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There are several products that have been used for the transfer of gases to water. Use of these 

devices for varied applications is based on efficiency and economics.  An innovative device that 

has been widely used for pH control and aeration is the patented Dif-Jet
TM

 system marketed by 

Fortrans, Inc in Wendell, North Carolina, USA.   The Dif-Jet
TM

 has been effectively used for 

dissolving carbon dioxide (CO2), air, and oxygen (O2).  This paper discusses gas transfer theory 

and key factors of the process along with sample applications using the Dif-Jet
TM

 including; 

transfer of CO2 gas for pH neutralization of wastewater, for aeration and oxygenation, and for 

disinfection using ozone.  

 

Gas Transfer 

 

The gases in air are sometimes referred to as sparingly soluble gases because of their relatively 

low level of solubility.  Still, they are vitally important in biological and industrial processes even 

at low concentrations.  Dissolved oxygen, generally observed in parts per million, is critical for 

respiration by aquatic life.   

 

Under steady-state conditions, the partial pressures of dissolved gases in water are in balance 

with the pressures of the same gases in the atmosphere above the water. Henry’s law 

(Equation 1) is used to determine saturation concentrations of dissolved gases (Colt 1984). 

 

C = 1000 K ß X ((pATM - pH2O)/760)    (1) 

 

In this equation, C is the concentration of the gas (mg/L), K is the ratio of molecular wt of gas to 

volume (mg/mL), ß is the Bunsen coefficient for the gas, pH2O is the vapor pressure of water 

(mm Hg), pATM is the barometric pressure (mm Hg), and X is the mole fraction of the gas. 

 

According to Henry’s Law, when the pressure of gas over the water is decreased, the amount of 

dissolved gas also decreases. In addition, the saturation concentrations of those gases will vary 

depending on temperature, salinity, and pressure. Higher pressure increases the amount of gas 

dissolved per unit volume, so the saturation concentration for a gas will be higher in deeper 

water. The inverse is the case for temperature and salinity. Water at higher temperature or 

salinity will have less gas per unit volume. Table 1 presents saturation concentrations for the 

gases in air dissolved in water at different temperatures. 
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Table 1. Sea level saturation concentrations of dissolved gases and water vapor pressure in 

freshwater at different temperatures (Colt 1984). 

 

Temp 

(C ) 

N2 

(mg/L) 

O2 

(mg/L) 

Ar 

(mg/L) 

CO2 

(mg/L) 

pH2O 

(mmHg) 

0 23.0 14.6 0.89 1.09 4.6 

5 20.3 12.8 0.78 0.89 6.5 

10 18.1 11.3 0.69 0.75 9.2 

15 16.4 10.1 0.62 0.63 12.8 

20 14.9 9.1 0.56 0.54 17.5 

25 13.6 8.2 0.51 0.46 23.7 

30 12.6 7.5 0.46 0.40 31.8 

35 11.7 6.9 0.42 0.35 42.2 

40 10.9 6.4 0.39 0.31 55.3 

 

The concentration of dissolved gas may also be increased by raising the concentration of the gas 

above the water surface (by changing the mole fraction of the gas).  Use of pure oxygen (100%) 

will increase the concentration of dissolved oxygen by over four times that of air (20.95%).    

 

CO2 Chemistry 

 

The chemistry of carbon dioxide (CO2) is unlike that of the other gases found in air.  CO2 

dissolves in water based on Henry’s law and but it is also in chemical equilibrium with inorganic 

carbon (Equation 2). 

 

CO2 + H2O  �  H2CO3  �    H
+
 + HCO3

-
   �   2H

+
 + CO3 

-2
               (2) 

 

As a result of this equilibrium, the chemistry of carbon dioxide is more complex than that of 

other gases.  First the CO2 dissolves in water forming carbonic acid (H2CO3). Carbonic acid is a 

weak acid that dissociates in two steps, the first forming bicarbonate (HCO3
-
) and the second 

forming carbonate (CO3
-2

). These reactions are pH dependent.  

 

Use of the Dif-Jet
TM

 with CO2 

 

The Dif-Jet
TM

 system has been used with CO2 to control pH throughout the United States and 

Canada. The system is sold by Fortrans, Inc. located in Wendell, North Carolina, USA.  Several 

hundred of these systems are being used by operators at concrete manufacturing plants to 

neutralize high pH ready-mix and premix concrete process wastewater as well as stormwater. A 

by-product of C02 neutralization is that the system also lowers suspended and dissolved solids. 

(Figure 1).   
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Figure 1.  Dif-Jet
TM

 system used with CO2 gas to control pH of concrete process wastewater 

(Fortrans Inc., Wendell, North Carolina, USA). 

 

The production of precast and ready-mix concrete generates a large volume of industrial 

process wastewater that is high in pH and contains dissolved and suspended solids. The Dif-

Jet
TM

 system is a patented gas infusion and mixing device designed to use safe, low cost CO2 gas 

to lower the pH of process wastewater. The Dif-Jet™ Injector is more efficient and uses less 

carbon dioxide than spargers or diffusers and will not clog with solids. 

