. Nevertheless, the company has no acid dilution 

plant. They only supplies the final product of concentrated 

sulfuric acid (98 to 98.5 weight percent) amount to the 

customer as it is, while almost no customer uses sulfuric acid 

at this range of concentration. 

Moreover, due to the only company, the customer have no 

choice to purchase the lessen sulfuric acid concentration. The 

only option they have is diluting this concentrated sulfuric 

acid manually at home. However, the process of placed water 

in sulfuric acid is extremely dangerous, as the water 

completely ionizes small amounts of water in concentrated 

amounts of sulfuric acid will boil and form an acidic mist, 

which is highly acidic, and damaging if inhaled. This 

aggressive nature of the chemical can causes permanent 

blindness, internal burns, respiratory track irritation, and 

possibly death. Sulfuric acid is an extremely dangerous 

chemical that must be handled with caution. In addition, the 

sulfuric acid dilution process is very exothermic (when 

dissolving in water), several safety precautions shall be taken 

with the handling, storage, dilution and transportation of 

sulfuric acid. 

According to the current situation of  AMASSASC, it is 

important to provide sulfuric acid with different dilution level 

due to couple of reasons. First, to meet customers need and 

protect the beneficiaries from any acid dilution hazards. 

Second, to ensure the sustainability of factory effectiveness. 

In response to this problem, this thesis investigate the 

optimum sulfuric acid dilution device that can work for 

various concentration level.  

The Acid Dilution System 

The Powell acid dilution system uses sulfuric acid 

in-line-mixing system or an in-line-blending system. Usually 

these systems dilute 98% or 93% sulfuric acid to lower 

strengths such as 70%, 50%,30% or lower.  
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Any strength lower than the strong acid can be produced. 

Depending on the final sulfuric acid strength, large amounts 

of heat are generated during the dilution. When this amount 

of heat becomes significant, the dilution temperatures can 

boil the sulfuric acid at atmospheric pressure. Many 

companies use very expensive graphite or silicon carbide 

heat exchangers with the sulfuric acid under pressure 

requiring special piping materials and insulation to protect 

the workers from approximately 100 to 120°C temperatures. 

In a system where the sulfuric acid product strength is 10% or 

lower, the sulfuric acid can be diluted with water with no heat 

exchangers required since the heat of dilution is low. The 

Powell system construct the piping material using 

polyethylene fusion welding pipe and fittings. 98% sulfuric 

acid would typically use PTFE lined pipe and fittings. Other 

materials can be used depending on the purchasing 

company’s specification. The instrumentation utilized for the 

sulfuric acid dilution system are Rosemount magnetic flow 

meters, pressure transmitters, temperature transmitters, 

Micro Motion mass meters and Masoneilan control valves 

are used. Other instruments such as Yokogawa transmitters 

and Fisher control valves can be supplied (powellfab, 2007). 

The Wastech Acid Dilution Systems (ADS) are designed for 

diluting sulfuric acid to a lower concentration required for 

process use. These systems start with water and add acid until 

the desired concentration is achieved. The lower 

concentration chemical is then pumped to a holding tank for 

storage and use. The Wastech ADS includes all plastic wetted 

components for corrosion resistance and a fully automated 

control system (Wastech, 2015) .  

Concentrated  is diluted by varying amounts and the 

temperature changes associated with dilution are measured. 

The heat released during dilution is a result of the hydration 

of the various ions formed upon dissociation of the acid 

(Shakhashiri, 1983). 

The unit consists of a Dilution Chamber, followed by a Heat 

Exchanger. Dilution Chamber is used for diluting 

concentrated sulphuric acid to the desired concentration and 

the Heat Exchanger is used for bringing down the 

temperature of dilute acid to desired temperature. The Heat 

Exchanger is of shell and tube type to dilute the acid. The 

acid should be added slowly to cold water to limit the buildup 

of heat. If water is added to the concentrated acid, enough 

heat can be released at once to boil the water and spatter the 

acid. Sulfuric acid reacts with water to form hydrates with 

distinct properties (kjhil, 1999). 

