
Principle

Unique Features

Salt water flows across one side and salt free water 
flows across the other side of hydrophobic 
membranes at pressures less than the breakthrough 
pressure of the membrane. Water does not penetrate 
the pores of the membrane. Salt free water is 
maintained at temperatures less than the 
temperature of the salt water.  The vapor pressure of 
salt free temperature water is lower than the vapor 
pressure of salt water.  Water vapor flows from the salt 
water side to the fresh water side, condenses in the 
salt free water and gets carried away from the 
membrane by the flowing water.  In place of salt free water, gases with low vapor pressure 
(low humidity) can flow across the membrane. 
The water vapor flowing through the membrane from the salt water side is carried away 
from the membrane by the flowing gas.  In place of salt free water or gas, vacuum is 
maintained on the other side of the membrane and water vapor from the salt water flows to 
the vacuum chamber. The vapor can be collected from the vacuum side.

Application
The PMI Membrane distillation machine is 
capable of measuring rate of formation of 
water from salt solutions under a wide variety of 
experimental conditions including pressure, flow 
rate and temperature. Clean water may be 
collected in flowing water, in flowing gas or 
under vacuum.

The Procedure

Typical Results
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The salt water side is gravity filled with salt water of desired strength. Any air in the system is removed. 
Required temperature, pressure and flow rates are maintained. The same procedure is used to activate the 
fresh water side.  The rate of increase of volume, measured by the penetrometer, yields rate of production of 
fresh water. Conductivity sensor shows the absence of salt in the permeate side. 
For the sweeping gas test, air at the desired pressure, temperature and flow rate is allowed to flow through 
the permeate side of the sample chamber. The temperature of the permeate side of the sample chamber is 
maintained at the desired constant temperature. The flow rate, pressure, temperature, and humidity are 
measured. From the gain in humidity and the flow rate, the transfer rate is computed.
In the vacuum distillation test, the temperature of the permeate side of the sample chamber is maintained at 
the desired constant temperature. Temperature and pressures are measured. The rate of increase of pressure 
due to transfer of vapor after the vacuum cycle yields rate of production of water.   The rate of decrease of 
volume in the penetrometer on the feed side also yields the rate of loss of water due to evaporation. 

Salt Water Feed Side and Salt Free Water Permeate Side:
• Temperature Range: 5 – 85 °C
• Flow Rate:  Up to 9.6 gallons/min
• Pressure Range: Up to 120 psi 
• Independent measurements with conductivity 
   sensor and penetrometer to crosscheck results
Gas Permeate Side:
• Temperature Range: 5 – 85 °C
• Flow Rate:  Up to 9.6 gallons/min
• Pressure Range: Up to 120 psi 

 Vacuum Permeate Side:
• Temperature Range: 5 – 85 °C
Completer Automation:
• All data collected and recorded
• Software computes all the required 
   information.
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The Instrument
The instrument has three sections for  direct water contact membrane distillation, sweeping gas 
membrane distillation, and vacuum membrane distillation.
Direct Water Contact Membrane Distillation: The layout is shown in Figure 1. Salt water maintained at 
a constant temperature is circulated through the sample chamber. Its flow rate and pressures are 
also maintained at desired values. Temperature of the feed side of the sample chamber is also 
maintained at the constant temperature. Temperatures and pressures of incoming and outgoing salt 
water, and conductivity and volume change of salt water are  measured. From these measurements 
rate of water vapor transfer are computed.  Salt free water maintained at a constant temperature in 
a tank is circulated through the sample chamber at the desired pressure and flow rate. Temperature 
of the fresh water side of the sample chamber is also controlled. Temperature and pressure of 
incoming and outgoing salt free water from the sample chamber are measured. The conductivity 
and volume change of water in the salt free water tank are measured.  The rate of fresh water 
formation is computed. (Continued on next page to the right)

Vacuum Membrane Distillation: The layout is shown in Figure 2. Salt water is circulated through feed side of the 
sample chamber. Vacuum side of the sample chamber is maintained at a constant temperature. The 
chamber is evacuated to the desired pressure. Evacuation is then stopped and increases of pressure in the 
system due to transfer of vapor is measured. When specified pressure is reached the chamber is evacuated 
again.  The procedure is continued. Transfer rate can be computed from the rate of pressure increase. 
Integration can yield total transfer.  Feedside penetrometer also yields the rate of transfer.
Sweeping Gas Membrane Distillation:  The layout is shown in Figure 2. Salt water is circulated through feed side 
of the sample chamber. Air at desired pressure, temperature and flow rate flows through the permeate side of 
the sample chamber. Temperature of the permeate side of sample chamber is controlled. Flow rate of gas is 
measured. Humidity and temperature of the incoming and outgoing air are also recorded. From these 
measurements the rate of generation of water vapor is computed.  

Figure 1. Membrane Distillation with direct contact with fresh water

Vacuum Membrane Distillation Figure 2.
Sweeping Gas 

Membrane Distillation

Figure 3. Sample Chambers

Samples
The instrument is capable of investigating flat sheet membranes as well as hollow fiber 
membranes. The sketch in Fig.3 illustrates the sample chambers (shown to the right) .

Hollow Fiber Sample Chamber

Half of the Sample Chamber for Flat-Sheet 
Membranes


	pages01-04_august25 2011.pdf
	pages02-03_edited