 

Dif-Jet™ gas Injectors are incorporated into self-contained pH control systems complete with 

monitoring and control instrumentation and full NEMA enclosures that may be skid mounted 

for interior applications. All systems are basically “plug and play” requiring only a supply of 

carbon dioxide gas and a regulator. 

 

Aeration and Oxygenation Theory 

 

Several theories have been proposed for the mechanism of oxygen transfer in water. These 

theories are widely used in modeling oxygen transfer kinetics. The rate of gas transfer into a 

liquid is described by Fick's first law which describes the rate of mass transfer as directly 

proportional to the concentration gradient (Equation 3). 

 

dm/dt = Dm A dC/dt (3) 
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In this equation, dm/dt is the mass transfer rate in grams per second (g/sec), Dm is the 

molecular diffusion constant (or coefficient) of the gas in square centimeters per second 

(cm
2
/sec), A is the area through which transfer occurs (cm

2
), and dC/dt is the concentration 

gradient of the gas. 

 

One of the earliest models for gas transfer suggests two laminar films of gas and liquid exist at 

the interface of two phases. The model is referred to as the "two-film model," or the Lewis and 

Whitman model after its original presenters. Gas moves through the liquid film by molecular 

diffusion and is distributed in the liquid by turbulent diffusion. The two-film model for oxygen 

transfer describes the rate of transfer by the following: 

 

dm/dt/A = Dm * (Cs-C) / Lf (4) 

 

In this equation, dm/dt/A is the rate of transfer per unit area, Cs is the saturation concentration 

of gas, Lf is the thickness of liquid film, and C is the gas concentration. The model is based on a 

stable laminar film at the interface requiring tranquil flow conditions. These conditions are 

rarely found in the field, yet Equation 4 has been employed widely to effectively describe 

oxygen transfer and aeration design for many applications. 

 

The basic model for oxygen transfer used for sizing aeration systems is based on the Lewis and 

Whitman model. The following equations present the model in differential form (see Equation 

5) and exponential form (see Equation 6): 

 

dC/dt = KLa (Cs -C) (5) 

 

C = Cs - (Cs – CO) exp (-KLa * t)  (6) 

 

In these equations, C is the dissolved oxygen (DO) concentration in milligrams per liter (mg/L), 

CS is the equilibrium concentration of DO attained as time approaches infinity, CO is the DO 

concentration at time zero, and KLa is the mass transfer or re-aeration coefficient (hr
-1

) defined 

as the rate of mass transfer per unit volume divided by the concentration differential gradient 

(CS – CO), and t is time (hr). 

 

Standardized testing 

 

Performance of aeration efficiency may be compared based on evaluation of re-aeration rates 

from tests completed in clean water. Results are then converted to standard conditions. This 

procedure was prepared by the American Society of Civil Engineers subcommittee on oxygen 

transfer standards (APHA, AWWA, WEF 1992; ASCE Oxygen Transfer Standards Committee 1983; 

ASCE Oxygen Transfer Standards Committee 1984; Brown, L.C., and C.R. Baillod 1982; WPCF 

1988). The standard aeration test includes guidelines on basin geometry, analytical methods for 

dissolved oxygen measurement, test procedure and data analysis.  
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Dissolved oxygen measurements may be completed using DO meters and probes or by wet 

chemistry methods using titration of water samples collected throughout the test. In most 

cases, DO probes are used. 

 

Prior to each oxygen transfer test, cobalt chloride (CoCl2) is added to the tank and mixed to 

produce a soluble cobalt concentration between 0.10 mg/L and 0.50 mg/L in the test tank. 

Next, sodium sulfite (Na2SO3) is dissolved and added to the tank (approximately 8 mg/L sodium 

sulfite per 1 mg/L DO concentration). With the addition of the dissolved sodium sulfite solution, 

the DO level is reduced below 0.50 mg/L in the test tank. 

 

Once the dissolved oxygen level has stabilized near zero, the aeration device is started and the 

rate of increase in dissolved oxygen is measured. The experimental run is terminated when DO 

levels reach at least 95 percent of saturation. Information must be recorded on the physical test 

configuration, meteorological conditions, power consumption, water quality, as well as the 

dissolved oxygen data.  

 

Standard oxygen transfer rate (SOTR) 

 

The data collected from the oxygen transfer experiments may be analyzed by the mass transfer 

model to estimate the mass transfer coefficient, KLa, and the saturation concentration, CS.   

The oxygen transfer capacity of the various aeration systems may be compared using the rate of 

oxygen transfer predicted using this model. The comparisons are for standard conditions (zero 

dissolved oxygen, 20°C temperature, and 1.0 atmosphere of pressure). 

  

The standard oxygen transfer rate (SOTR) can be calculated by first correcting KLa and CS to 

standard conditions using the values determined in the mass transfer model. Equations 7 and 8 

are used to convert these values to standard conditions. The value of SOTR is calculated using 

Equation 9.  