The Noritake acid dilution system uses the dilution system 

continuously produces sulfuric acid at a consistent 

concentration through inline dilution of concentrated sulfuric 

acid. Dilution to the designated strength is performed in the 

dispersion mixer, and sulfuric acid that reaches high 

temperatures due to heat of dilution is cooled to the 

designated temperature with a heat exchanger. (Noritake, 

2001) 

II. DESIGN METHODOLOGY 

This section describes the methods used to complete the 

objectives of this paper. 

 

A. Collected Data and Gathered Information  

• The condenser outlet temperature is around 25  

according to the interviewed.  

• The boiler preheater can receive starting from 40  input 

temperature. 

• According to the interviewed, customer’s need vary from 

time to time, company to company, industry to industry 

and people to people so that it is hard to know when will be 

the maximum and minimum demand reached in yearly or 

monthly bases. And, there is no research is done until 

know. 

• Currently the company produces  and 

 in yearly basis. Moreover, the final 

sulfuric acid product is 98 to 98.5  by weight. 

B. Defining the Required Capacity of Acid Dilution 

Device 

Table 1: Product mix and capacity of AMASSASC. 

Sulfuric acid (98% + 0.5 

w/w %) 

20,000 tpa 

Oleum (25 % free S ) 5, 000 tpa 

Aluminum sulfate (17 % 

) 

13, 600 tpa 

Hydrogen peroxide (50 % 

  w/w %, min 50 %)  

5, 500 tpa 

Taking average active hours per day = 8 hrs. (This eight hrs. 

per day is determined, considering the minimum average 

time so that one operator per day can cover the workload)  
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 =  =   = 3.74  4   

C. Develop Conceptual Design  

The concept for the acid dilution device design is developed 

to allow dilution of highly concentrated sulfuric acid. And, 

widely plays an important role in the chemical industry. 

Usually, it is carried out with the use of the so-called mixing 

concentrated sulfuric acid with demineralized water. The 

following figures represents the conceptual design of main 

parts of acid dilution device as well as overall assembly. 

 
Figure 2: Conceptual design of sulfuric acid dilution 

device two-dimensional layout. 

 

D. Methods of Data Analysis 

In order to achieve the required objective, this study will use 

design data book. Then the data will analyzed by using 

governing equation in each analysis and some empirical 

relation formulas. The software’s used on this thesis were, 

SOLID WORK, and M.S Office 2016. An excel program has 

been developed to determine the tank size used for acid 

dilution device, to select the appropriate acid piping material, 

to determine the pressure drop  over the diluent water and 

cooling water piping system assembly in each concentration 

level, to determine the dimension of parts, to select the 

appropriate system equipment’s. In addition, to size and 

optimize the shell and tube heat exchange as per the heat load 

liberated during the dilution process. Further optimization of 

the design, by the help of excel, it became easy to check the 

effect of change in various parameters like baffle spacing and 

shell length on pressure drop and overall heat transfer 

coefficient. 

E. Determination of the Acid to Water Proportion 

The conservation of mass principle for a general steady-flow 

system with multiple inlets and outlets can be expressed in 

rate form as: 

Steady flow     

 
This implys : 

 +  =      

After setting the capacity of the acid dilution device, the mass 

flow rate can be determined as   =  (for each 

concentration,   ) ×  

Now, mass is conserved before and after the dilution helps to 

determine both the mass and volume flow rate of the inlet 

concentrated sulfuric acid and diluent water. 

 =  × 

 

 = × 

 

Then, 

=  

=  

F. Enthalpy of Diluting a Concentrated Sulfuric Acid 

The addition of a strong sulfuric acid to water generates heat; 

that is, the reaction is exothermic. 

When we add concentrated sulfuric acid to water, the reaction  

 →  +  take place.  

Calculate  for this reaction given that the standard state 

heat of formation for ,  

, and  

are , , and 

, respectively. 

 
        

(By the time, no constraint of diluent water for the needed 

concentration range (mostly it works on one time (batch 

dilution process) or in the case of manual dilution) (dpuad, 

2016) 

 (By the time, constraint of diluent water. Mostly in case of 

continuous dilution system)  

G. Storage Tank Sizing 

The main factors that will determine the size of the tank are 

plant production rate as well as the acid dilution device 

capacity. And, the maximum capacity of the storage tank is 

determined for a day. 
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Fluid Level System  

 

Figure 5: First order fluid level system. 

Figure above shows a first order fluid level system where 

 and  are the flow  rate coming from the source and 

the flow rate delivered to the system. Let h be the height 

liquid at time t and it rises by an amount dh after a time dt due 

to an inflow of . 

Considering the following quantities during the interval dt: 

 

 

 
From conservation of mass  

Quantity of fluid flowing in = Additional storage + Quantity 

of fluid flowing out 

 
Rearranging 

) 

Equation (7) is a first order differential equation. It relates 

fluid level h with time t. 

The following finite difference technique can be used to 

obtain the approximate solution. Select discrete points (nodes 

or grid points) in time and approximate the time derivative of 

h by the expression. 

 

III. RESULT AND DISCUSSION  

A. Analytical result of concentrated sulfuric acid to 

diluent water proportion for each diluted acid 

concentration level  

Table 2: Required flow rate result of sulfuric acid and diluent 

water amount for each concentration output. 

 

B. Analytical result of dilution enthalpy, temperature 

change and required cooling water flowrate for each 

diluted acid concentration level  

Table 3: Analytical result of dilution enthalpy and 

temperature change for each weight percentage of 

sulfuric acid: 
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Figure 6: Intermediate temperature and heat duty as a 

function of diluted acid concentration. 

Table 4: Range of both intermediate temperature and 

heat duty over the whole concentration level. 

 Heat duty 

(kcal/kg) 
Delta T(℃) 

Maximum Value 72.81 165.04 

Minimum Value 2.51 2.52 

The above results of this study is validated with the 

experimental result given on article ( SGL Group, 2016) 

  

Figure 7: Heat duty and temperature as a function of 

diluted acid concentration in DIABON heat exchanger 

experimental result ( SGL Group, 2016) 

➢ As shown on the graph, the heat liberated during the 

reaction is first increases sharply with concentration output 

then it reaches peek point finally decreases with 

concentration output. Because, in the case of continuous 

acid dilution system the flow rate of diluent water for 

required concentration output was specified, and, that is 

not enough water for the reaction happens after the critical 

concentration output. Therefore, the reaction cannot 

generate the whole heat energy.     

C. Analytical Analysis of Concentrated Sulfuric Acid 

Piping Material 

These materials have different surface roughness values that 

surface roughness has an effect on friction resistance. It turns 

out that the effect is negligible for laminar pipe flow, but 

turbulent flow is strongly affected by roughness. Therefore, 

one of the objective of this study is choice of the safe, 

efficient and economical piping material for conveying 

highly concentrated sulfuric acid. 

The following table shows maximum recommended sulfuric 

acid velocities and surface roughness value in various 

materials, at 98.5%  concentration and temperature of 

30  (Sulfuric acid piping techmanual, 2005)  
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Table 5: Maximum recommended concentrated sulfuric 

acid velocity and surface roughness value of 

representative material (Sulfuric acid piping techmanual, 

2005) 

Material Velocity 

[m/s] 

Surface roughness 

[Ɛ, mm] 

Cast Iron 3 1.5 

Ductile Iron 2 2.6 

High Silicon Iron (4%) 2.1 2 

Carbon steel 0.5 3 

Alloy 20 1.8 1.9 

Alloy c-276 3 2.3 

304L ss(Ap) 1.5 0.5 

The following table shows the summary of results: 

Table 6: Summery result of pressure drop per length and 

pipe diameter for acid piping material. 

 

 

Figure 8: pressure drop per length and pipe diameter of 

different acid piping material. 

D. Analytical Result of Diluent Water - Piping System 

Stainless Steel  

The roughness of ordinary stainless steel material is 

 (Bruce R. Munson, 2013) 

Fixed variable Volume flowrate of diluent water [ ] 

for each output concentration. 

Max diluent water velocity (V) = , since the velocity 

must be the same with the preset concentrated sulfuric acid 

fluid velocity. 