 

KLa 20 = KLa θ 
(20 - T)

 (7) 

 

CS 20 = CS (l/τ Ω) (8) 

 

SOTR = V * KLa 20 * CS 20 (9) 

 

In these equations, KLa 20 is the value of KLa corrected to 20 °C, θ is the empirical temperature 

correction factor (generally equal to 1.024), CS 20 is the value of C corrected to 20 °C and 

standard barometric pressure of 1.0 atmosphere, τ is the temperature correction factor, ς is the 

pressure correction factor, and T is the water temperature during the test (°C). SOTR is 

measured in kilograms per hour (kg/hr). V is the volume of water in the test tank (L). 

 

Field Oxygen transfer rate 

 

The oxygen transfer rate (OTR) for field conditions will not be the same as that predicted at 
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standard (SOTR) conditions. The field oxygen transfer rate may be estimated using Equation 10:  

 

OTR = SOTR θ
(T-20)

 α(β Cs - C)/C20 (10) 

 

In this equation, OTR is the field oxygen transfer rate (kg O2/hr), α is the correction for KLa in 

process water, β is the correction for dissolved oxygen saturation in process water, and θ is the 

correction for temperature. 

 

Use of the Dif-Jet
TM

 with Air or Oxygen 

 

The Dif-Jet™ system has been tested for aeration and oxygenation efficiency using the ASCE 

Standard Method to determine the standard oxygen transfer efficiency and aeration rate.  

Figure 2 shows the Dif-Jet™ system used for aeration testing. 

 

 
 

Figure 2.  Dif-Jet
TM

 system used with air and O2 gas for aeration testing (Fortrans Inc., Wendell, 

North Carolina, USA). 

 

System Performance 

 

Oxygen transfer rate and efficiency are dependent on many variables.  Optimization of 

efficiency depends on water flowrate, Dif-Jet
TM

 pressure, and gas flowrate.  The following 

figures present typical performance data.   
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Figure 3.  Dif-Jet
TM

 system efficiency using air for aeration testing (Fortrans Inc., Wendell, North 

Carolina, USA). 

 

 
 

 

Figure 4.  Dif-Jet
TM

 system standard oxygen transfer rates using air for aeration testing (Fortrans 

Inc., Wendell, North Carolina, USA). 
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Figure 5.  Dif-Jet
TM

 system efficiency using pure oxygen gas for aeration testing (Fortrans Inc., 

Wendell, North Carolina, USA). 

 

 
 

Figure 6.  Dif-Jet
TM

 system oxygen transfer rate using pure oxygen gas for aeration testing 

(Fortrans Inc., Wendell, North Carolina, USA). 

 

Results of testing with air and pure oxygen showed that the Dif-Jet
TM

 device is capable of 

efficiently dissolving oxygen gas.  Aeration efficiency and oxygen transfer rates for the Dif-Jet
TM

 

devices are comparable to those of other aeration systems.   

 

The patented Dif-Jet™ aerator has many benefits over other aeration devices including the 

following;  
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� non-fouling or scaling 

� no biofilm, slime or other growth 

� no cleaning required 

� no pre-filtration required 

� no reduction of efficiency over time 

� no back pressure buildup affecting performance 

� minimal replacement costs 

� minimal maintenance costs 

� easy installation (floating or drop-in systems) 

� easy maintenance 

� long service life 

� high efficiency 

� easily fit varied tank geometries and configurations 

� excellent mixing and water movement 

� no moving parts (no gearboxes, impellers, paddles, etc.) 

� lower operational costs 

� improved overall economics 

� easily incorporated into an existing piping network 

� use in varied water depths (shallow to deep applications). 

 

Use of the Dif-Jet
TM

 with Ozone and other Gases 

 

Ozone (O3) is a strong oxidizing agent capable of rapidly treating many inorganic and organic 

substances. It is widely used in water purification, disinfection and bleaching processes. 

Despite concerns regarding the complexity of the ozonation process, ozone systems are 

becoming increasingly important in aquatic systems used for disinfection, as well as to oxidize 

inorganic substances like iron, manganese, sulfide and nitrite. It can also be used to treat color 

related to humic, fulvic and tannic acids, and to treat off-flavor and odors.  

 

The patented Dif-Jet™ System could be used for these applications especially with ozone gas for 

disinfection.  The Dif-Jet™ System has the advantage that no additional contact chamber is 

required for gas transfer.  In addition, a venturi would not be required to introduce the ozone.  

The result would be a lower energy requirement for pumping and a reduction in space 

requirement.   Ozonation using the Dif-Jet™ system would provide improved economics over 

other methods particularly in terms of lower capital costs. 

 

Another use for the Dif-Jet™ System would be with nitrogen (N2) gas which has been used in 

many industrial applications including food preparation, chemical processing, and elimination of 

other dissolved gases (gas stripping). The patented Dif-Jet™ System would be another 

alternative for efficient gas transfer in these applications. 

 

 

 

 



10 

 

Summary 

 

The efficient transfer of gases to water can be critical for many industrial and biological 

processes. The Dif-Jet
TM

 system marketed by Fortrans, Inc in Wendell, North Carolina, USA has 

been applied effectively for carbon dioxide and oxygen use.       
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