 

Figure 9: Pressure drop and pipe diameter as a function 

of diluted acid concentration for stainless steel diluent 

water piping material at fixed average velocity. 

This graph nature looks the inverse of the graph happens on 

the concentrated sulfuric acid pipe material. Hence, unlike 

the flow rate of concentrated sulfuric acid, the required flow 

rate of diluent water is decreased with concentration output. 

In addition, when the pipe diameter graph decreases the 

pressure drop increases. 

Table 7: Range of both pressure drop per length and pipe 

diameter of stainless steel piping material over the whole 

concentration level for diluent water.  

 

Table 8: Corresponding parameter result at minimum 

pressure drop for stainless steel piping material for 

diluent water. 

 

Taking minimum pressure drop and corresponding pipe 

diameter size Now, Fixed variable:   Flow rate of diluent 

water [ ] for each output concentration  

Pipe diameter (D) = 0.05293 

m
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Figure 10: Pressure drop and average velocity as a 

function of diluted acid concentration for stainless steel 

diluent water piping material at fixed pipe diameter. 

➢ In a similar manner, at a fixed pipe diameter, unlike the 

concentrated acid pipe material, both the pressure drop and 

average velocity decreases with concentration output 

increases. 

Table 9: Considering the minimum pressure drop, range of 

both pressure drop per length and average velocity of 

stainless steel piping material over the whole concentration 

level for diluent water. 

  

E. Analytical Result of Cooling Water - Piping 

System 

Stainless Steel  

Fixed variable 

Volume flowrate of cooling water [ ] for each 

output concentration 

Max diluent water velocity (V) = 0.5 , since the velocity 

must be the same with the preset velocity of both 

concentrated sulfuric acid and diluent water fluid velocity. 

  

Figure 11: Pressure drop and pipe diameter as a function 

of diluted acid concentration for stainless steel cooling 

water piping material at fixed average velocity. 

➢ This graph shape property directly related to the cooling 

water flowrate with concentration and indirectly related to 

the heat load liberated in each reaction over the 

concentration output. As a result, the pressure drop graph 

decreased initially and then increased. Conversely, the pipe 

diameter increased initially and the decreased. 

 

Table 10: Range of both pressure drop per length and 

pipe diameter of stainless steel piping material over the 

whole concentration level for cooling water. 

 

 Table 11: Corresponding parameter result at minimum 

pressure drop for stainless steel piping material for 

cooling water.  

 Taking minimum pressure drop and corresponding pipe 

diameter size 

Now, 

Fixed variable:   Flow rate of sulfuric acid [ ] for 

each output concentration. 

Pipe diameter (D) = 0.148624 m 

 
Figure 12: Pressure drop and average velocity as a 

function of diluted acid concentration for stainless steel 

cooling water piping material at fixed pipe diameter. 

➢ At a fixed pipe diameter, the maximum pressure drop 

happens when the cooling water is maximum that is when 

the maximum heat energy is liberated when 73 % of 

concentrated acid was drawn. 

Table 12: Considering the minimum pressure drop, 

range of both pressure drop per length and average 

velocity of stainless steel piping material over the whole 

concentration level for diluent water. 
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F. Analytical Result of Storage Tank Capacity 

 Concentrated Sulfuric Acid Storage Tank 

The current capacity of the company is . 

This implies the volume flow rate of the concentrated sulfuric 

acid is 
  

When the diameter of the tank is 1 meter. 

Then, cross sectional area becomes  

The maximum concentrated sulfuric acid tank size should be 

determined when the required concentrated sulfuric acid flow 

rate is minimum. i.e 1 % of diluted sulfuric acid is needed 

Invoking the previous result,  

Then the height of fluid ( ) will become 13.11814 meter. 

Therefore the needed volume of the storage tank will be  

 

 
The cross sectional area ( ) =  

Diluent Water Storage Tank 

When the flowrate of diluent water is maximum i.e 1% of 

concentration is required, the maximum tank size will 

determined. 

 
When tank diameter is 1 meter, cross sectional area becomes 

 

The maximum diluent water tank size should be determined 

when the required diluent water flow rate is maximum. i.e 1 

% concentrated sulfuric acid is needed. 

 Invoking the previous result, 
 

Then the height of fluid ( ) will become 40.336 meter. 

Therefore the needed volume of the storage tank will be 

 

The volume of fluid is 

 

 
The cross sectional area ( ) =  

Cooling Water Storage Tank 

Similar to the diluent water tank the continuous flow is only 

for discharging the cooling water from the source tank. Thus, 

to determine the maximum required tank size for a day, just 

follow similar procedure using the same governing equation 

and boundary condition. 

When the flowrate of cooling water is maximum, the 

maximum tank size will determined. Invoking the previous 

result, the maximum cooling water flowrate is . 

This is when maximum heat is liberated at 79 % acid 

concentration required.  

 
When tank diameter is 1 meter, cross sectional area becomes 

 

Using the above governing equation of fluid level, then the 

height of fluid ( ) will become 317.26 meter. Therefore 

the needed volume of the storage tank will be  

The volume of fluid is 

 

 
The cross sectional area ( ) =  

Diluted Sulfuric Acid Storage Tank 

When the flowrate of diluent water is minimum, i.e 1% of 

concentration is required, the maximum tank size will 

determined. 

 
When tank diameter is 1 meter, cross sectional area becomes 

 

Then the height of fluid ( ) will become 40.743 meter. 

Therefore the needed volume of the storage tank will be 

 

The volume of fluid is 

 

 
The cross sectional area ( ) =  

 

Figure 19: Fluid level (h) as a function of time (t) of 

storage tanks for acid dilution device. 

➢ The increasing graph shows the net volume of the system 

tank is positive and increasing with time, while the 

decreasing graph shows the tank once charged then 

continuously discharge.  

Table 19: The required maximum cylindrical storage 

tank size per 8-hour period 

 
Three-Dimensional Modelling of Acid Dilution Device 

The following figure shows the final three-dimensional 

design of the acid dilution device using solid work 2016. 

The table below shows materials with specification used for 

developing the acid dilution device  
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Table 20: The materials with specification for the acid 

dilution device. 

 

Table 21: Equipment’s with specification for acid 

dilution device. 

 

Figure 28: Over all 3D design of the sulfuric acid dilution 

system. 

IV. CONCLUSION 

From the general contents of this paper results the following 

point was drawn. 

In this study, the main work began after determining the 

required capacity of the acid dilution device based on the 

capacity of the case company and thus the required flow rate 

of both concentrated sulfuric acid and diluent water was 

setted for each concentration output, as per this flow rate the 

reaction generates large amount of heat. Among this various 

reaction the maximum 

( amount of heat is released 

when 73 % of concentrated acid was drawn but the 

temperature raised up to  when 83 % of 

concentrated acid was drawn. 

Among the seven-concentrated sulfuric acid piping material, 

the carbon steel piping is by far the most economical material 

of construction for conveying strong sulfuric acid. However, 

it has its limitations in terms of operating conditions. Carbon 

steel in the presence of strong sulfuric acid will corrode to 

form a thin film of iron sulphate on the surface of the metal. 

For this reason that the use of carbon steel is limited to 

handling acid at low velocities. Fortunately, due to the low 

velocity constraint the pressure drop becomes minimum and 

this happen at minimum concentration of acid, because low 

flow rate of acid is required. i.e. Carbon Steel[  = 0.05212 

m, ∆P =142.504 Pa/m]. 

Similarly for diluent and cooling water piping stainless steel 

was used to convey the water at required flow rate, and the 

following are the the pipe diameter and the maximum 

pressure drop over the complete concentration. i.e. stainless 

steel for diluent water piping [  = 0.053 m, ∆P = 55.85 

Pa/m], stainless steel for cooling water piping [  = 0.149 m, 

∆P = 16 Pa/m]. This optimum value of pressure drop was 

obtained when maximum flow rate of fluid was required after 

fixing the piping diameter. Moreover, this happens when 

minimum concentration is required a case of diluent water 

and maximum heat is liberated a case of cooling water. i.e. 

73% of concentrated acid was required.  
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